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FOREWORD

India witnessed a paradigm shift in food grain production and from a food deficit state at independence, became
a food surplus nation. The food grain production shot up from 51 million tonnes (mt) from 97 m ha (1950-51) to a
record of 241 mt from 123 m ha (2010-11), a growth of 360 per cent with a meager 24 per cent increase in gross
cultivated area. This was possible through a combination of development of high yielding varieties and use of improved
crop production technologies. The cereal based cropping systems (Rice-wheat, rice-rice and maize/pearlmillet-
wheat etc.) contributed mostly to the national food basket. However, this also led to many second generation problems
in post green revolution phase in all intensively cultivated areas, threatening the very sustainability of the important
agricultural production systems and, thereby, national food security. It is estimated that India would need about 345
mt to feed around 1.5 billion population by 2030. Similarly, the increased demand for feed and fodder for the livestock
population, resource degradation, climate change, new pests and diseases, slow growth in farm income, changing
dietary pattern of the population and EXIM policies demand a new paradigm shift in our future research and
development planning. All these call for a system’s approach to deal with the emerging issues and new challenges.

In the year 1989 by the Indian Council of Agricultural Research established Project Directorate for Cropping
Systems Research, Modipuram, to undertake studies on agronomic aspects through both on-station and on-farm
programmes under AICRP on Cropping Systems spread across the various agro-ecosystems in majority of the
states. As a result, a series of system based technologies were generated during the last two decades (1999-2009).
The Directorate was renamed as Project Directorate for Farming Systems Research (PDFSR) during XI Plan
period and started functioning in farming systems mode from April, 2010. However, for meeting the information
needs of the farming community, we need to exploit our strength in information and communication technologies
(ICT’s) to the fullest extent through the extension services.

I am happy to note that the authors have done a commendable work in compiling the scattered system based
agronomic information in the form of the publication “Efficient Alternative Cropping Systems” applicable to all
15 agro-climatic zones of the country. The publication highlights the production potentials, yields gaps and the way
forward to achieve the projected food demands through the approach of diversified efficient alternative cropping
systems along with better management strategies to improve input use efficiencies. They have also documented
contingency plans for adverse weather conditions which will of immense use to all stakeholders concerned with food
security in India and its related issues.

I congratulate the contributors for bringing out a very timely publication on a very topical issue.

Dated the 13th September, 2011 (S. Ayyappan)
New Delhi
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SECRETARY & DIRECTOR GENERAL
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PREFACE

Indian agriculture currently faces a host of diverse challenges and fresh constraints due to the

ever growing population, increasing food and fodder needs, natural resource degradation, higher cost of

inputs and concerns of climate change. A phenomenal increase in food grain production from 51 mt in

1950-51 to a record production of 241 mt of food grains in the year 2010-11 could be achieved using new

as well as improved technologies involving high yielding varieties, increase in cropping intensity, enhanced

use of fertilizers and other inputs. However, it is estimated that India would be requiring about 345 mt of

food grains by 2030 (GOI, 2009), implying that we have to ensure an increase of about 5.5 mt food grains

every year to achieve this target. On the other hand, the net cultivated area has hovered between 140 to

142 Mha since the last four decades with almost zero possibility of an increase in this area in future. It

is also a fact that highly productive lands have been diverted from agriculture to infrastructural

development, urbanization and other related activities. Under these circumstances, the only option is to

increase the productivity vertically. In view of these overriding concerns, cropping system research was

initiated through Project Directorate for Cropping Systems Research (now PDFSR) through its 69 centers

under AICRP-CS involving 37 on-station and 32 on-farm research units at national level in 1990.

The system based studies with special reference to identification of alternative cropping systems,

integrated nutrient management, tillage and crop establishments and other management practices in the

form of packages were developed/refined. The experiences of these studies during the last two decades

have clearly shown that the target of food grains is achievable with the use of system based improved

management practices. Information was generated for 69 NARP zones out of 132 representing all 15

Agro-climatic zones of the country but their documentation has been scanty. Therefore, an attempt has

been made to compile and synthesize all available information with special reference to production potential

and yield gaps, efficient alternative cropping systems, their package of practices and contingency planning

by involving all concerned for the benefit of researchers, planners, development agencies, and farmers.

During the process of this compilation, the cooperation and help extended by Chief Agronomists, scientists

and other associates are duly acknowledged. The continuous encouragement extended by Dr. A. Ayyappan,

Secretary, DARE and Director General, ICAR for bringing out this publication was a source of great

inspiration to us.

B. Gangwar

Anil Kumar Singh
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Introduction

INTRODUCTION

Green revolution provided the much needed food
security to the vast population of the Indian Nation but
in spite of being one of the top producers of almost all
agricultural commodities the productivity is very low
when compared to international standards. The fatigue
in the post-green revolution era is now a matter of
serious concern. For achieving the required production
targets to feed more than 1.5 billion in 2050, it is
imperative to develop strategies that can sustain higher
levels of production without an adverse affect on the
environment. To maximize the production from the
available resources and prevailing climatic conditions,
need-based, location specific technology needs to be
generated. Delineation of agro-climatic zones based
on soil, water, rainfall, temperature etc. was considered
as the first essential step for sustainable production.

Failures of many agricultural developmental
projects in various parts of the world were linked with
the failure to assess and classify agro-climatic
conditions properly.  According to FAO, an agro-
climatic zone is a land unit defined in terms of major
climate and growing period suited for a certain range
of crops and cultivars.  Planning Commission (Khanna,
1989) had identified fifteen resource development
regions in the country with fourteen regions in the main
land and the remaining one in the islands of Bay of
Bengal and the Arabian Sea (Fig.1). The main objective
was to integrate plans of the agro-climatic regions with
the state and national plans to enable policy development
based on techno-agro-climatic considerations. In the
agro-climatic regional planning, further sub-
regionalization was possible based on agro-ecological

Fig. 1. Agro-climatic zones of India

Zone 1: Western Himalayan Zone
Zone 2: Eastern Himalayan Zone
Zone 3: Lower Gangetic Plains
Zone 4: Middle Gangetic Plains
Zone 5: Upper Gangetic Plains
Zone 6: Trans Gangetic Plains
Zone 7: Eastern Plateau & Hills
Zone 8: Central Plateau & Hills

Zone 9 : Western Plateau & Hills
Zone 10: Southern Plateau & Hills
Zone 11: East Coast Plains & Hills
Zone 12: West Coast Plains & Hills
Zone 13: Gujarat Plains & Hills
Zone 14: Western Dry Zone
Zone 15: Island Zone
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parameters. As such, National Agricultural Research
Project (NARP) was launched by ICAR for initiating
agricultural research in the agro-climatic zones of the
country. The objective was to set up or upgrade a zonal
research station in each agro-climatic zone for
generating location specific, need based research
targeted for specific agro-ecological situations. The
focus was on analyzing agro-ecological conditions and
cropping patterns and come out with a programme
directly targeted to solve the major bottle necks of
agricultural growth in a zone based on natural
resources, major crops, farming systems, production
constraints and socio-economic conditions prevalent
in that zone. Stress was on technology generation. In
NARP, the country was divided into 126 agro-climatic
zones. Later on three zones for Andaman & Nicobar
Islands and two zones for Pondicherry were added.
Agro-climatic zones corresponding to each of the 15
agro-climatic regions as defined by NARP were
identified.

The National Bureau of Soil Survey & Land Use
Planning (NBSS&LUP) came up with twenty agro-
ecological zones based on the growing period as an
integrated criteria of effective rainfall, soil groups,
delineated boundaries adjusted to district boundaries
with a minimal number of regions. Subsequently, these
twenty agro-ecological zones were sub-divided into 60
sub-zones. Technically sound zones, but have limitation
in implementation of the specific programmes due to
administrative overlapping of boundaries involving parts
of different districts/ blocks of two states representing
sub-zones.

The Project Directorate of Cropping Systems
Research, Modipuram, Meerut (presently renamed as
Project Directorate of Farming Systems Research) has
been coordinating research on cropping system at
national level through its centres located in differnt parts
of country (Fig. 2). In fact, considerable amount of
data could be generated under All India Coordinated
Research Project on Cropping Systems (AICRP on
CS) since its establishment in 1989. The work was
carried out through its 69 centres consisting of 37 on-
station and 32 on-farm centres representing different
agro-climatic zones/NARP zones/states/selected

districts. The volumeneous scientific data could be
generated through its on station experiments related to
identification of need based cropping systems, nutrient
management, crop establishment, tillage management,
water management and other management practices
supported with on-farm experiments. It was imperative
to analyze and synthesize the information to address
zone-wise constraints and evolve strategies for future
agricultural production. Therefore, to address various
research and agricultural developmental issues with
reference to different agro-climatic zones, sub-zones
including NARP zones, the system based technological
information was synthesized. The predominant cropping
systems were identified, constraints addressed,
production potential estimated and matching
technologies as package of practices for identified
efficient alternative cropping systems prepared for
ready reference of planners and farmers of different
states, agro-climatic zones. The details of agro-climatic
regions and states alongwith districts with other basic
features are given in Annexure-I while the selected
features of sub-zones are given in Annexure-II.  The
predominant cropping systems and production potential
with better management are detailed in table-1.  The
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Table 1 : The prevalent cropping systems and their yield potential in the 15 agro-climatic zones.

State Agro-climatic Predominant Yield potential Recommended NPK
zone cropping system (t/ha) (kg/ha)

Kharif Rabi Kharif Rabi

J & K I. Western Himalayan Region Rice-wheat 5.64 4.45 120:60:30 100:50:25
Himachal -do- Maize wheat 4.50 3.16 120:60:40 120:60:30
Pradesh
Uttarakhand -do- Rice-wheat 5.90 5.70 120:60:30 150:60:0

Assam II. Eastern Himalayan Region Rice-rice 3.83 4.19 80:40:40 80:40:40

West III. Lower Gangetic Plains Rice-rice 4.46 5.75 80:40:40 120:60:60
Bengal Region

Uttar IV. Middle Gangetic Plains Rice-wheat 4.32 5.38 120:60:60 120:60:40
Pradesh Region
Bihar -do- Rice-wheat 5.21 4.54 100:40:20 120:60:20

Uttar V. Upper Gangetic Plains Rice-wheat 5.50 5.20 150:60:60 150:60:60
Pradesh Region

Punjab VI. Trans Gangetic Plains Region Rice-wheat 6.18 5.35 120:30:30 120:60:30
Haryana -do- Pearl millet-wheat 2.71 5.50 125:60:0 150:60:0

Chhattisgarh VII. Eastern Plateau & Hills Rice-fallow 5.72 — 120:60:40 —
Region

Jharkhand -do- Maize-wheat 3.50 4.20 80:40:20 100:40:20
West Bengal -do- Rice-rice 4.30 5.50 80:40:40 120:60:60
Orissa -do- Rice-pulses 4.51 — 80:40:40 20:60:40

Madhya VIII. Central Plateau & Hills Soybean-wheat 2.50 4.56 20:60:20 120:60:40
Pradesh Region
Uttar -do- Fallow-wheat — 3.50 — 80:60:20
Pradesh
(Bundelkhand)
Rajasthan -do- Pearl millet-wheat 2.30 4.47 90:30:0 90:30:0

Madhya IX. Western Plateau & Hills Soybean-wheat 2.50 6.20 20:60:20 120:60:40
Pradesh Region
Maharashtra -do- Sorghum-wheat 4.66 4.38 80:40:40 00:50:50

Andhra X. Southern Plateau & Hills Rice-rice 6.03 4.80 120:60:60 120:60:60
Pradesh Region
Tamil Nadu -do- Rice-rice 6.00 6.82 125:50:50 150:60:60

Orissa XI. East Coast Plains & Hills Rice-rice 5.79 5.91 80:40:40 100:50:40
Region

Andhra -do- Rice-rice 5.48 5.90 60:40:20 120:60:40
Pradesh
Tamil Nadu -do- Rice-rice 5.51 5.50 125:50:50 150:60:60

Kerala XII. Western Plains and Ghat Rice-rice 4.79 3.44 90:45:45 90:45:45
Region

Karnataka -do- Rice based 4.58 — 120:60:40 —
Maharashtra -do- Rice-rice 6.45 3.50 120:60:40 120:60:40

Gujarat XIII. Gujarat Plains & Hills Groundnut-wheat 2.50 5.14 15:25:0 120:60:0
Region

Rajasthan XIV. Arid Wetern Plains Region Pearlmillet-Wheat 2.55 4.33 60:30:0 45:45:0

A & N XV. Island Region Rice-fallow 4.10 — 120:60:40 —
Islands

specific zonal recommendations and package of
practices as identified/ refined over the years through

cropping systems research are discussed in detail under
following chapters.
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ZONE 1. WESTERN HIMALAYAN REGION

This zone consists Jammu & Kashmir, Himachal Pradesh and Uttarakhand states. Three main
centres and three on-farm centres of All India Co-ordinated Research Project on Cropping
Systems exists representing six NARP zones of the three states. The scientific information
generated through Cropping Systems Research centres in these states has been discussed here
in respect of the following zones.

● Agro-climatic zones of Jammu

● Mid and low hill zones of Himachal Pradesh

● North-Western plains of Uttarakhand

* Contributed by Dileep Kachroo, Manpreet Kour, P. Kumar and N.P. Thakur, Farming System Research Centre, Sher-e-Kashmir University
of Agricultural Sciences and Technology of Jammu, Main Campus Chatha, Jammu-180009 (India)

AGRO-CLIMATIC ZONES OF JAMMU*

The state of Jammu and Kashmir with
geographical area of 101387 sq. km (excluding area
under occupation of Pakistan and China), extending
over 32o-17/ and 37o-5/N and 73o-26/ and 80o-30/E
with an altitudinal variation of 300-5400 meter above
sea level, constitutes about 67.5 percent of North
Western Himalayan region. The entire territory is a
mass of mountain ranges with only a fraction of total
geographical area available for cultivation of crops
which is located in outer plains at the southern
extremity and plain areas of Himalayan valleys. The
state resources of agriculture have a high potential,
not only for having a higher rate of growth per se, but
also for helping other sectors of economy which are
directly and indirectly dependent on agriculture
(Masoodi, 2003).

Jammu & Kashmir state comprises of 4 distinct
agro-climatic zones. These are sub-tropical,
intermediate, valley temperate and cold arid. Rice and/
or wheat form one of the important crops in most of
these agro-climatic zones. In the subtropical zone,
wheat is being sequenced with rice, whereas in
temperate zone, there is a serious limitation by way
of restricted growth duration for the system. In
intermediate zones however, the predominant cropping

Table 1. Major crops grown in different zones

S. No Zones Districts Crops

1 Subtropical Jammu & Wheat, Pulses,
Rajouri Rice

2 Intermediate Poonch, Maize, Wheat
Udhampur &
Kathua

3 Temperate Part of Udhampur Rice,
& Doda District Oilseed, Wheat

4 Cold arid Leh Small millets,
Wheat, fodder

system is maize-wheat. The main crops grown in these
zones are depicted in Table 1. Rice-Wheat cropping
system is predominant in subtropical and temperate zones
of Jammu region (Hasan and Kanth, 1999).

Jammu Division of J&K State comprises of about
11725 and 526319 ha of area under rice and wheat,
respectively. The average yield of both rice and wheat
realized is about 16.33 and 18.92 q/ha, respectively
(Anonymous, 2006-07).

Reasons for wide adoption of rice-wheat system

Diversity in the climatic regions of the state is
further coupled with the habits of the people inhabiting
different regions. The Kashmir division is
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predominantly a rice eating area. On the other hand,
Jammu region is s chapatti-consuming area with
substantial suplementatition through rice. Thus both
rice and wheat are important food grain crops of the
state. Several other forces all operating interactively
at micro level, have made this system most favorable
these include Infrastructure facilities (Irrigation,
transport, storage, trade and marketing, post harvest
handling and processing), Socio-economic factors
(Financial resource base, land ownership, size and type
of land holding, household needs of food, fodder, fuel,
fiber finance, labour availability etc.) and
Technological factors (improved varieties, cultural
requirements, mechanisation and plant protection).
Thus rice-wheat cropping system is widely adopted
on the basis of geographical location and food habits
by the habitants of the area.

Ill-effects of rice-wheat Cropping System

The continuous cultivation of rice-wheat cropping
system has also created many problems related to low
water use efficiency, land degradation problems.
indiscriminate exploitation of groundwater, in-efficient
land use, decline in factor productivity, imbalance in
fertilizer use, build up of diseases, pests and concerns
of environmental quality (Prasad and Nagarajan,
2004).

Low water use efficiency is apparently attributed
to excessive use of water and non adoption of
appropriate cropping system. Due to continuous
adoption of rice-wheat cropping system , indiscriminate
exploitation of ground water has been observed which
has revised concerns about the long-term sustainability
of rice-wheat cropping system besides in-efficient land
use. Efficiency has to be improved by introducing
diversified cropping system this may also help in
improving in factor productivity and farm profitability.

Another problem is imbalanced fertilizer use which
has accentuated by intensive cropping and excessive
nutrient removal by crops from soil causing a negative
balance of nutrients in soil. If this trend continues, a

serious threat persists for sustainability of the major
cropping systems of irrigated areas. Due to continuous
cereal-cereal cropping in most of the irrigated fertile
lands during post green revolution period, multiple
nutrient deficiencies have emerged. The long term
experiments have clearly shown a decline in organic
carbon, N and P in cereal-cereal intensive cropping
system. Farmers have developed tendencies to use
higher doses of nitrogenous fertilizers, may be because
N is comparatively cheaper than P and K, which has
resulted in widening of N: P and N: K ratios to
undesirable levels.

Due to high input use in cereal-cereal cropping
systems, occurrence and build up of some obnoxious
pests and diseases has been observed, which hinder
vertical production and threaten the sustainability of
the environment under intensive input use. Heavy
infestation of Phalaris minor in continuous rice-wheat
cropping system in Jammu region is another cause of
concern.

Therefore, the concerns for environmental quality
due to pressing need for producing more and more
from less and less land resources is a serious threat.
A potential danger may be envisioned in the form of
pollution of natural water bodies and underground
aquifers due to nitrate leaching and phosphates causing
irreparable harm to natural ecosystems under high
fertilizer use without improving their efficiencies.
Hence inclusion of efficient alternative cropping system
in place of rice-wheat is the need of the hour.

Production potential and yield gaps

A presual of the data (Table 2), revealed that the
average maximum yield of rice and wheat was
observed in experimental trials at Chatha, whereas the
Jammu region of J&K state recorded the lowest
average yield. Hence, there is huge yield gap ranging
from 27.1 to 38.7 q/ha in rice and 13.2 to 22.7 q/ha in
wheat which can be bridged through use of various
improved practices.
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Efficient alternative cropping systems

Based on studies conducted under the AICRP at
Jammu centre, the most efficient alternative cropping
systems identified are discussed below.

I.  Sub-tropical zone (Irrigated areas of
   Jammu region)

Rice (var. PC-19) - Marigold (Var. Pusa Narang)
- French bean (var. contendor) sequence: This
sequence has been recommended as the most
economical one earning a net profit of Rs. 167990/
ha/year, i.e. a system profitability of Rs. 460/ ha/day
with a benefit- cost ratio of 2.90 and land use
efficiency of 84%. This sequence generated on farm
employment for 307 days in a year (Table 3-6).

The apparent nutrient use efficiency has been
worked out as 41.52 kg/ha with an NPK uptake of
62.04, 14.43 and 85.63 kg/ha. It has also been realized
that the sequence is most sustainable as no negative

trends were observed in terms of soil health and the
improvement of soil organic carbon content from initial
value of 0.55 % to 0.58% has been observed over a
period of five years.

Rice (IET-1410) – Potato (K. Badshah)/Cabbage
(Golden Acre) – Onion (N-53): Two other cropping
sequences, rice-potato-onion and rice-cabbage-onion
were also identified as profitable and sustainable
sequences for realizing higher productivity in terms of
REY of 29.5 and 24.17 t/ha/year and net returns of
Rs.1,48498 and Rs.1,31293/ha/year with B:C ratio of
2.12 and 2.66, respectively, over existing rice-wheat
system with REY of 11.3 t/ha, net return of Rs. 32492
and B:C ratio (1.22) under irrigated conditions of
Jammu region.

The land use efficiency under rice- potato-onion
and rice-cabbage-onion was recorded as 80% and
84%, respectively which was at par with rice-
marigold-French bean system (85%). However,
energy value in terms of energy use ratio, was only

Table 3. Grain yield, REY and economics in rice-wheat cropping system under varying treatments in diversification
experiment during 2007-08

Crop sequence(s)  Economic yield (q/ha) REY Total net System B:C
(t/ha) returns profitability Ratio

Kharif  Rabi  Summer (Rs./ha/year) (Rs/ha/day)

 Rice-wheat 49.8 41.0 - 11.3 68600 188 2.58

 Rice-Potato-Onion 35.4 150.0 165.0 29.5 148500 406 2.12

Rice-Merigold-Frenchbean 39.4 55.8 63.6 30.1 168000 460 2.90

Rice-Cabbage-Onion 32.3 98.8 120.0 24.2 131800 361 2.66

Table 2. Production potential and Yield gaps

Years Maximum yield of Average yield (q/ha) Yield gap
experiment (Jammu district) (q/ha)

(q/ha)

Rice Wheat Rice Wheat Rice Wheat

2003-04 48.67 31.42 17.48 18.21 31.19 13.21

2004-05 43.20 35.54 16.21 19.10 27.08 16.44

2005-06 50.15 41.00 16.02 18.27 34.13 22.73

2006-07 55.00 41.25 16.33 18.92 38.67 22.33

2007-08 54.86 36.49 - - - -
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 Table 4. System efficiency, energy use pattern and nutrient use productivity under diversified cropping systems

Crop Sequences Duration Land use Productivity Total Input Total Output Energy Apparent
of crops Efficiency (kg/ha/day) Energy Energy Use Nutrient use

(days (%) (MJ/ha) (MJ/ha) ratio productivity
(kg/ha)

Rice-wheat 257 70.4 49.4 23651.3 220896 9.34 32.73

Rice-Potato-Onion 291 79.7 158.1 60669.5 186169 3.07 49.17

Rice-Merigold-Frenchbean 307 84.1 98.1 33583.0 147436 4.39 41.52

Rice-Cabbage-Onion 308 84.4 78.5 39446.4 161039 4.08 44.76

Table 5. Changes in soil properties over initial status after 5 years

Treatments After Rabi 2007-08

Soil pH Org. C Available nutrients (kg/ha)

(1:2.5) (%) N P K

Rice-wheat 8.13 0.53 203.87 19.94 112.01

Rice-Potato-Onion 8.11 0.59 218.80 19.60 124.76

Rice-Merigold-French bean 8.09 0.57 220.07 19.82 128.24

Rice-Cabbage-Onion 8.09 0.54 227.84 21.56 131.76

Initial 8.10 0.55 216.23 23.00 118.98

Table 6. Nutrient uptake by rice (grain + straw) as affected by different treatments during kharif 2007

Treatments Nutrient uptake (kg/ha)

N P K Total

Rice-wheat 77.79 15.37 102.23 194.39

Rice-Potato-Onion 57.78 14.27 83.99 156.04

Rice-Merigold-French bean 62.04 14.73 85.63 162.40

Rice-Cabbage-Onion 67.07 14.69 82.07 163.83

3.07 and 4.08 over existing rice-wheat system
(9.34).

There was no change in soil pH and available N
while soil organic carbon and available K showed slight
increasing trends compared to initial values, whereas
in case of existing rice-wheat system, a negative trend
in available N, K and soil organic carbon was
observed. The apparent nutrient use was 49.17 kg/ha
and 44.76 kg/ha in rice-potato- onion & rice- cabbage-
onion sequences.

II. Intermediate Zone (Kathua, Udhampur and
Reasi region)

Maize + Blackgram-potato-onion: The maize +
Black gram-Potato-Onion was found to be the most
promising sequence at all the locations under different
farming situations. This sequence gave maximum
maize equivalent yield of 275.5 q/ha in FS-1, 317.7 q/
ha in FS-2 and 301.5 q/ha in FS-3. With the highest
net return of Rs. 149885/ha, 187424 and 158382/ha
in FS-1, FS-2 and FS-3, respectively (Table 7).
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Package of Practices

The package of practices for the crops involved
in efficient cropping systems (rice-marigold-french
bean, rice-potato-onion and maize + blackgram-potato-
onion are discussed here.

Rice

Soil requirement: Clay loam

Varieties: Rice (PC-19)

Seed Rate and sowing time: Rice (40 kg/ha),
Rice transplanting (10th –20th July)

Nursery raising: Prepare raised 10 sq.m. nursary
beds. Mix well rotted FYM @15kg/bed. Sow the
seeds in lines 5 cm apart and 3cm deep. Cover the
seeds with a thin layer of soil and irrigate upto 3/4th

height of seed bed. Again irrigate upto 5 days of
germination. Keep the seedlings free from weeds
either with hand weeding or by herbicide application
i.e Butachlor 5 g @30kg/ha after the emergence of
first leaf in sprouted seeds or pretalachlor @ 0.4 a.i
kg/ha.

Age of transplanting: 20-25 days old.

Land preparation: Plough the land and open it
for few days. Put water in the field and puddle it to
obtain fine puddle 3 times and level the land thoroughly.
Incorporate the basal dose of fertilizer during puddling.

Fertilizer dose and application (kg/ha): Apply
5-8 tonnes of FYM or 5 tonnes of crop residues mixed
with Trichodermae viridae or 3 tonnes of
vermicompost at the time of land preperation once in

a cropping year. Ensure application of 120: 60:25
N:P:K/ha in rice. Apply full quantity of DAP, MOP
and 1/3 rd of N through urea at the time of puddling
and incorporate fertilizer in the soil thoroughly and
remaining N be top dressed in two equal splits- one
at mid tillering stage i.e. 25-30 DAT and the other just
before the panicle initiation stage. Drain off the water
if possible before top dressing of fertilizer.

Transplanting : When puddle settles, transplant
the seedlings 3 to 5 cm deep. Shallow transplanting
ensures better establishment of plants and early
tillering. Plant two seedlings/hill.

Spacing: Maintain appropriate spacing for Rice
(20x10 cm)

Irrigation and water management : Maintain
5 cm water till 5 days after transplanting. Resume
irrigation when chain size cracks develop on soil
surface and then follow alternate wetting and drying
till maturity. Stop irrigation three weeks before harvest
for uniform and early ripening of the crop. Even so
much so use of tensiometers at 150 suction are the
best indicators for application of irrigation water.

Inter culture and weed control : Apply
Butachlor 5 g @30 kg/ha after 3-5 DAT in standing
water 2-3 cm deep. Don’t drain field for one week
after application of herbicide.

Plant protection : For control of Leaf hoppers
and Plant hoppers, apply Endosulphon 30EC@1.5 L/
ha while for Grass hopper control apply 5% dust @25
kg/ha.

Harvesting and threshing : Harvest the rice
crop when 80 % of the grains are of golden colour.

Table 7. Mean yield and economics of Maize+Blackgram-potato-onion at various locations

Yield kg/ha System yield Net Benefit

Kharif Rabi Summer MEY q/ha Returns cost ratio

Kathua (FS-1) 3386+282 5094 - 233.2 123861 2.61

Udhampur (FS-2) 3114+292 6334 - 276.3 139824 2.67

Reasi (FS-3) 2930+279 5755 - 252.3 135229 2.61
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Yield: Good harvest of Rice (32-35 q/ha)

Marigold

Varieties: Marigold (Pusa Narangi)

Seed rate and sowing time: Marigold (1 kg/ha),
Marigold transplanting (10th-20th Oct)

Nursery preparation: Well rotten FYM should
be mixed in the nursery bed @ 10 kg/sqm. The bed
is kept raised (15 cm) so as to provide proper drainage
of excess water. A bed size of 1.25x3 m are prepared
for proper hoeing and weeding. Soil treatment should
be done by drenching the bed soil with Bavistin (0.1%)
5 days before sowing the seed.

Seed sowing: Line to line distance 5 cm.

Depth of sowing: 2-3 cm.

After care: Close the opened rows with the pure,
mixture of FYM, soil and sand (50:25:25). Cover the
surface with crop residue. After seed germination
(after 4-5 days) if temperature is 20-24oc) remove the
mulch cover. Provide water as required with fountain.

Age of transplanting: 4 to 5 leaves/seedling or
20-25 days old seedling.

Fertilizer dose and application (kg/ha):
120:100:100 kg/ha in marigold. Apply 120 kg N, 100
kg P

2
O

5
 and 100 kg K

2
O/ha. Half dose of N with full

dose of P
2
O

5
 and K

2
O is applied as basal dose. Rest

of N dose is given in the form of two top dressings,
one after 25 days and second after 50 days of
planting.

Transplanting : Transplant the Marigold seedling
in rows.

Spacing: Marigold (40x40 cm)

Irrigation and water management : 4-6
irrigations are required for higher yield. During January
the crop should be irrigated to protect from frost.

Inter culture and weed control : Hand
weeding after 20 days of sowing should be done to

make plots weed free or use of pendemathalin as PPI
@ 1 kg a.i has shown the best results.

Plant protection : Leaf spot disease spray with
mancozeb (2 g/L of water) at 15 days interval. To
control pests, spray 0.2 % Malathion and Endosulphon
1.5 ml/liter.

Harvesting and threshing : Ist picking should
be done when flowers are fully blossom and attain full
size depending upon variety.

Yield: Marigold (40-42 q/ha)

Frenchbean

Varieties: Frenchbean (contender)

Seed rate and sowing time: Frenchbean (85 kg/
ha), Frenchbean (20th-25th Feb)

Fertilizer dose and application (kg/ha):
50:100:50 kg MPK/ha in Frenchbean. The NPK
should be placed in bands about 7-8 cm at the time of
sowing.

Transplanting : To obtain good seed bed, plough
the bed thrice and make ridges at a distance of 60
cm apart and then sow the seed on the ridges.

Spacing: Frenchbean (60x10 cm).

Irrigation and water management : Beans are
shallow rooted and sensitive to excess moisture.
However, optimum soil moisture should be made
available at the time of fruit set and pod development.
Therefore 2-3 irrigations are required for higher yield.

Inter culture and weed control : Hand
weeding should be done twice at an interval of 20 days
after sowing to keep crop weed free.

Plant protection : Spray Endosulphan 35 EC 1.5
L/ha for control of aphids and pod borer.

Harvesting and threshing : The pods are ready
for harvest two to three weeks after the first blossom
or in about 45 days after sowing.
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Yield: Frenchbean yield of 60-65 q/ha is expected
with package of practices detailed above.

Time of Harvesting

Crop 1st picking 2nd picking Harvesting

Rice - - 5-10 October

Marigold 12-15 Dec. 25-30 Dec. 15-20 February

Frenchbean 18-22 April 26-28 April 15-20 May

Potato

Varieties: Potato (K. Badshah)

Seed Rate: Potato (2000 kg/ha)

Sowing time: Potato (10-20 Oct.)

Land Preparation : For planting of potato after
harvest of rice, prepare the land very well and ensure
application of 10-15 t/ha of FYM which should be
applied at the time of  land preparation. Three four
harrowing cross earthing followed by levelling are
desirable. For onion too, land needs to be preparaed
well by harrowing twice followed by planking.

Fertilizer dose (kg/ha): Ensure application of
potato 120:60:120 (kg.ha N:P:K)

Fertilizer application : Half of N, Full dose of
P and K should be applied at the time of sowing and
remaining dose of N is top dressed at earthing.

Transplanting : The seed should be planted in
lines at a proper distance on ridges about 6-7.5 cm in
height, depth of sowing should be 5-6 cm.

Spacing: Maintain appropriate spacing for Potato
(60x20 cm)

Irrigation and water management : The first
irrigation should be applied about 3-4 days
transplanting. For higher yield, repeated and light
irrigations should be applied and irrigation should be
withheld 15 days before harvesting.

Interculture : First hoeing should be done 20-25
DAP. The second hoeing be done when the crop is

15-20 cm high i.e 30-35 DAS along with earthing up.
Simazine 50% wp @ 500 g/ha should be applied as
pre-emergence application after the first irrigation.

Plant Protection : For control of late blight give
one prophylactic spray 30-40 DAS with Mancozeb
(0.25%). Give at least one spray of 0.25 % Metalaxyl+
Mancozebon on appearance of disease.

Harvesting & threshing : The crop should be
harvested as soon as foliage mature. After harvest,
the tubers are surface dried and kept in heaps for 10-
15 days for skin curing. The potato should be graded
into different sizes and packed in gunny bags according
to grade and kept in cool place.

Harvesting : Ensure timely harvest of Potato
(10-15 Jan)

Onion

Varieties: Onion (N-53)

Seed Rate: Onion (10 kg/ha)

Sowing time: Onion (15-20 Jan) during optimum
period.

Nursery Raising : Prepare raised 3m x 0.6m
upto 15-25 cm with a distance of 70cm between the
beds. Seeds are sown in lines 4-5 cm apart and not
more than 2-3 cm deep. After sowing beds are
mulched with straw to preserve soil moisture. Light
irrigation should be provided as when required. Once
the seeds have germinated the mulch material should
be removed. 8-9 weeks old seedlings are planted at a
space of 15 cm x 7.5 cm.

Fertilizer dose (kg/ha): 100:50:50 (kg/ha N:P:K
in onion).

Fertilizer application : Full dose of phosphorous
and Potash and half dose of N should be applied
before transplanting and remaining dose of N is top
dressed after about a month after transplanting i.e.
before initiation of bulbs.

Transplanting : The transplanting of Onion should
be done in lines at a spacing of 15x7.5 cm



Western Himalayan Region

11

Spacing: Onion (15x7.5 cm)

Irrigation and water management : One light
irrigation given immediately after transplanting for
proper establishment of seedlings. Frequent irrigations
should be provided at 7-10 days interval. About 15
irrigations are required. The most important stage of
irrigation is bulb formation stage and negligence at this
stage results in cracking of bulbs and low yield.

Interculture : Onion is shallow rooted crop.
Interculture operations should be done with Khurpi.
Apply stomp 30 % EC @ 2.5 lit/ha immediately after
transplanting or before first irrigation followed by one
hoeing to control the weeds effectively.

Harvesting & threshing : Crop is harvested
when tops of onion dry and fall. Bulbs can be stored
under well-ventilated storage structures with low
temperature (23.9o to 29.4o) and dry atmosphere for
5-6 months without sprouting and without excessive
loss of weight.

Harvesting : Onion (15-20May).

Yield

With improved package of practices a good yield
of Rice (32-35 q/ha), Potato (150-200 q/ha) and Onion
(140 q/ha) can be harvested. In rice equivalent terms
a productivity of 14.3 t/ha/year can be harvested
assuming sale price of potato @ Rs. 300/q and Rs.
400/q for onion and Rs. 1000/q for rice.

Contingent Planning

● Promote use of decision support system as
risk management tools.

● Agro meteorological services and support
systems for agro meteorological services
should be strengthened for effective
management of weather and climate risks .

● The field shall be well drained. Wells in the
field may be established for checking the
stagnation of water due to excessive rainfall.

● Risk assessment and risk management models
supporting coping strategies for integrated pest
management could be used in a protype
conceptual framework that can be utilized in
crop production practices.

● In case of frost during the winters, the
Marigold crop gets effected which may be
overcomed by irrigating the field through use
of sprinkler irrigation.

● A scientific desertification monitoring and
evaluation system involving all appropriate
sectors including agriculture, forestry, water
conservation, environmental protection,
meteorological and natural resource
conservation should be established.

● In case of non-availability of fertilizers, more
and more vermi compost pits shall be
established on the farm, which will ensure its
supplemental supply.

● The fertilizers must be placed near the root
zone by opening furrows along the line in rows
rather than broad casting.

● The crop diversification models are linked with
the demand of the market, hence effective
marketing trend may be explored.
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MID AND LOW HILL ZONES OF
HIMACHAL PRADESH*

Himachal Pradesh situated in North Western
Himalayas has about 5.56 million ha geographical
area. Out of this hardly 10 per cent is available for
cultivation, supporting 68 lakh human population.
Consequently, per capita land availability including
agricultural land is only 0.81 ha. In this hilly state,
more than 64% of total holdings are marginal having
less than 0.1 ha land. Cereal based cropping systems,
namely, rice-wheat and maize-wheat are
predominant, occupying more than 80% of the total
cultivated area. Cultivation of these cereal crops on
a marginal land holdings, are usually not profitable
and economically viable unless grown under
recommended package of practices.

The state of Himachal Pradesh is bestowed with
unique agro-climatic conditions ranging from low foot-
hills to snow bound high hills. Therefore, there is great
scope for cultivation of off-season vegetables and fruits,
which fetch reasonably good price and income to the
farmers. Traditionally, the farmers of Himachal Pradesh
have been growing oilseeds and to some extent pulses
in different cereal based cropping systems with
negligible investment on inputs, resulting in subsistence
farming.  However, over the years, with improvement
in transport and communication facilities coupled with
innovations in agriculture, farmers in some pockets are
shifting to vegetable and fruit production. In the irrigated
areas, there is tremendous scope for crop
diversification from the rice-wheat cropping system to
some sustainable vegetable based ones. Hence, there
is urgent need to evaluate and develop sustainable rice/
vegetable based cropping systems for small and
marginal farmers.

Production potential and yield gaps

Yield gap can be classified into two categories
(Table 1). Yield gap I is the difference between the
yield obtained on the experimental station and that
obtained in the on-farm experiments (considering
highest yield during the last five years). In the present
study, the yield gap I 59.1, 15.0 and 42.3% of the

* Contributed by H.L. Sharma, S.S. Rana, S.K. Sharma and S.K. Subehia, Department of Agronomy, CSK Himachal Pradesh Krishi
Vishvavidyalaya, Palampur 176 062, India

potential yield for rice, wheat and maize, respectively.
This gap is due to environmental factors, which cannot
be managed by the farmers. Yield gap II is the gap
between the maximum yield in on-farm experiments
and the average farm yield/state average yield. For
rice, wheat and maize, gap II was very high, which
was 63.3, 77.6 and 55.3%, respectively, of the on-farm
experimental potential yield. This gap is due to biological
(biotic), soil and water (abiotic) and sociological
constraints. Primary focus should be on yield gap II
that can be managed to minimize the yield losses at
farmers level.

Yield gaps between actual and experimental rice
yields under irrigation in major rice growing states of
India indicate that with exception of Tamilnadu (15%)
and Punjab (22%), the yield gap was in the range of
35 to 75% (Siddiq 2000). If the gap is taken as an
opportunity and efforts directed on priority for
narrowing the same, achievements of targeted
production growth would not be difficult. At national
level, the gap in yield levels between national
demonstration average and the national average is 0.6
t/ha in irrigated areas and 1.5 t/ha in rainfed areas.

The relative yield and relative spread indices of
three major crops (rice, wheat and maize) in the two
agriculturally important zones i.e. sub-montane and low
hills sub-tropical zone (Zone I) and mid hills sub-humid
zone (Zone II) have been given in Table 2. A perusal
of data reveals that in the low hills region (Zone I),

Table 1. Production potential and yield gaps

Particular Crop

Rice Wheat Maize

Experimental yield* 9497 5360 7139
(kg/ha) (2007-08) (2007-08) (2007-08)

“On-farm” yield 3887 4557 4117
(kg/ha) (2004-05) (2006-07) (2006-07)

State average yield 1413 1021 1839
(kg/ha) (2005-06) (2005-06) (2005-06)

Yield gap-I (%) 59.1 15.0 42.3

Yield gap-II (%) 63.6 77.6 55.3

*Maximum yield during the last five years
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both the indices of all the three crops worked out to be
more than 90, all the three crops are appropriately
cultivated in the efficient zone i.e. high yield and high
spread. However, in mid hills zone (Zone II), the spread
index of wheat was found to be less than 90 while the
yield index was greater than 90, which suggest that
area under wheat needs to be increased, so that it also
falls in high yield and high spread index category.

As indicated earlier, under the prevailing small and
marginal fragmented land holdings in the state, cereal
based cropping systems are not very much
remunerative to the farmers, compared to vegetables
and other cash crops. Therefore, even if all the crops
fall in high yield and high spread zone, it is not going to
be of much advantage to the farming community as
well as state agricultural production plan.

Major constraints

The major constraints limiting the productivity of
crops in HP are as under.

Technological constraints: Concerted research
efforts at Himachal Pradesh Krishi Vishvavidyalaya
have made it possible to come out with some worthwhile
crop production technologies for the benefit of farmers.
Initially, many extension agencies were engaged in
disseminating agricultural technologies among the
farming masses and it is jutified to assume that many
farmers would have adopted most of the
recommendations by now. However, farmers have not
succeeded in taking full advantage of these
technologies due to one or more reasons.

Singh et al. (1998) have reported that majority of
farmers in Himachal Pradesh apply fertilizers to rice,
wheat and maize far below the optimum requirement
of all the three basic nutrients (N, P

2
O

5
 and K

2
O).

Similarly, chemical weed control was being done only
in paddy and wheat by 44.2 and 20.4% of the farmers,
respectively. Seed treatment and plant protection
measures have been rarely used in all the three crops.
The major constraints affecting adoption of technologies
have been found to be high cost of inputs, lack of
awareness of new technology. The practice of not going
for chemical weed control at the right time is still
pervalent. Weeds are removed at the later part of the
crop growth to feed the cattle when critical period of
weed-crop competition is already over. Removal of
weeds at that time also causes severe yield reductions
because of crop being trampled over as compared to a
crop, which is left weedy until harvest.

Socio-economic constraints: Since farming is of
subsistence level, farmers take up multifarious activities
to supplement their earnings. Hence, agriculture gets
neglected. Majority of the farmers are resource poor
with low purchasing power whereas modern agricultural
technologies are capital intensive. The decision making
process in the rural areas is dominated by elders who
are tradition bound and less progressive in their outlook.
Hence, they were less enthusiastic towards new
technologies. Because of social and economic
diversities, it is very difficult for community efforts to
succeed in the villages.

An adequate and timely supply of inputs is
essential. The supply of good seed, fertilizers and
pesticides is either in short supply, delayed or not
available at all. Availability of easy farm credit has yet
not gained popularity. Regulated marketing facilities
are also not available for a little farm surplus.

New agricultural technologies are input intensive
and crop failures due to bad and uncertain weather or
floods hit the farmers hard. Farmers are either unaware
or not keen to take benefit of government initiatives in
this endeavour.

The experiences show that unless the technology
transfer is harmonized with input arrangements and
marketing of produce, efforts in teaching and
motivating farmers on improved technology will be

Table 2. Yield and spread indices of major crops of
Himachal Pradesh

Particular Relative Yield Relative Spread
Index (%) Index (%)

Mid hills

Rice 101.6 149.1
Wheat 93.8 86.8
Maize 102.0 98.0

Low hills

Rice 100.0 96.7
Wheat 106.8 101.4
Maize 95.2 106.2



Efficient Alternative Cropping Systems

14

wasted. Therefore, along with knowledge input,
farmers requirements of other inputs should be closely
monitored and assistance in marketing be provided.
Therefore, co-ordination between developmental,
supply and marketing agencies is must to maintain the
farmers’ tempo for increased agricultural production.
Every commodity, i.e. whatever the farmers’ produce,
should come under the umbrella of minimum support
price. The government should also think of maximum
pricing policy after value addition, farmers share of
the price the consumer’s pay and the middlemen which
take away a major share. Unless it is done, it is not
wise to think that the economic status of small farmers
will be raised to an acceptable limit.

Besides technological and socio-economic
constraints, there are a large number of physical
constraints as well as constraints in transfer of
technology.

Efficient alternative cropping systems

Mid hills

A six year study conducted under this project at
Palampur indicated the superiority of ‘rice-radish-
potato’ cropping sequence in terms of rice equivalent
yield (26102 kg/ha) (Table 3). This was mainly ascribed
to higher yield and price of radish as well as higher
production of potato grown in the sequence. This
cropping sequence (‘rice-radish-potato’) was followed
by ‘rice – pea- French bean’ (20242 kg/ha) and ‘rice-
potato’ (14042 kg/ha). The total energy output of the
main products was higher by 14.8% under ‘rice- radish
– potato’ (25.6 mega K cal) compared to the
conventional ‘rice-wheat’ cropping sequence.

Owing to better utilization of applied resources,
‘rice-radish-potato’ sequence recorded greater
productivity in terms of kg/ha/day (88.2) and
profitability as Rs/ha/day (307.0) (Table 4). This was
followed by ‘rice-pea-French bean’ and ‘rice-potato’
sequences both in terms of kg/ha/day as well as Rs/
ha/day. The land use efficiency ranged between 67.6
in rice-potato to 89.7% in rice-pea-French bean. ‘Rice
- pea- French bean’ and ‘rice-radish-potato’ sequences
occupied the land for longer duration and had higher
land utilization indices than ‘rice-wheat’ sequence.
‘Rice – potato’ was most inferior in respect of land
use, as the land remained idle for almost 4 months in a
year (118 days). ‘Rice-radish-potato’ was the superior
most cropping sequence both in terms of sustainable
yield index (0.64) and sustainable value index (0.48).
This was followed by ‘rice-pea – French bean’ and
‘rice- potato’ cropping sequences.

The economic analysis of the data revealed
superiority of ‘rice-radish-potato’ sequence in fetching
highest net return (Rs 90815/ha) than remaining
sequences (Table 5). The higher net return was
associated owing to higher yields. This was followed
by ‘rice-pea- French bean’ (Rs 72152/ha) and ‘rice-
potato’ (Rs 39174/ha) sequences. Rao and Willey
(1980) also opined that multiple cropping systems
especially with legumes offer special advantage and
reduce the probability of low income for small and
marginal farmers Thakur et al (1994) and Chaudhary
et al (2001) also reported higher net returns due to
multiple cropping systems. The net gain owing to ‘rice-
radish-potato’, ‘rice-pea- French bean’ and ‘rice –
potato’ was about 311, 236, and 77%, respectively,
higher over the prevalent ‘rice-wheat’ sequence.

Table 3. Yield and energy output under different crop sequences (mean of six years, 2000-01 to 2005-06)

Crop sequence Yield main product (kg/ha) REY Total energy

Rice Rabi I Summer (Rs/ha/year) (106 x k cal/ha/year)

Rice-wheat 3270 3165 - 7020 22.3

Rice-pea –French bean 3208 4089 4927 20242 16.2

Rice-radish-potato 3292 16590 11774 26102 25.6

Rice- potato 3190 11905 - 14042 22.6

LSD (P=0.05) 701 1.3

REY, rice equivalent yield
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As indicated by the Agro-eco-region (0.48-0.50),
a farmer cultivating ‘rice-wheat’ in one ha with
cultivation cost of Rs 27,757, when switches over to
alternative rice – vegetable – vegetable (‘rice-radish-
potato’ and ‘rice – pea - French bean’) cropping
sequence can cultivate half of the area with the same
amount. Consequently relative profit from these
alternative cropping sequences is also reduced to half
of that obtained from one ha. However, relative profit
was still higher by Rs 23291 and Rs 12516/ha/annum,
respectively, under ‘rice-radish-potato’ and ‘rice – pea
- French bean’. Their cultivation in half the area gave
2.05 and 1.57 times, respectively, higher profit than
cultivation of ‘rice – wheat’ in entire area. Thus by
switching over to cultivation of these alternative
copping systems, a farmer with resources just sufficient
for cultivation of ‘rice – wheat’ can spare half of his
land resource for some other economic activity.

In the present day context, unemployment is the
major problem confronting in the country. ‘Rice-radish-

potato’ engaged 146 additional man days/ha/annum
over the ‘rice –wheat’ sequence (Table 5). However,
‘rice – pea - French bean’ engaged highest number of
mandays/ha/annum (356.7). Fertilizer consumption
worth Rs 7037/ha/annum was highest (kg/ha/annum)
in ‘rice- radish- potato’, which constituted 13% of total
cost of cultivation compared with 17% in case of rice-
wheat sequence (Table 6). While, it was only 9% in
rice-pea-French bean sequence.

The higher recommended dose of nutrients tended
to increase dry matter accumulation and thereby higher
nutrient uptake by ‘rice – radish – potato’ cropping
sequence (Table 6). However, ‘rice – pea – French
bean’ was statistically equal to ‘rice – radish – potato’
in influencing N and P uptake. There was a slight build
up of N in ‘rice - pea - French bean’ and ‘rice-wheat’
cropping sequences, while build up of K was observed
in ‘rice - pea - French bean’ and ‘rice – potato’ (Table
7).

Table 4. Land use efficiency, production efficiency and sustainability of different crop sequences
(Pooled data from 2000 to 2006)

Crop sequence Duration Land-use efficiency (%) Production efficiency Sustainability Index

Kg/ha/day* Rs/ha/day** Yield Value

Rice-wheat 277.8 76 25.3 79.6 0.164 0.104

Rice-pea –French bean 327.5 90 61.8 220.3 0.473 0.373

Rice-radish-potato 295.8 81 88.2 307.0 0.640 0.481

Rice- potato 246.7 67 56.9 158.8 0.319 0.114

LSD (P=0.05)

* Based upon paddy equivalent yield; ** Based upon net return

Table 5. Economics and labour enganged under different crop sequences (mean of six years, 2000-01 to 2005-06)

Crop sequence Net return B:C Cultivation AER Relative profit Additional profit PER Labour* (Mandays/
(Rs/ha) ratio cost (Rs/ha) (Rs/ha) (Rs/ha) ha/annum)

Rice-wheat 22117 0.80 27757 - - - - 195.0

Rice-pea –French bean 72152 1.25 57860 0.48 34633 12516 1.57 356.7

Rice-radish-potato 90815 1.73 55026 0.50 45408 23291 2.05 341.0

Rice- potato 39174 1.01 43016 0.65 25463 3346 1.15 261.7

LSD (P=0.05) 4144 0.10 - - - - -

AER, area equivalent ratio; PER, profit equivalent ratio; * Based upon last three years
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Low hills

In the low hills subtropical zone of HP, rice
equivalent yield of the newly developed cropping
sequences viz. rice-onion, rice-potato-French bean and
rice-potato-potato was significantly higher than the
prevalent rice - wheat sequence (Table 8). Rice-potato-
potato and rice - potato - French bean cropping
sequences were relatively superior (rice equivalent
yield of 20371 and 20012 kg/ha, respectively) over the

other two systems. Rice-potato-potato, rice-potato-
French bean and rice-onion cropping sequences
resulted in higher rice equivalent yield by 197.3, 192.1
and 114.7%, respectively, over the rice-wheat system.

Rice - potato - potato cropping sequence excelled
over the rice-wheat sequence in terms of calories. Total
calories under this cropping system were 66.7% higher
than the rice-wheat system.

Table 6. Nutrients applied, value of fertilizers and nutrients uptake under different crop sequences
(Pooled data from 2000 to 2006)

Crop sequence Nutrients used (kg/ha/annum) Value of fertilizers Uptake (kg/ha)

N P K NPK (Rs/ha/annum) N P K

Rice-wheat 210 43.6 58.1 311.7 4702 176.1 31.6 71.2

Rice-pea –French bean 150 69.8 83.0 302.8 5480 298.1 52.8 144.9

Rice-radish-potato 310 65.5 91.3 466.8 7037 314.0 48.3 178.2

Rice- potato 210 43.6 58.1 311.7 4702 219.6 38.8 101.4

LSD (P=0.05) 48.5 9.7 22.4

* Based upon last three years

Table 7. Available nutrients status after the termination of the experiment

Crop sequence OC pH Available nutrients (kg/ha)

(%) N P K

Rice-wheat 0.68 5.7 517.9 56.5 196.7

Rice-pea-French bean 0.69 5.6 526.8 59.0 222.3

Rice-radish-potato 0.70 5.6 508.9 61.0 196.7

Rice- potato 0.68 5.7 511.9 59.5 222.3

Initial status 0.60 5.6 514.9 47.6 212

Table 8. Yield, energy output and land use efficiency under different rice based crop sequences in Una
(mean of 2004-05 to 2006-07)

Crop sequence Rice equivalent (kg/ha/year) Total calories(K x 106) Duration LUE (%)

Rice-wheat 6851 27.3 302 82.8

Rice-onion 14707 22.1 279 76.5

Rice-potato-French bean 20012 29.1 309 84.8

Rice-potato-potato 20371 45.5 325 89.1

LSD (P=0.05) 2217 2.9

K. cal./100 g: rice & wheat 346; potato 97; French bean 26; Onion 50.



Western Himalayan Region

17

Rice - potato - French bean (Rs 119793/ha/annum)
and rice-potato-potato (Rs 115428/ha/annum)
sequences fetched higher net returns than other
cropping sequences (Table 9) due to higher yields. Rice-
potato - potato sequence occupied the land for longer
duration and thus had higher land utilization efficiency
than rice-wheat cropping sequence. Rice –potato –
French bean and rice – potato - potato cropping
sequences recorded significantly higher production
efficiency (kg/ha/day) than other cropping sequences.
However,  ‘rice-onion’ was at par with these cropping
sequences in terms of profitability (Rs/ha/day).

dispersion. Puddling forms a compact layer (plough
pan) which restricts the percolation of water and create
temporary water logging resulting in poor root
penetration and growth of succeeding crops (Tomer
et al 2006).

The succeeding radish/potato should be sown after
deep ploughing. Digging of potato may reduce one
ploughing for the subsequent rice crop. The varieties
recommended, planting time, seed rate and planting
methods for rice-radish-potato and rice-potato-potato
is given in Table 10 & 11, respectively.

Table 9. Productivity and economics of different crop sequences (mean of 2004-05 to 2006-07)

Crop sequence Productivity Profitability Returns (Rs/ha/year)

(kg/ha/day) (Rs/ha/day) Gross Net

Rice-wheat 22.7 176.8 80237 53355

Rice-onion 52.6 376.2 141765 103484

Rice-potato-French bean 64.8 387.9 186899 119793

Rice-potato-potato 62.9 359.3 193477 115428

LSD (P=0.05) 7.3 42.4 11195 11632

From the above discussion, it can be concluded
that rice-radish-potato and rice-pea-French bean under
mid hill conditions and rice-potato-potato, rice-potato-
French bean and rice-onion under low hills were the
most productive and remunerative cropping systems
over the existing rice-wheat system.

Package of practices

For rice-radish-potato under mid hills and rice-
potato-potato under low hills.

Land preparation and seed sowing

Land preparation in rice begins with soil turning
plough followed by desi plough to make the soil friable.
Optimum moisture should be ensured at sowing under
dry seeding conditions. Puddling leads to deterioration
of soil physical properties through structural breakdown
of soil aggregates and capillary pores and clay

Manures and fertilizer application

Nutrient removal by crops depends on the cultivars,
soil moisture status, management levels and residue
management. An estimate shows that nearly one
quarter of soils are low suffer from in nutrients. Hence,
residues should be returned through recycling and soil
should be fertilized adequately to maintain balance of
soil nutrients. The timing of fertilization should depend
on the crop need. The peak need is either at tillering
(rice), grand growth phase or peak flowering. N
fertilizers are applied in 2-3 splits depending on the soil
type and the cultivars. Even P and K are applied in
split doses in sandy soils. Popular methods of fertilizer
application are broadcasting, side banding, seed dressing
and top dressing. Placement of N fertilizers has to be
viewed differently due to its high mobility in plants and
soil. Fertilizers can be placed at 2.5 to 5 cm deep and
2 to 5 cm away from the seed. Apart from broadcasting,
other methods of application include foliar fertilization,
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Table 11. Land preparation and seed and sowing of different crops in Rice-Potato-Potato cropping sequence under low hills

Particulars/Operations Rice Potato Potato

Land prepartion time May-July September -October January

No. of tillage 3 3-4 1-2

Varieties & duration IR-579 (140 days); HKR-126 Pukhraj; Kufri Chandramukhi Kufri Chandramukhi (110-
(135-140 days); RP 2421 (120- (110 days) 130 days), Kufri Jyoti (130-
125 days)VL Dhan 221 (105- 150 days)
110 days)

Sowing time Nursery:20 May-7 June September-October Mid January
Transplanting: 15 June-7 July

Seed rate (kg/ha) 20-25 2000-2500 2000-2500

Sowing method Transplanting Ridge sowing (50-60 cm x Ridge sowing (50-60 cm x
15-20cm) 15-20cm)

Table 10. Land preparation, seed and sowing of different crops in rice-radish-potato under mid hills

Particulars/Operations Rice Radish Potato

Land preparation time May-July October end Dec.-Jan

No. of tillage 3 3-4 2-3

Varieties & duration HPR-1068 (95 days); HPR- Japanese white (60 days); Kufri Chandramukhi (110-
2143 (125-135 days); HPR – Chinese pink (45); Palam hridey 130 days), Kufri Jyoti (130-
1156 (110-120 days); RP 2421 (50 days); white cicycle 150 days)
(120-125 days)Palam Dhan 957

Sowing time Nursery:20 May-7 June October Mid January
Transplanting: 15 June-7 July

Seed rate (kg/ha) 20-25 6-8 2000-2500

Sowing method Transplanting Ridge sowing or flat bed Ridge sowing (50-60 cm x
followed by ridges (30 cm x 15-20 cm)
5-10 cm)

Table 12. Manures and nutrients recommended for different crops in rice-radish-potato and rice-potato-potato cropping
sequences

Particulars/Operations Rice Radish Potato (autumn and spring)

Organic manure (t/ha) FYM/Compost 5-10 10 25

Chemical fertilizer (Kg/ha)

N 90 100 120

P
2
O

5
40 50 80 (40 if FYM @ 25t/ha is added)

K
2
O 40 35 60 (40 if FYM @ 25t/ha is added)

Secondary/micro- nutrients ZnSO
4
 @ 25 Kg/ha

Time of application

Basal 50%N and Full P & K 50%  N and Full 50%  N and Full P & K ( At sowing)
( At transplanting) P & K ( At sowing)

Ist top dressing 25% N at tillering 50% N at earthing 50% N at earthing up
(3WAT) up

2nd top dressing 25% N at panicle
initiation (7-8 WAT)

WAT, weeks after transplanting
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fertigation and chemigation, injecting nutrients into
plants, coating the seed and seed soaking and dipping
roots. The general recommendations with time of
application of manures and fertilizers in different crops
under rice-radish-potato and rice-potato-potato are
summarized in Table 12.

Irrigation and water management

Water requirement of rice varies with the land
preparation and its establishment methods. WUE of
rice grown on puddle soil was twice more than crop
grown in non-puddle soil (de Datta and Karim, 1974).
The degree of puddling also affects WUE. Puddling
of rice field itself needs greater quantity of water.
Radish requires plenty of water from sowing time until
the roots are large enough to be pulled out. Potato
being a shallow rooted crop needs irrigation at frequent
intervals. The interval is decreased when tubers are
formed. The best results are obtained by irrigating the
crop when the soil moisture drops to 50% of field
capacity. A seasonal total of 30-60 cm of water in about
six applications is usually sufficient (Table 13).

Weed management

In intensive cropping systems, weeds are major
bottlenecks. Losses caused by weeds vary depending
upon the weed species, its density, the duration of weed
competition, cultivars planted, row spacing, soil fertility
level, irrigation management, method used and specific
effects of the weeds. Hand weeding is the common
method adopted by a large percentage of farmers.
Many herbicides for weed control in rice, radish and
potato are now recommended. The large varieties of
radish need earthing up at least once whereas, in hills
earthing up is a usual practice in potato. Sometimes
this practice is sufficient to keep out weeds. However,

integrated weed management involving herbicides at
low doses and manual method is more vital in providing
acceptable weed control. Major weed flora, critical
period of crop-weed competition and methods of weed
control recommended in different crops under rice-
radish -potato and rice-potato –potato cropping
sequences have been given in Table 14.

Plant Protection measures

Diseases and insect-pests are next major
constraints to higher yields of rice and potato. In general,
damage to rice crop arises from leaf hoppers, plant
hoppers, bugs, stem borer, defoliating and leaf folders.
Fungal, bacterial, viral and mycoplasma like organisms
cause diseases on rice crop at different stages and
affect different plant parts. Rice blast and blast, tungro
and grassy stunt cause severe yield losses. No
important insect-pests and diseases have been
observed in radish so far noted. Sometimes there may
be stray cases of mosaic and rust, aphid and cabbage
root maggots. Potato is attacked by a number of pests
and diseases. However, late blight and potato tuber
moth are important. The control measures of major
and minor diseases and insect-pests associate with
different crops in rice-radish-potato and rice-potato-
potato cropping sequences are summarized in Tables
15 and 16.

Harvesting

Because of small holdings, manual harvesting is
common. Combine harvesters and potato diggers are
not popular. In rice, optimum grain quality, palatability
and market value are determined by the correct timing
of harvest. Grain moisture content is an important
indicator of harvest time. In certain parts harvested
rice grains accumulate 17-21% moisture. Maximum

Table 13. Irrigation requirement of different crops in rice-radish-potato and rice-potato-potato cropping sequences

Particulars/Operations Rice Radish Potato (autumn and spring)

Source Kuhl Kuhl Kuhl

No. of irrigation Continuous submergence till 3-4 5-6
grain filling

Time of irrigation - Pre-sowing followed Pre-sowing, Stolonisation,
by 15 days interval tuber formation, tuber

enlargement
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Table 14. Weed flora and recommended weed management practices in rice-radish-potato and rice-potato-potato cropping
sequences

Particulars/Operations Rice Radish Potato (autumn and spring)

Major weed flora Echinocloa, Cyprus, Phalaris, Avena, Lolium, Phalaris, Avena, Lolium,
Digitaria, Ageratum, Ranunculus, Medicago, Ranunculus, Medicago, Spergula,
Aeschynomene Spergula, Vicia, Cornopus, Vicia, Cornopus, Poa, Lathyrus

Poa, Lathyrus

Critical period of crop- 30-45 DAT 20-30 DAS 25-50 DAS
weed competition

Weed control method Manual, Chemical control Manual, Chemical control Manual, Chemical control

Manual with number and HW 30-35 DATHW at HW at 3-4 leaf stage and HW at 30 DAP and 50-60 DAP
time of weeding PI 50-55 DAT 3-4 WAS

Promising herbicide (s) Butachlor, Oxyflourfen, Pendimethalin, Fluchloralin, Fluchloralin, Atrazine, Isoprturon,
Pendimethelin, Alachlor, Isoprturon, Oxyfluorfen
 Oxadiazone, 2-4 DEE Metolachlor

Time of application Pre-emergence except Pre-emergence Before planting or before sprouting
2-4 DEE (20-35 DAT) (2DAP)(Fluchloralin)Pre emergence:

Atrazine, Isoprturon, Oxyfluorfen

Rate of application Butachlor: 1.5 kg/ha Pendimethalin 1.2 kg/ha, or Isoproturon/Atrazine/Fluchloralin @
Pendimethelin: 1.2 kg/ha Fluchloralin 0.9 kg/ha or 1.0 kg/ha or Oxyflluorfen @ 0.5 Kg/
or Oxyfloufen: 0.15 kg.ha alachlor 1.50 kg/ha or ha
o rOxadiazon: 1.5 kg/ha Isoprturon or metolachlor
fb.2-4 DEE: 0.8 Kg/ha 1.0 kg/ha

Application method Spray/ Broadcasting Spray Spray
granular formulations

Number/frequency of One One One
application/sprays

rice harvest with good milling quality is possible when
done immediately after biological maturity. Delayed
harvests increase pre-harvest losses and may even
lower milling quality. Yield losses due to shattering
would also increase due to late harvests. In certain
areas combined losses due to rodents, birds, lodging,
shattering and mishandling during harvest has ranged
from 10 to 20 percent depending on the variety
(Pillaiyar, 1988). Rain at harvest, improper handling
process, longer elapsed period between harvesting and
threshing, un-threshed grains adhering with panicles,
grain shedding may all add to harvest and milling quality
losses of rice.

Radish should be harvested when roots are still
tender. A few days delay in harvesting may make the
roots pithy and quite unsuitable for the market. The
roots are pulled out with the tops and washed and then
packed for the market.

Harvesting operations in potato include lifting,
collecting the tubers, separating tubers from soils-clods
and then transport. Early crops are lifted in an immature
condition which is liable for bruising, while harvesting
and transport. Seed crop is dehaulmed and tubers are
lifted 10 to 12 days after haulm killing. Grading or sizing
is essential to get uniformity of size to fetch a good
price.

With improved managemnt rice grain yield of 25-
40 q/ha with straw yield of 30.00 g/ha, 175-225 q/ha
economic yield of radish and 90-175 q/ha of potato
yield can be achieved under rice-radish-potato system.
Similarly under rice-potato-potato sequence rice yield
of 25-40 q/ha with straw yield of 30-50 q/ha a total
potato yield of 165-325 q/ha is available.



Western Himalayan Region

21

Table 15. Diseases and their recommended management practices under rice-radish-potato and rice-potato-potato cropping
sequences

Particulars/Operations Rice Radish* Potato (autumn and spring)

Major diseases Blast, Bacterial blight, Not recorded Early blight, Late blight, Common scab, Black scurf,

Stem rot, Brown spot, Powdery scab, Bacterial wilt, Mild and severe

Glume blotch, False Smut mosaic virus,

Control methods Seed treatment/spray/ Spray/dipping , resistant varieties

resistant varieties/ judicious

nutrient management

Name of the pesticides Beam, Bavistin, Blitox, Indofil Z 78, Indofil M 45, Blitox, Redomil, Agallol

Hinosan, Thiram methyl demeton 25 EC (Metasysatox)

Mode of application Seed treatment/spray Tuber dipping/spray

Rate of application Blast: Seed treatment: Early blight:  Dithane Z-78/Dithane M-45 (0.2%) or

2g/kg seed (Beam/Bavistin) Blitox 50 (0.3%) at fortnightly interval with the

Spray:Blitox@ 2.25 kg/ha or first appearance of the disease.

Bavistin @ 750g/ha or

Hinosan @ 750ml/ha

Number/frequency/sprays 4 2-3

Mode of application Seed treatment/spray Spray

Rate of application Brown spot: Seed treatment: Late blight: Ridomil MZ 70 WP (0.15%) at 15 day

3.0 g/kg seed (Thirm)Spray: interval on first appearance of disease followed by

Indofil M-45 @ 1.875 kg/ha 4 sprays of Dithane M-45/ Indofil  M-45 (0.2%) at 7

or  Indofil Z-78 @ 1.875 kg/ha day interval. %) or Contaf 5 EC (0.2%)

Number/frequency/sprays 1 at nursery stage 2-3

Mode of application Spray Seed treatment/Spray

Rate of application Glume blotch:  Bavistin Common scab:  Treat the seed potato in Agallol

@ 750 g/ha solution (0.25%) at sowing time (25 g Agallol in 25

L water). Black Scurf :  Dip the seed tubers in 3%

Boric acid (Pharmaceutical grade) solution for 30

minutes or Agallol (0.5%) for 30 minutes or acetic

acid (1%) + ZnSO
4
 (0.05%) for 15 minutes.Powdery

scab : Treat seed tuber with Agallol (0.5%) for 30

minutesMild and severe mosaic viruses (PVY) :

Spray the crop with methyl demeton 25 EC

(Metasysatox)  @ 750 ml in 750 L water/ha.

Number/frequency/sprays 3 (one at 50% PI and repeat 1-2

at 10 days interval, twice)

Mode of application Spray

* No major disease recorded in radish
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Table 16. Insect - pests and recommended management practices in rice-radish-potato and rice-potato-potato cropping sequences

Particulars/Operations Rice Radish* Potato (autumn and spring)

Major insect/pests Rice hispa, stem borer, Not recorded Potato tuber moth, White grubs, Cutworms and
leaf folder, leaf hopper, Wire worms, Hadda beetle, Jassid and aphid
case worm, grasshopper,
rice bug, black beetle

Control methods Cultural/Chemical Cultural/chemical

Name of the pestides Chloropyriphos, Monocrotophos, carbaryl, Phorate, Methyl
Monochrotophos, demeton 25 EC (Metasystox), Sevidal, Carbofuron

Carbaryl, Fenitrothion, and Quinalphos, Phosphamidon (dimecron)
Cartap, Carbofuran, Endosulfan, Dimethoate (rogor)  Malathion,  decamethrin
Methylparathion (Decis) / cypermethrin (Cyperkill)/ B.T. (Dipol 8 L)

Mode of application Broadcasting/spray Dusting/spray

Rate of application Rice hispa: Methylparathion @ White grubs, cutworms and wire worms : The
600ml/ha or 1000 ml fenitrothion/ha preferred hosts on which the beetles congregate
or Cartap @ 1.0 kg/ha should be sprayed with 0.05% Monocrotophos

Time of application When infestation is more than 10% On appearance of pest

Number/frequency/ 1 1
sprays

Rate of application Stem borer: Carbofuran Hadda beetle 1.5 kg  Carbaryl 40 LV (sevimol) in
or Endosulfan 1.0 l/ha or 625 L water/ha.
@ 1.0 kg/ha  Methylparathion
@ 0.5l/ha

Time of application When infestation is more than 5% On appearance of pest

Number/frequency/ 1 1
sprays

Rate of application Leaf folder: 1.25 l/ha chloropyriphos Jassid and aphid: 750 ml Methyl demeton 25 EC
20 EC (0.05%) or 0.835l/ha (metasystox) or 200-250 ml Phosphamidon 100
monocrotophos 36 EC (0.06%). Dimethoate 30 EC (rogor)  in 750 L water/ha

Time of application On pest appearance On pest appearance

Number/frequency/ 1  1
sprays

Rate of application Leaf hopper/Grass hopper/Black Potato tuber moth : 1350 ml decamethrin 2.8 EC
beetle: 1.25 l/ha chloropyriphos 20 (Decis) or 450 ml cypermethrin 25 EC (Cyperkill) or
EC (0.05%) 1200 ml  monocrotophos 36 SL (Monocil) or  mixture

of 225 ml decamethrin 2.8 EC (Decis) + 1125 ml B.T.
(Dipol 8 L) in 750 litres of water/ha during the third
week of March. Dust tubers meant for seed only
with 5% Malathion dust @ 125 g/100 kg seed potato.

Time of application On pest appearance (leaf hopper/ Second fortnight  of May
grass hopper), at sowing for beetle

Number/frequency/sprays 1 1

Rate of application Rice bug: 1.25 Kg/ha Carbaryl or -
Fenitrothion @ 1.25 ml/ha

Time of application When there are 10 bugs/100 heads -
of rice

Number/frequency/ 1 -
sprays

* No major disease recorded in radish
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Contingency planning

Weather is the most variable factor not only in
rainfed but in irrigated agriculture as well. Various
approaches often referred to as contingent plans, have
been evolved over the years for weather management.
The infrastructural requirements have to be developed
and established by the government and other agencies
as people themselves will not be in a position to adopt
contingency measures more effectively because of
their poor resource base. Some of the management
options that can be adopted to mellow down the
adverse effects of excessive rainfall, heat wave, less
availability of surface irrigation, deficiency of nutrients,
non availability of fertilizers, disease epidemics, insect-
pest incidence etc. are discussed under this heading.

Management of stress due to excessive moisture

Many parts of low and mid hills of Himachal
Pradesh are characterized by medium to high rainfall
(1150 to 2700 mm/annum). Distribution is highly
monomodal (65 to 80% of the annual rainfall occurring
during June to October). High rainfall is a bane rather
than a boon. Because of characteristic physiography,
state has high soil erosion problems. Rice and maize
are main crops during summer/kharif and wheat, potato,
sarson in rabi season. Irrigation is limited. Agriculture
mainly is rainfed. Stress due to excess moisture is
caused by (1) High rainfall that results in serious soil
erosion problems, (2) Floods in the valley and plain
areas of the state that results in serious damage to
crops and animals and (3) Location specific excess
water causes rise of water table, water stagnation and
drainage problems in some pockets

Management problems are complex and difficult.
Management problems range from soil erosion control
(soil and water conservation), water harvesting in situ,
storage, diversion and recycling of water and disposal
of excess water at different elevations, construction
of terraces and sunken and raised beds (buns), practice
of agri-horticulture, agri-pastures, pond based water
management system and irrigation and drainage
problems in rabi and summer seasons. Management
problems vary in different parts. For hills and hill slopes
agroforestry and silvipastures can be practiced. In
Shivalik areas, Leucaena leucocephala in the upper

portion and Napier/Setaria/Panicum in the lower
portion has been found successful. Eulcalyptus and
Poplar are very successful, however, Govt. should gear
up its efforts in the revival of abandoned tea gardens.
Ginger, turmeric, cardamom, colocasia and fruits like
oranges, plum, litchi, mango, kiwi etc are fitting crops.
Medicinal plants such as Herd, Behra and aonla should
find place in sloppy lands.

Management of swampy and waterlogged lands

The swampy lands were initially low lands and
fertile lands from rice point of view. Over irrigation,
continuous accumulation of water and absence of
drainage have transformed these low lands into
waterlogged areas and swamps, where even cultivation
of rice is not done. Though swampy lands exist in
negligible percentage, they may be utilized for
cultivation of fish, lily and lotus and after reclamation
for rice in kharif and berseem in rabi.

Water logging may be temporary varying in duration
from days to weeks or months. Water remains locked
due to impedance. Once the excess water has drained,
the land becomes normal and amenable to cultivation.
Permanent water logging results in swamps/marshy
land which are unfit for normal agriculture activities.
To manage water logged lands, it is necessary to
classify them with according to the extent of
waterlogging-how much and for how long.
Waterlogging lands may be rainfed or irrigated. The
waterlogging lands may be classified as shallow water
(0-30 cm), intermediate water (30-50 cm), semideep
water (50-100 cm) and deep water (>100 cm standing
water). For all ecosystems, management principles are,
crop improvement through breeding, selection and
evaluation; crop management through selection of
variety, planting time, population density, crop geometry,
fertilization management of water and crop protection
through weeds, insect-pests and diseases.

Iron toxicity also occurs in waterlogged soils. Rice
grown in iron toxic soils show bronzing symptoms. Soils
with low levels of nutrients such as K, P, Ca, Mg, Si
and Mn and Zn or with respiration inhibitors such as
H

2
S may cause iron toxicity even with concentration

of Fe as low as 30 ppm (60 kg/ha). Iron toxicity
problems can be ameliorated by:
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● Providing surface drains

● Diverting soluble Fe++ iron from the field by
repeated drainage

● Checking seepage of water carryng soluble
Fe from the upper levels

● Application of liberal dose of K

● Application of lime, and

● Growing iron tolerant varieties

Consequent upon introduction of irrigation a
different ecosystem develops. Management principles
remain same but the system becomes more intensive
if irrigated areas are same but the intensity varies.

Management of flood affected areas

Floods refer to great flow of water. It occurs due
to heavy rainfall in a short time which is beyond the
capacity of soil to absorb and streams, channels, nallas
and rivers to carry. Monsoon rainfall pattern brings
more than one flood each year and damages crops
and property. Damage to crops depends on the stage
of crop growth and the duration of the flood.
Classification based on the intensity of floods is helpful
for planning to meet the contingencies. If the rainfall
is more than the rate of infiltration, it accumulates on
the top of the surface and flows down. If there is no
way out to flow or drain down, it accumulates and
causes water logging. Floods cause water logging even
if drainage is free. To manage such situations from
crop production point of view, delineation of flood prone
areas may be essential. With weekly rainfall data over
years (usually 30 years or more) flood weeks can be
calculated and on this basis, areas likely to be affected
by floods can be delineated. For such areas,
management strategies can be worked out e.g. early
planting/sowing, manuring, growing flood resistance
varieties, planting aged seedlings, vegetative
propagation, sowing sprouted seeds on puddled soil,
raising seedling in polyhouses, stocking more seeds,
desilting the leaves and sowing of green gram,
blackgram and other pulses after recession of floods
to compensate from rice crop loss.

Management of Acid soils

Acid soils are widespread in high rainfall area. Soil
reaction affects concentration of different ions in soil
solution and so their availability to the plants. In acid
soils concentration of Fe & Mn and Al is more but that
of Ca, carbonate, Mg & Mo is less. Fixation of P as
iron and Al phosphates render it unavailable to crop
plants. It becomes necessary to increase supply of P
and calcium to increase crop growth by liming.

High temperature and high wind velocity

Moderate radiation (400-500 ly/day) and 25-35îC
temperature with mild wind velocity (20-30 km/h) are
congenial for good growth of crops. High temperature
is usually associated with high radiation. It increases
respiration and reduces working ability. At high
atmospheric temperature, leaf temperature may remain
5-8 îC more. Stomata closes earlier, moisture stress
sets in and leaves roll even if there is ample moisture
in the soil. The lag between moisture supply and
atmospheric demand increases very fast. During
summer high temperature is usually associated with
low soil moisture. Under such situations in rainfed areas,
land remains fallow. In irrigated areas, summer rice
shows wilting of leaves much before noon and recovers
in the afternoon only after the effects of scorching sun
are reduced. Leaves become turgid before sun set and
drops of water trickle down from tips. In the day time
transpiration remains very high and crop ET remains
more than twice the pan evaporation. High temperature
in general, reduces fertilization, increases sterility and
affects fruit set.

High temperature with high humidity and low wind
velocity is more harmful than with high wind velocity.
A high velocity wind takes away the harmful effects
of high temperature and reduces respiration. But high
wind velocity has harmful and destructive effects on
crops. Like high temperature high wind velocity during
flowering reduces pollination, increases sterility and
decreases fruit set. It is necessary to have windbreaks
and shelterbelts to reduce harmful effects of high
temperature and high wind velocity. In the leeward
side due to decreased wind velocity, yields of crops
are usually more than in windward sides.
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Less availability of surface irrigation

Water is more dynamic and essential constituent
for every living being. It is the best gift of nature but is
the costliest commodity. Its scarcity is felt everywhere
in the ice caps, in plains and in oceans. It must to know
the relation between water and soil, water and plant
and soil-water-plant-atmosphere. Under limited
availability it become more important to follow the
cardinal principles such as when to irrigate, how much
to irrigate and how to irrigate.

The crop must be irrigated before the soil water
stress level is altered below which irreparable damage
is caused to the crop and any subsequent manipulation
does not help it. For most non rice crops, stress of 0.5
to 0.6 bar (depletion of 55 to 65% available moisture)
is appropriate soil moisture stress for irrigation. For
rice soil moisture should be retained at saturation from
transplanting to panicle initiation followed by 3-5 cm
standing water till 12-15 days after flowering. There is
no necessity to maintain deeper standing water for
longer time in the field.

Irrigation if available, must be applied at critical
stage(s), when, unless irrigated the yield will reduce
drastically. Depending upon availability of irrigation and
importance of phase, number of irrigation is to be
decided. At farmers level, the stage of the crop growth
is the most deciding factor to select the time of
irrigation.

Soil is the reservoir of water for crops, but it is
leaky one. It can not hold water beyond field capacity.
Hence, the field should be irrigated to bring the deficit
to field capacity. Over irrigation leads to excess water
use, reduction in WUE and increase in water logging.

Deficit of water after quantification can be applied
through a suitable weir, flume or a water meter. Method
of irrigation depends on topography, soil characteristics,
type of crop and quantity of irrigation water available.
Flood irrigation is most wasteful and drip irrigation the
most efficient. Drip irrigation is successful in orchard
and plantation crops and where water is scarce. Among
water lifting devices, use of pumps is the best. Under
extreme irrigation water deficits, soil and water
conservation practices, those recommenced for rainfed
agriculture may be followed.

Deficiency of nutrients and non-availability of
fertilizers

Impeded drainage causes several chemical
changes under reduced conditions. These situations
cause deficiency or toxicity of certain elements. The
disorders consider to be caused by submerged
conditions are generally called physiological diseases.
But some nutritional disorders may also occur even if
the condition is not a submerge directly or indirectly
created by weather/climate and many other factors.
In Himachal Pradesh, deficiency of N,P, K, S, Zn and
B in majority of soils is critical, whereas toxicity of
Fe, Al, sulphide and organic acids have concern under
waterlogged soils. Crop loss due to such disorders in
general can be reduced by management of the
ecosystem, drainage, water control, alternate wetting
and drying and in few cases by supplementing deficient
elements. In Himachal Pradesh, mixed farming is
predominant and wherever FYM is used micronutrients
deficiencies are seldom encountered. However,
thorough decomposition, proper handling and application
of FYM as well as other sources of organic manures
need due focus. Every household in the rural
establishments use fuel wood and plenty of ash rich in
many nutrients is available. However, judicious use of
it is important. Combining all the available organic
sources present with the farmers may not fulfill
nutrients need of crops especially of nitrogen.

Waterlogged soils, wherever they are exist in the
state, have very poor physical conditions and difficult
to manage in kharif. No bullock or tractor can enter
into it. Only manual labour serve the purpose. These
lands also suffer from Fe toxicity. The land remains
almost fellow in rabi, though some of the farmers
cultivate berseem in it. Putting these lands idle even in
kharif is also common. Drainage and potassium
manuring can reclaim these lands. Growing non-tolerant
varieties has a little benefit in these lands (Lenka and
Jena, 2002). It is necessary to identify and delineate
waterlogged and submerged area (both in rainfed and
irrigated) and evolve strategy for the management.

In Himachal Pradesh, fertilizer consumption is quite
low and imbalanced (nearly 50 kg of NPK/ha) as
against the recommended application of nutrients.
Farmers are required to be educated for the balanced
application of nutrients. Even if some farmers apply
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fertilizers in sub-optimum quantities, they rush to
Cooperative Societies only when demand is immediate.
Many a times, the fertilizers are not available timely.
Farmers, therefore, must procure fertilizers at least a
season ahead and store them properly or they should
place their demand in time, which is never practiced.

Insect-pest and disease epidemics

Insect-pests and diseases attack crops at different
stages of growth. Yield losses due to pests (weeds,
insects, diseases and others) are about 10.3%. Though
insects and diseases do not compete for space and
light, they do compete for nutrients, if not for moisture.
Damage due to insects and diseases may be very severe
even leading to  complete damage of a crop over
several thousand hectares. Weeds, wild rice and rice
serve as perpetuating sources for insect survival and
multiplication and infestation from crop to crop in rice
areas. Due to introduction of HYVs, responsive to high
doses of N and spread of irrigation, many pests which
were minor or unknown have become major or and
their incidence has increased.

Among pesticides, consumption of insecticides is
highest followed by herbicides and fungicides. Among
crops, consumption of insecticides is highest for cotton
(52%), rice (17%), vegetables (13%), plantation crops
(7.8%), other cereals (6%), sugarcane (2%) and others
(1%) (Lenka and Jena, 2002). Efficacy of insecticides
depends on weather conditions. It is much less in wet
season than in rabi/summer season. Pesticides are one
of the potential sources of environmental pollution and
cause health hazards to all animals, man, cattle, fishes.
To safeguard against possible hazards from pesticides,
it is pertinent to follow IPM. IPM comprises
combination of cultural, mechanical, biological and
chemical methods.

Prevention and control measures against diseases
are also cultural, mechanical, biological and chemical.
IPM or IDM are an environmentally sound alternative
to the sole use of chemicals. IPM strives to optimize
rather than maximize pest control efforts. To prevent
entry of disease or pest infested materials from abroad,
the GOI passed an act “Destructive Insect Pests Act
of India 1994” and the act was enforced in 1925. Prior

to this, there was no restriction on movement of seed/
plant from abroad to the country. There are quarantine
centers established at seaports, airports, railway heads
and land frontiers in the country. There is also domestic
quarantine to restrict spread of pathogen from one state
to another.
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NORTH WESTERN PLAINS OF

UTTARAKHAND*

Rice-Wheat cropping system is the pre-dominant
cropping system of the Indo-Gengatic plains covering
about 11 m ha. of which 50% lies in UP and
Uttarakhand plains, contributing to about 75% to the
total food grain production. The rice-wheat cropping
system provides generally assured returns to the
farmers due to the higher support price for rice and
wheat compared to other crops. Rice-wheat system
gets favour in cultivation because of no other crop is
generally possible in low land area except rice during
monsoon season followed by wheat crop during dry
season, generally because of no much problem of
insect pest and diseases and assured production in
wheat. The sustainability of the rice-wheat cropping
system is of prime importance as this rotation
contributes more then 75% to the food grain
production, therefore, it is of major concern for
National Food Security. Sustainability of this system
is to be ensured through its diversification, efficient use
of inputs and adopting resource conservation
technologies.

Continuous growing of rice-wheat has led to the
stagnation or declining productivity of the system
because of the ill effects of puddling on soil physical
properties, leading to excessive tillage for preparing
good tilth for succeeding wheat crop, thus raising the
cost of production and declining total factor
productivity.

Production potential and yield gaps

On comparision of average yield of inportant
crops in Udham Singh Nagar district and yield at

experimental field, it is observed that a gap ranging
from 32 to 61% exist in the district which requires to
be bridged (Table 1).

Rice and wheat are the major cereal crop of the
Uttarakhand state especially of the to plain districts
viz. Udham Singh Nagar and Roorkee, followed by
sugarcane and oil seeds crop such as Lahi and
Mustard. The pulses also occupy sizeable area in the
state particularly Urd & Lentil. Maize, potato,
soybean, madua are also important crops besides rice
and wheat in Hills. The productivity of the state is as
follows:

Crop Productivity (q/ha)

Rice 19.24

Wheat 16.33

Urd 5.74

Lahi & Mustard 6.53

Sugarcane 610

Maximum rice equivalent yield or total system
productivity 16.74 t/ha/year (Table 2) was obtained by
Rice- Potato-Greengram followed by 10.99 t/ha/year
from Rice-wheat (ZT)-Greengram (ZT). All the
cropping systems produced higher rice equivalent yield
compared to Rice-Wheat cropping system. Highest
land use efficiency was obtained in Rice-Wheat (ZT)
Green gram (ZT) where as productivity per day was
significantly higher in Rice-Potato-Green gram
sequence compared to Rice-Wheat cropping system.
The results are in conformity of the findings of Prasad
et al. (2002) at New Delhi, where as Gangwar et
al.(2006) were of the view that Rice-Mustard-Green
gram resulted in highest rice equivalent yield (11.22 t/

* Contributed by A.K. Bhardwaj, Devendra Singh & Shweta, G.B. Pant University of Agriculture & Technology, Pantnagar (U.S. Nagar) UK

Table 1. Production Potential and Yield Gaps (Av. Yield of crops q/ha)

Particulars Rice Wheat Veg. Pea Urd Moong Potato S/Cane

In experiment 79.0 63.0 10.00 9.0 10.0 228.0 1000.0

In district 30.5 33.5 - 7.0 7.0 190.0 610.0

Yield Gap 48.5 29.5 NA 3.0 3.0 90.0 390.0

% Gap 61.3 46.8 - 33.0 30.0 32.1 39.0
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ha/year) closely followed by Rice-Wheat-Green gram
(10.58 t/ha/year). Singh et al. (1995) reported that
maximum yield equivalent 145.66 and 159.46 q ha-1

was recorded in Rice-Potato-Green gram sequence
with net profit of Rs. 15534 and Rs. 18193 ha-1 during
first and second year, respectively.

Inclusion of 3rd crop as legume crop helps in
improving soil health by way of reducing bulk density
of soil and build up to organic carbon content of soil.
Inclusion of sort duration varieties of moong in multiple
cropping systems in hills as well as in plains when there
is time gap of 75-90 days in rice-wheat cropping
system seems to hold a great promise for increasing
balanced food production in northern India without
affecting the environment and degrading the soil. It
also increased the land and labour productivity, farm
profitability, improves soil health and allows possibility
of crop livestock integration. The experimental results
of last few years have shown that an average 1.5 t/
ha of cowpea and 1.0 t/ha of green gram can be
produced as a niche crop between rice and wheat and
can also be grown after the harvest of potato, lahi and
sugarcane (Singh, 2008).

Thus, it can be suggested that Rice-Potato-Green
gram and Rice-Wheat (ZT)-Green gram (ZT) may be
the alternative for existing Rice-Wheat (conv.)
cropping system for maintaining soil health and
sustaining productivity and higher returns.

Packages for practices

• Rice-Potato-Green Gram

• Rice-Wheat (ZT)-Green Gram (ZT)

• Rice-Veg. Pea-Greengram

RICE

Direct rice seeding

Land Preparation: Rotavator once followed by
planking as stale seed bed for removing first flesh of
weeds.

Variety: NDR 359/Sarju 52/IR 64

Seed Rate: 35-40 kg/ha

Fertilizer: NPK @ 150:60:40 kg/ha should be
used with 25kg zinc sulphate.

Sowing: By Ferti seed-drill (20 cm)

A dose of 200kg NPK mixture (12:32:16) with
25kg Zinc sulphate as soil application can be applied
at sowing using seed drill. After seed drilling at 3-5
cm depth planking is followed with attached patela
with seed-drill.

Weed control: Pre-emergence spray of
Pendimethelin @ 1.5kg a.i./ha (4kg/ha) in 600 litre
water is essentially required.

Bunding: Strong bunds are made for effective
irrigation.

Irrigation: When 90% germination is over than
saturated moisture conditions are maintained till rains

Table 2. Efficient alternative cropping systems for Northern Plains for Uttarakhand

Cropping System Yield of crop (q/ha) Rice Equivalent (q/ha) System

Rice Wheat Veg Pea Potato G. gram Wheat Veg Pea Potato G. gram productivity
(t/ha/year)

Rice-Wheat 40.0 43.7 53.6 9.36

Rice-Potato- Green gram 40.2 145.3 11.3 99 28.3 16.75

Rice-Wheat (ZT)-Green gram (ZT) 42.5 40.7 7.00 49.9 - 17.5 10.99

Rice-V.Pea-Green gram 40.0 35 12 27.8 30.0 9.78

Support price: Paddy: 880 Rs./q. Potato: 600 Rs./q. Wheat: 1040 Rs./q

Green Gram: 2200 Rs./q. Veg. Pea: 700 Rs./q.

ZT- Zero Tillage
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starts and there after light flooding conditions are
maintained till milking stage.

Top dressing of Urea: 25kg N through urea top-
dressing at 30 DAS.

50kg N as urea top-dressing at MT stage of crop.

50kg N as urea top-dressing at panicle initiation
stage of crop. Urea top dressing should be done in
the evening hours.

Insect-pest-disease management: Prophalytic
spray of monocrotophos @ 30-40 DAS for control of
early attack of stem borer. Use cartap 4G/Cartap
Hydrochloride spray at 50-70DAS if attack of stem
borer is seen again.

Spray of zinc if not applied basally to control
khaira, straptocyclin and copper oxy-chloride to control
BLB/BLS.

Harvesting: Crop is harvested around early of
October when the moisture content in grain is around
15-17%.

Wheat (Zero tillage package)

Land preparation :

• Pre-irrigation in rice standing crop if low
moisture in soils.

• Ensure combine harvest of rice crop to about
10-15 cm above soil surface.

• Remove loose stubbles; break the cross bunds
with harrow attached with patela.

Sowing

• Seed drilling by zero tillage ferti-seed drill @
125kg/ha & 200q. NPK mixed fertilizer
(12:32:16) attached with patella in early 1st

week of November.

• Make bunds & irrigation channel on the same
place as of rice fields.

Weed control: Pendimethelin @ 1 litre a.i. /ha
(4 litre/ha) as pre-emergence or sulphosulfuran @
67.5 g/ha in 600 litre 30-35 DAS as post emergence.

Irrigation: 4-5 irrigation at 20-25 days interval.

Urea Top-dressing: Remaining N in two to three
splits in the evening hours.

2 splits: 3 splits

1st CRI stage = 50% 1st CRI stage = 40%

2nd MT stage = 50% 2nd MT stage = 40%

3rd PI stage = 20%

Potato

Land Preparation: Rice harvesting at about 5-
10 cm above soil surface and removal of loose stubbles
from field. Rotavator once followed by planking
immediately after harvesting of direct seeded rice in
first week of October.

Fertilizer: NPK @ 160:100:120 with 25kg zinc
sulphate/ha

Sowing :

• Mid October.

• Basal application of 80kg nitrogen with full P,
K & Zinc & mixing well into soil.

• Sowing of Potato at 60 cm row distance
keeping 15-20 cm apart.

• Ridges are formed by covering potato seed
with soil.

• Remaining 50% nitrogen is applied 30-35 DAS
before earthing.

Varieties: Khufri Chandramukhi, Khufri Ashok
(early varieties)

Seed Rate: 35-40q/ha
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Irrigation :

• 1st Irrigation = 20-25 DAS

• Remaining 2-3 irrigation at 10-15 days interval.

Weed control :

• Pendimethelin @ 1.0 kg a.i./ha (3.5 litre) as
pre-emergance in 500-600l water.

• Hand weeding 30 DAS before earthing.

Disease pest management : 2-3 Prophalytic
sprays of mencozeb to control early & late blight at
35 & 50 DAS.

Green Gram (Zero tillage)

• Light irrigation in standing crop 7 days before
harvesting autumn/rabi crops.

• Immediately after wheat/rabi crops harvest
remove loose stubbles.

• Irrigate the field lightly if not irrigated earlier
before harvest.

• Break the cross bunds with harrow attached
patela.

• Sowing of Moong @ 30kg/ha with ZT ferti
seed-drill in late mid April at 25-30 cm. row
distance after wheat/rabi crop harvest and in
the month of March in case of Potato harvest.

• Use 100kg NPK (12:32:16) with seed drill.

• Pre emergence spray of Pendimethelin @ 1
litre a.i./ha in 500 litre water.

• Irrigate the field at 10-15 days interval.

• Select short duration varieties like Pant
Moong-4, Pant Moong-5, Narendra Moong-1
and SmL 668.

• Spray of insecticide i.e. Monocrotophos/
Endosulphon for controlling leaf sucking insect
catter piller/pod borer.

Vegetable Pea

Land Preparation: Rotavator 1-2 times followed
by planker in medium to light textured soils.

Fertilizer Application: 150 kg NPK mixture
12:32:6 through seed drill at 15-20 cm.

Variety: Early varieties like Arkel, VL Matar-1,
Pant Matar-3, Pant Matar-6, P-89 or Jagrath.

Sowing time: Mid October

Sowing: 125 kg/ha treated seed with ferti seed
drill.

Irrigation: Sprinklar irrigation once at flowering
or pod formation stage. Spray of multiplex as growth
promoter.

Harvesting: February as green pod.

Yield: 80-120 q/ha.

Insect pest management: Spray of mencozeb/
monocrotophos at vegetative growth stage 30-40
DAS.

Contingent planning

More than 95% of the total area of two plains
district of Uttarakhand U.S. Nagar & Roorkee is
irrigated. During the dry season (Rabi) if rains are
heavy & continuous during the later part of the season
endangering the winter crops than the alternate crops
such as mentha for oil, pulses – Lobia (60-70 days)
& green gram (75 to 85) or sunflower may be grown
successfully. Maize + cowpea for green fodder can
also be taken up as there is no availability of green
fodder during summer months. This will not only
reduces the risk of the total failure of crop during the
season but also helps in maintaining the soil fertility.

For harvesting, higher system productivity, net
profit and maintenance of soil health, the rice-wheat
cropping system can be diversified during the winter
season with potato/vegetable peas and 80-90 days gap
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from March end to June in the current Rice-Wheat
cropping system can be utilized by including short
duration Moong/Cowpea varieties to increase grain
legume production in the country and for improving
soil as well as human & livestock health.
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ZONE 2. EASTERN HIMAYALAN REGION

This zone involves north eastern states viz. Assam, Meghalya, Sikkim, Arunachal Pradesh,
Mizoram, Manipur, Nagaland and Tripura. Two centres of All India Co-ordinated Research
Project on Cropping Systems (one main centre at Jorhat and one Unit of experiments at
cultivors field) are located in the state of Assam. The system based scientific information as
generated through these centres is discussed here with particular reference to Assam state only.

* Contributed by A. Baishya, J.P. Hazarika, B.K. Medhi and M.C. Kalita, Assam Agricultural University, Jorhat 785 013

Assam is situated in the centre of North Eastern
region of India bordering seven states viz. Arunachal
Pradesh, Manipur, Meghalaya, Mizoram, Nagaland,
Tripura, West Bengal and two countries viz. Bangladesh
and Bhutan with a geographical area of 78,438 sq.
Km. Assam accounts for 2.4% of the country’s
geographical area. The mighty Brahmaputra flows
from East to West covering a distance of 720 Km.,
traversing almost all the districts except the districts
of Barak Valley. About 89% of the state’s population
is living in rural areas and 53% of the total work force
still engaged in agriculture and allied activities. The
total flood prone area is 3,41,000 ha, out of which
2,50,000 ha are chronically flood prone and 91,000 ha
are occasionally flood prone area. The total cropped
area is 39.94 lakh hectares out of which 27.51 lakh
hectares is net sown area. Although the irrigated area
is sown around 5.25 lakh hectare accounting to around
19% of the net sown area but practically it is less than
10% even.

Winter rice – Autumn rice sequence is the first
predominant cropping system of the state because
Winter rice is grown during the monsoon season and
Autumn rice is grown with the help of pre-monsoon
showers. Farmers prefer rice cultivation as rice is the
major staple food of the state. In some of the low lying
area Winter rice – Summer rice sequence is carried
out because of the water stagnation even during the
rabi season.

Winter rice – Toria is the second pre-dominant
cropping system of the state. Toria crop also does not
require much water, only one irrigation is recommended
either at flowering or early siliqua formation stage,

however in Assam, Toria is grown mostly as rain-fed
crop and during rabi season also some rain is expected
in this state. Toria is preferred by the farmers of the
state because oil extracted from this crop is used for
cooking purpose by the people and also oil cake is used
as manure in the crops.

There is a possibility of replacement of Autumn
rice by other more economically viable crop (s) with
the enhancement of suitable irrigation facilities
particularly in the medium land situation.

Under irrigated system different summer crops can
be introduced after the harvest of rabi crop.

Production potential and yield gaps

State average and yield gap observed are presented
in Table 1. A big gap in the yield was observed in almost
all the crops except Black gram, green gram and lentil.
The yield of black gram and green gram was almost at
par in the experimental field (after rice in medium land
situation) and state average (under upland situation);
however lentil yield was quite poor after rice in medium
land situation i.e. in the experimental field than that of
state average (cultivation was made under
upland situation). In case of other crops yield of
experimental plots are quite higher than that of state
average.

Spread of alternative system

During the Kharif season rice is the only crop
which is grown in the medium and low land situation in
almost all the area. The cultivation of second and third
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Table 1. Average yield obtained in the on-station trials,
state average and yield gap.

Sl. Crop Yield (q/ha) Yield (q/ha) Yield gap
No. (in the on- (as state (q/ha)

station trials) average)

1 Winter rice 41.50 15.98 25.52
(2004-05)

2 Toria 9.00 5.28 3.72
(2007-08)

3 Summer rice 38.60 19.59 19.01
(2004-05)

4 Autumn rice 29.60 6.67 22.93
(2006-07)

5 Lentil 1.90 5.40 —
(2007-08)

6 Oat (F) 319.30 NA —
(2005-06)

7 Onion 54.60 23.57 31.03
(2005-06)

8 Wheat 21.00 10.66 10.34
(2005-06)

Source :  (i) Annual Report of AICRP on Cropping System from
2004-05 to 2007-08
(ii) Data obtained from State Dept. of Agriculture reflect the year
2004-05

crop after harvesting of rice is mostly dependent upon
availability of irrigation water. Even though farmers
are interested lack of irrigation facility become a hurdle
for crop intensification and diversification.

Efficient alternative cropping systems

Results obtained through experimentation with
different cropping systems and its comparison to
existing pre-dominant system are presented in Table 2
and Table 3 respectively.

Highest B : C ratio (3.06) was observed  with win-
ter rice – toria – cowpea (F) sequence followed by
winter rice – oat – green gram sequence (2.61) and
winter rice – toria – black gram sequence (2.31). How-
ever, highest employment generation (335 nos.) was
obtained with winter rice – autumn rice sequence.

Highest system productivity (33 kg/ha/day) as well
as nutrient use productivity (29.40 kg/ha/kg nutrient
applied) was obtained with Winter rice – Onion – Cow-
pea (F) sequence. However, highest sustainability in-
dex (SI) (0.87) was observed with Winter rice – Au-
tumn rice sequence and highest land use efficiency
(86%) was obtained with Winter rice – Summer rice -
Autumn rice sequence.

Table 2. Rice equivalent yield (REY), cost, return, B : C ratio and employment generation under different sequences.

Cropping REY (Q/ha)* Gross return Variable cost* Return over B : C Employment
sequences  (Rs./ha/year) variable cost ratio generation

(Rs./ha/year) (days/yr.)

Winter rice – Autumn rice 62.44 40584 21202 19382 1.91 220

Winter rice – Toria 55.54 36101 17301 19800 2.09 154

Winter rice – Summer rice – Autumn rice 87.66 56979 32917 24062 1.73 335

Winter rice – Lentil – Autumn rice 72.94 47411 24861 22550 1.91 265

Winter rice – Toria – Black gram 78.59 51083 22097 28986 2.31 200

Winter rice – Oat – Green gram 81.37 52889 20286 32603 2.61 188

Winter rice – Onion – Cowpea (F) 121.74 79132 25834 53298 3.06 231

Winter rice – Wheat - Dhaincha 50.68 32398 23863 8715 1.37 220

*Average of 4 years (2004-05 to 2007-08), Prices considered (Rs./q) : Rice (grain): 650; Rice (Straw): 20; Toria: 2000; Oat (Fodder): 75;
Wheat: 600; Black gram: 3000; Green gram: 3500; Lentil: 3500; Onion: 1000 and Cowpea (Fodder): 100
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Table 3. System productivity, land use efficiency (LUE), nutrient use productivity and stability/sustainability Index (SI)

Cropping sequences System productivity LUE Nutrient Use Productivity Stability/Sustainability
(kg/ha/day) (%) (kg/ha/kg nutrient applied) Index

Winter rice – Autumn rice 17 53 18.20 0.871

Winter rice – Toria 15 54 22.11 0.701

Winter rice – Summer rice – Autumn rice 24 86 17.42 0.763

Winter rice – Lentil – Autumn rice 20 78 19.64 0.866

Winter rice – Toria – Black gram 22 75 23.42 0.787

Winter rice – Oat – Green gram 22 76 18.44 0.644

Winter rice – Onion – Cowpea (F) 33 75 29.40 0.809

Winter rice – Wheat - Dhaincha 14 76 15.58 0.772

Package of Practices

Land preparation

For winter rice, summer rice and autumn rice –
thoroughly puddled fields are desirable while for rest
of the crops preparation of fine raised bed to overcome
temporary waterlog condition is recommended.

Improved varieties

Crop Variety Crop Variety

Winter rice Basundhara Oat (F) Kent

Autumn rice Disang Green gram Pratap

Summer rice Jyoti/Prasad Onion N – 53

Toria TS – 38 Cowpea (F) EC - 4216

Lentil PL – 406 Wheat HUW – 234

Black gram T - 9 Dhaincha Aculeata spp.

Crop Sowing Crop Sowing
time time

Winter rice First week Oat (F) Second week
of June of November

Autumn rice Fourth of Lentil Second week
September of November

Summer rice Third week Onion First week of
of March March

Toria Second week Cowpea (F) End of
of November October

Green gram Second week Wheat Fourth week
of March of November

Black gram Second week Dhaincha Fourth week
of March of March

Recommended transplanting time

Crop Transplanting time

Winter rice First week of July
Onion First week of November
Autumn rice End of March
Summer rice Second week of December

Optimum seed rates

Crop Seed rate Crop Seed rate
(kg/ha) (kg/ha)

Winter rice 45 Oat (F) 100

Autumn rice 45 Green gram 18

Summer rice 45 Onion 10

Toria 10 Cowpea (F) 30

Lentil 30 Wheat 100

Black gram 25 Dhaincha 75

Seed treatment

Green gram and Black gram seeds were inoculated
with Rhizobium culture @ 50g/kg seed.

Recommended spacings

Crop Spacing Crop Spacing
(cm) (cm)

Winter rice 20 × 15 Oat (F) 25 cm row spacing

Autumn rice Green gram 30 × 10

Summer rice Onion 20 × 10

Wheat 20 cm row spacing Lentil 25 ×  5

Cowpea (F) 30 × 10 Black gram 30 × 10

Optimum sowing time
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Dolomite application

Dolomite should be applied @ 1t/ha 10 days before
puddling for the transplantation of winter rice in all the
sequences.

Recommended fertilizer doses

Crop NPK (kg/ha) Crop NPK (kg/ha)

Winter rice 80 – 40 -40 Oat (F) 40 – 20 - 20

Autumn rice --do-- Green gram 10 – 35 - 10

Summer rice --do-- Onion 60 – 50 - 50

Toria 60 – 40 - 40 Cowpea (F) 20 – 40 - 20

Lentil 15 – 35 - 10 Wheat 80 – 46 - 42

Black gram 10 – 35 - 10 Dhaincha 15 – 10 - 10

Irrigation

Insect management

Winter rice : Quinolphos @ 2 ml/litre against stem borer.

Summer rice : Ekalux @ 1.5 ml/litre against stem borer
and

Malathion 5% dust @ 20 kg/ha against gundhi bug

Autumn rice: Ekalox @ 2.0 ml/litre against whorl
maggot.

Disease management

No disease was observed.

Management of Root knot nematode

Furadon 3 G @ 3g/m2 after transplanting of winter
rice; some amount of same nematicide was also applied
after sowing of wheat.

Harvesting time

Winter rice No irrigation required

Autumn rice One irrigation for puddling of land and
transplanting of rice seedlings.
Subsequently 4 nos. of irrigations to keep
the field on a moist condition.

Summer rice One irrigation for puddling of land and
transplanting of rice seedlings.
Subsequently 10 nos. of irrigations required
to keep the field on a moist condition.

Toria One irrigation at early siliqua (pod)
formation stage

Lentil One light irrigation at pod filling stage.

Black gram One irrigation after two weeks of planta n d
Green emergence.
gram

Oat (F) First irrigation after 45 days of plant
emergence and second after the first cutting
(top dressing of fertilizers to be done after
first cut and after second irrigation)

Onion A light irrigation immediately after
transplanting followed by another 6
irrigations to keep the soil in a moist  condition

Cowpea (F) One irrigation after two weeks of plant
emergence because of dry condition.

Wheat Two irrigations viz. first at Crown root
initiation stage (20 – 25 days after plant
emergence) and the second one at heading
stage ( 70 – 75 days after plant emergence)

Crop Harvesting Crop Harvesting
time time

Winter rice Second week Oat (F) First cutting
of October during 3rd

week of
January and 2 n d

cutting during end of
February

Autumn rice Fourth of Green gram 1st picking
June during 3rd

week of May

Summer rice Second week Onion First week of

of April March

Toria Third week Cowpea (F) One cut
of February during end of

May

Lentil Third week Wheat Third week of
of March March

Black gram 1st picking Dhaincha Third week of
during 2nd May
week of May



Efficient Alternative Cropping Systems

36

Contingent planning

The following steps to be considered to tackle the
prevailing adverse conditions.

Excessive rainfall

1. In case of excessive rainfall when water level
crosses the required amount in rice growing area,
draining of excess water preferably to the storage
tank and its reutilization during the lean period i.e.
during dry season may be think-off.

2. In case of vegetables, pulses and other crops which
are sensitive to excess water, Broad – Bed –
Furrow system may be considered leading the
furrows linking up to the field outlet and draining
out  of excess water to the storage tank.

3. If the excessive rainfall causes flood in certain
regions, for those flood affected areas following
measures may be considered :

A) Raising community nurseries : Community
nurseries may be raised to meet the seedlings
requirement of flood affected areas in the high
lands or by other farmers from flood free areas to
help distressed farmers.

a) Varietal selection : Select recommended
varieties for late planting having wide flexibility
in respect of seedling age and transplanting
time under the following situations :

i) In occasionally flood affected areas if flood
recedes early, mid season rice can be
transplanted by Mid August using varieties
Kushal, IET – 6666, Pankaj, Biraj, Andrew
Sali, Solpona and Prasadbhog.

ii) In chronically flood affected areas where flood
is expected to recede by the last part of August,
varieties like Andrew Sali, Biraj, Monohar Sali,
Kmj-1-19-1, Luit, Kopilee, Dum Sali should
be selected. In absence of these varieties any
traditional photo period sensitive coarse grain
Sali (Kharif season) variety can be used.

iii) In areas where transplanting is not possible
before mid September extra early varieties
such as Luit, Kopilee, Culture – 1 and Heera
may be selected.

b) Seed bed preparation : Seed bed should be
initially ploughed with addition of adequate
FYM/Compost. The Flat beds may be selected
and a gap of 30 cm. (1 ft.) may be left at an
interval of every 1.25m (4 ft) so as to give
way to go inside the beds. Beds within the
strip should be well leveled. Chemical fertilizers
@ 500 g urea, 500g SSP and 250g MOP for
the area used to transplant one bigha (1333
sq.m.) of land needs to be applied at the time
of final puddling. Strip beds are to be made
after leveling the field.

c) Seed rate : About 6 kg. seeds are required to
transplant 1 bigha (1333 sq.m.) of land i.e. six
strips of 10 × 1.25 m @ 1 kg seed/bed.

d) After care : The gap of 30 cm may be covered
into channels one week after sowing for
draining out excess water during heavy
showers and to supply water to the channels
to keep the raised beds moist in the event of
occurrence of drought.

e) Transplanting : Transplanting may be done at
convenient time particularly soon after flood
recession. It is to be  noted that moisture stress
a is common features after flood recession in
flood affected areas.

f) Plant population : Closer planting is essential
in case of late planting since tiller development
is checked due to emergence of non-effective
tillers. In case of modern varieties 36 hills/m2

(20 cm × 15 cm) and in case of tall longer
duration varieties 25 hills/m2 (20 cm × 20 cm)
is to be maintained.

g) Seedlings/hill : In late planting situations the
only option to have maximum panicles per unit
area, is that from the main culm and primary
tillers. Therefore, 6 – 8 seedlings per hill may
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only yield 18 panicles per hill, as the growth
phase of rice plant almost expires in the seed
bed.

h) Fertilizer : In chronically flood affected areas
where high silt deposition occurs, there may
not be any need of fertilizer application.
However, in occasionally flood affected areas
irrespective of varieties, a basal application of
fertilizer should be applied. For improved
varieties 40 – 20 – 20 N – P

2
O

5
 – K

2
O kg/ha

and for traditional varieties 20 – 10 – 10 N –
P

2
O

5
 – K

2
O kg/ha may be applied.

B) Double transplanting : Double transplanting is a
method for seedlings multiplication under seedling
scarcity condition. Traditional or improved varieties
may be transplanted during July with closer spacing
of 20 cm × 10 cm (50 hills/m2) and each tiller
developed may be separated and planted once
again, which fulfill seedlings requirement for 5 – 7
times.

a) Varietal selection: Traditional or improved
varieties with long duration (150 days or more)
having photoperiod sensitivity should be
selected.

b) Sowing: Sowing should be done during early
part of June in well prepared seed bed.

c) First transplanting: Transplanting needs to be
done in early part of July with 25 – 30 days
old seedlings. About 50 hills/m2 (20 cm × 10
cm) is to be maintained during first planting.
Fertilizers @ 20: 10: 10 N-P

2
O

5
-K

2
O kg/ha is

to be applied for rapid and healthy tiller
development.

d) Second transplanting: Uprooting should be done
at 25-30 days after the first planting and each
tiller may be separated and retransplanted with
a single tiller/hill. In case of further delay however,
3-4 tiller/hill may be planted with closer spacing.
In flood affected areas there is no need of any
fertilizer application in second transplanting if
planting is delayed beyond August and fertilizer
is added only in first planting.

C) Direct seeding (wet sowing): This is an effective
and remunerative method of rice cultivation in
flood affected areas after recession of flood. In
general very short duration of extra early (less
than 100 days) such as Luit, Kopilee, Culture –
1 and any traditional photoperiod sensitive course
grain varieties are suitable for wet sowing in
main field.

Seeds @ 75 kg/ha are to be soaked for 24 hours
and incubated for 24-48 hours for sprouting. In the
mean time the field has to be puddled with minimum
tillage and leveled properly by laddering to ensure
uniform moisture retention. Sprouted seeds are then
broadcasted uniformly on the leveled field after
application of basal dose of fertilizers @ 40 : 20 : 20
N-P

2
O

5
-K

2
O kg/ha. Nitrogen should be applied in 2

splits, viz. top dressing at 20 days after sowing and at
45 – 50 days after sowing. Only P and K are to be
applied as basal dose. Direct seeding of sprouted seeds
on puddle soil can be done at any convenient time after
flood recession upto 10th September. In this system
following two problems may be observed:

(i) Water management as moisture stress is a
common problem after flood recession.

(ii) Late sowing may result into spikelet sterility if
and when temperature falls early.

In case of arable crop adoption of broad bedded
furrow system has got the following advantages.

(i) Increased water use efficiency;

(ii) Reduced water logging;

(iii) Better access for inter-row cultivation;

(iv) Weed control;

(v) Better stand establishment;

(vi) Less crop lodging;

(vii)Reduced seed rate.
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Disease management

In Assam till now no disease was recorded in
epidemic form. However, late blight of potato or
bacterial leaf blight of rice sometimes observe in some
of the region in severe form for which measures are
taken as per recommendation.

Heat wave

Agriculture and land use change such as
deforestation contribute to respectively 13 and 17% of
total anthropogenic green house gas (GHG) emissions.
Though the CO

2
 emissions from agriculture are small,

the sector accounts for 60% of all nitrous oxide (N
2
O,

mainly from fertilizer use) and 50% of methane (CH
4
,

emitted mainly from natural and cultivated wetlands
and enteric fermentation). The GHG impact through
radioactive forcing of N

2
O is 300 times than that of

CO
2
.Methane and Nitrous oxide emissions are

projected to further increase by 35 to 60% by 2030,
driven by growing nitrogen fertilizer use and increased
livestock production in response to growing food
demand.

Mitigation of climate change is a global
responsibility. Agriculture, forestry, fisheries or
aquaculture provide, in principle a significant potential
for GHG mitigation.

Development of crop varieties capable of
withstanding temperature increases and aberrations in
temperature needs a greater attention, whereas
understanding of crop-growth regulators and soil-water-
plant relationship under changed CO

2
 levels in grain

and biomass production of individual crops requires
research. Current research in improving water use
efficiency of crop plants, their drought and pest
resistance and also the agronomic practices need more
emphasis.

If drought situation arises because of heat wave
the following measures may be considered:

(i) Top dress additional quantity of Muriate of
Potash @ 35 kg/ha and incorporate in soil;

(ii) Spray 2% K
2
O solution on leaves if and when

drought appears

(iii) Top dressing of urea may be delayed upto
heading if drought prevails at the stage of
tillering.

Insect-Pest incidence

A) Root knot nematode: Carbofuran 3G @ 3g/m2

after transplanting should be applied against Root
Knot nematode.

B) Insect-Pests :

(i) Plant protection measures should be adopted
against insect-pests at their economic threshold
level, wherever, threshold level is not
mentioned, in that case control measures should
be taken with the appearance of the pests.

(ii) Bio-control measures against stem borer and
leaf folder: 6–8 releases of Trichogramma
joponicum and Trichogramma chilonis @
50,000/ha/week starting from 30 days after
transplanting give significantly good control of
rice stem borer and leaf folder respectively
and a high level of parasitism (30-60%) can
also be recorded. The performance of
Trichogramma is at par with the chemical
control not only in controlling the pest
population, but also in fetching economic
benefits.

Since Trichogramma is an egg parasitoid, its
releases should be coincided with the egg lying activity
of the pest. Timely releases are crucial. Releases
should be made over the entire infested area throughout
the egg lying period of the pests, which results in uniform
and effective control.

(iii) Common insects and diseases : The most
common pests of rice are thrips (in the seed
bed), stem borer and hispa (in endemic area
of Sibsagar, Cachar, Karimganj and Kamrup
districts of Assam), swarming caterpillar and
gall midge.

Amongst the diseases blast, sheath blight and
bacterial leaf blight are most common. Close
surveillance is necessary for timely control of the pests.
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Pest management practices in endemic areas with
special reference to Rice Hispa

(i) Destruction of initial population;

(ii) Destruction of alternate host (Dol, Uridol etc.);

(iii) Burning of stubbles after harvesting;

(iv) Deep ploughing during March-April;

(v) Monitoring at regular interval;

(vi) Avoidance of staggered planting;

(vii) Seeded treatment or root dip treatment;

(viii) Clipping of leaf tips before planting;

(ix) Use recommended insecticides at proper dosage
and spray volume. Add 1% urea and 2% MOP
to spray fluid;

(x) Planting of moderately resistant varieties;

(xi) Spray 1% neem seed oil using sticker (23 g/liter).

C) Diseases

a) Blast :

(i) Grow tolerant varieties viz. Monohar Sali,
Prasad Bhog, IR-36, Pankaj;

(ii) Treat the seed for 24 hours in Mancozeb,
Captan and carbendazim @ 2.5 g/litre of
water;

(iii) Monitoring of blast is most important to
schedule spraying. Observe the top 5 leaves
and if 5% leaf area is damaged then resort to
spraying. Normally three sprays can control
the disease. Spray carbandazim of Thiophenate
methyl @ 1 g/litre of water at tillering stage
(30 days after sowing) and subsequently give
two sprays of Ediphenphos @ 1 ml/litre of
water at panicle initiation stage and when the
tips of panicle just comes out.

b) Bacterial leaf blight : Grow tolerant varieties viz.
Lakhimi and Mahsuri.

c) Sheath blight :

(i) Two sprays of carbandazim (1 g/litre) should
be given first at appearance of symptoms and
the other at 10 days after first spraying.
Mancozeb (2.5 g/litre) or Hexaconazole 5 EC
(2 ml/litre) can also be sprayed for controlling
this disease.

(ii) Spraying of two commercial plant-derived
Cymbopogon products viz. Wanis 20 EC @ 5
ml/litre and Neemazol @ 3 ml/litre is
recommended for management of sheath blight
disease of rice. The first spraying should be
given as soon as symptom of the disease is
observed in the field followed by a second
spraing at 10-12 days interval.

d) Brown spot disease : Dry or wet seed treatment
with Carbandazim @ 1g/kg of seed followed by
one sprayning of Mancozeb @ 2.5 g/litre or
Ediphenphos @ 1ml/litre or carbandazim @ 1g/
litre at initial symptoms development stage is
recommended for managing brown spot disease.

e) Bakanae disease : Soak the seeds for 24 hours
with Carbandazim @ 1 g/litre of water or
Thiophenate Methyle @ 1 g/litre. Rogue out the
infected tillers (elongated) from infected hills.

Deficiency of nutrients

With soil and plant sample analysis or sometimes
through visual symptoms deficiency of nutrient (s)
identified and application is carried out.

Non availability of fertilizers

(i) If SSP is not available then Diammonium
phosphate may be used by appropriate
adjustment with urea;

(ii) If SSP is not available in time then application
can be delayed up to 30 days after
transplanting;
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(iii) Granular mixed fertilizer of 15:15:15 can also
be used to meet the NPK requirement of rice
crop;

(iv) For raising two successive rice crop i.e.
Autumn rice followed by Winter rice @ 300
kg/ha Mussori Rock Phosphate at least 20 days
ahead of autumn rice transplanting. Application
of FYM as per recommendation helps in rapid
release of phosphorus from the source.

(v) Azolla can be grown as dual cropping or
incorporate in soil to supplement nitrogenous
fertilizer.

(vi) Integrated Nutrient Management i.e. combined
application of organic and inorganic form of
nutrient helps to reduce the use of chemical
fertilizers.

(vii)Organic farming can be pursued with the use
of Compost, vermi-compost, Mustard Oil
Cake, Biofertilizers etc
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ZONE 3. TRANS GANGETIC PLAINS
The zone has geographic area of 12.0 million hectare mainly in states of Punjab, Haryana

and union territory of Delhi, Chandigarh and district of Ganganagar in Rajasthan. The low rainfall
zone but well developed irrigation facilities. Two main centres and three on-farm centres of
AICRP on Cropping Systems are located in the zone. The scientific information as generated
with special reference to resource efficient alternative cropping systems representing fallowing
zones of Punjab and Haryana states are discussed here.

● Zones of Punjab

● Zones of Haryana

ZONES OF PUNJAB*

Eighty four per cent of the total geographical area
of the Punjab state is intensively cultivated with 189
per cent cropping intensity. Irrigation facilities are well
developed and about 96 per cent cultivated area is
irrigated with canals or tube wells or both. Rice-wheat
is the predominant cropping system and occupies 72
per cent of the total cultivated area. The area under
rice has increased tremendously at the cost of area
under maize, groundnut, moong and presently rice is
grown on about 26.42 million hectares. The rapid
spread of rice-wheat system has mainly been attributed
on account of its better adaptability, availability of high
yielding varieties and mechanization of both crops. The
farmers are further encouraged by the favourable
Government policies of minimum support price and
committed procurement and free electricity supply for
tubewells. Rice crop caused severe over exploitation
of the underground water resources to meet the water
requirement of the crop and resulted in the declining
water table (74 cm/year in central Punjab) which has
become the serious concern during these days. On
account of irrigation facilities and better adaptability,
its cultivation has been extended to sandy soils having
low water retentivity, which has led to the irrational
use of irrigation water and deficiency of micronutrients
viz. iron, zinc has become very common. Rice being
an exhaustive crop responds favourably to the
chemical fertilizers, however, its productivity has
reached at a plateau and staggering around 6 t ha-1.

Though, the adequate application of chemical
fertilizers has continue to increase the yield of paddy
but the response in terms of kg grain  kg-1 of nutrient
declined from 15.0 in 1975-76 to 7.6 in 1988-89;
indicating the sign of distortion in balanced availability
of nutrients to the crop on an average to produce one
tonne of grain, the rice crop removes about 20-25 kg
N, 3-5 kg P, 25-30 kg K, 2-3 kg S, 4-6 kg Ca, 3-5 kg
Mg, 300-500 g Fe, 75-125 g Mn, 50-125 g Zn and 40-
70 g Cu. The crop varieties with high yield potential
remove higher quantities of nutrients from the soils
and the depleted nutrients are replenished through
supplementary application of fertilizers. The prime task
on the coming times is thus to restore and sustain them
at high level of productivity.

Production potential and yield gaps

The average yield of rice in Punjab state was 58.0
q/ha. The potential yield which could be achievable in
Punjab is 75.0 q/ha The yield gap between actual
present yield and potential yield is  17.0 q/ha. This
shows that management needs to be improved.
Similarly, system production in other crops can be
increased upto level ranging from 6.8 to 127.2 q/ha in
different crops as shown in Table 1. The crop index
for all crops including alternate crops are more than
100 except groundnut which shows that Punjab is
most efficient zone and in Punjab the alternate crops
than rice-wheat can very successfully be raised. In
Punjab, the spread index of rice and wheat crops is
5.99 and 12.46 and for potato, maize and onion is 4.55,

* Contributed by S.S. Walia and M.S. Gill, Department of Agronomy, Punjab Agricultural University, Ludhiana
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1.86 and 1.31, respectively. The bajra, groundnut and
moong crops registered less than one spread index.

Efficient alternative cropping systems

The total number of tubewells operating in the
state are around 11.9 lakh enabled to irrigate about
72 per cent of the cropped area. Such high intensity
of tubewells aggravated the situation of declining
water table which is further coupled with the non-
adoption of irrigation schedule and improved practices
ultimately affecting productivity. The total water

requirement of rice-wheat system was estimated to
212 cm, amounting to more than 75 per cent for rice
crop alone. Thus, to reduce water consumption,
effective saving must be must be done for rice
cultivation which is the formidable guzzler of water in
rice-wheat system. The major cropping systems were
developed as per different agro-climatic zones with
rational use of the resources.

The data given in Table 2 revealed that there is
sufficient scope to replace rice-wheat cropping system
with other cropping systems without any decline in

Table 1. Individual crop information with respect to variety, duration, average yield of the state, spread index, stability
index, man-days used

Crop Variety Duration Max. Av. yield Yield Av. yield Spread Crop Man
(days) yield of the gap of the index index days

harvested state (q/ha) country used
(q/ha) (q/ha) (q/ha) (No./ha)

Rice PR 116 119 75.0 58.0 17.0 33.0 5.99 175.8 80

Maize PMH 1 95 54.5 34.1 20.4 23.37 1.86 145.9 74

Summer SG 99 116 29.0 10.0 19.0 14.60 0.07 67.1 75
groundnut

Potato Kufri 90 333.0 205.8 127.2 149.03 4.55 137.6 105
Chandermukhi

Onion ADR 120 230.9 222.4 8.5 123.57 1.31 186.9 110

Summer SML-668 60 13.2 6.4 6.8 3.2 0.41 212.5 16
Mungbean

Bajra fodder PCB-15 60 356.5 300.0 56.5 150.0 0.06 186.7 10

Wheat PBW 343 155 65.0 45.1 19.9 27.1 12.46 166.4 23

Source: Anonymous (2008)

Table 2. Rice equivalent yield of different cropping systems

Cropping system Economic yield (q/ha) Rice equivalent Total
yield (q/ha) calories

Kharif Rabi Summer (KX 1000)

Maize-Potato-Onion 55.3 306.0 230.9 278.6 23035

G.nut-Potato-Bajra (F) 29.0 333.0 356.5 233.0 19673

Maize-Potato-Moongbean 54.5 326.7 13.2 191.0 26217

Maize-Wheat-Moongbean 54.5 61.2 12.3 161.8 43922

Rice-Wheat 63.5 51.10 - 132.4 39652

Price (Rs/q)/K.Cal. (per 100 gram) :Wheat, 1005(346); Rice, 745(346); Maize, 700(342); Potato, 250(97); Onion, 400(50); Oilseed, 2500,;
Mungbean, 1700(334).
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economic yield rather it improved substantially. The
maize-potato-onion; summer groundnut-potato-bajra(f),
maize-potato-summer moong and maize-wheat-
summer moong gave 2.1, 1.8, 1.7 and 1.3 times more
productivity over rice-wheat system which clearly
elucidated the superiority of these systems over rice-
wheat system. These systems also helped to save 82-
144 cm of irrigation water (Table 3).

The maize-potato-onion system gave the highest
productivity (278.6 q/ha/annum) and used 82 cm less
water than rice-wheat system with a productivity
margin of 132.4 q/ha/annum. The summer groundnut-
potato-bajra (fodder) system gave 233.0 q/ha/annum
productivity with 103 cm irrigation water (Table 3)
leading to 109 cm saving of water.

Maize-potato-summer moong cropping system
gave 191.0 q/ha/annum productivity with total irrigation
water used as 92 cm, thereby indicating the net saving
of irrigation water to the extent of 120 cm. The maize-

wheat-summer moong produced 161.8 q/ha/annum
productivity and used only 68 cm irrigation water
which was 68 per cent less than irrigation water used
for rice-wheat system.

The net returns were maximum Rs. 1,25,023/ha/
annum in maize-potato-onion system and it was 2.09
times more over rice-wheat system (Table 3). The net
returns in the other cropping systems like maize-
wheat-moong, maize-potato-moong and summer
groundnut-potato-bajra (fodder) were Rs. 72797,
78588 and 111839, respectively.

The quantity of water used in the maize-potato-
onion; summer groundnut-potato-bajra(f), maize-
potato-summer moong and maize-wheat-summer
moong was 38.7, 51.4, 50.5 and 56.6 per cent less than
quantity of water used for rice-wheat system (2120
X 104 litres). The corresponding value in terms of
saving of electricity consumption (per ha basis) was
758, 1008, 990 and 1110 electricity units with electricity

Table 3. Net return, irrigation water applied and production efficiency of different cropping systems

Cropping system Total Gross return Net return Irrigation water
variable cost (Rs/ha/year) (Rs/ha/year) applied
(Rs/ha/year) (cm/ha/year)

Maize-Potato-Onion 83383 208406 125023 130

G.nut-Potato-Bajra (F) 62435 174274 111839 103

Maize-Potato-Moong 64250 142838 78588 105

Maize-Wheat-Moong 48255 121052 72797 92

Rice-Wheat 39318 99060 59742 212

Table 4. Energy consumption of different cropping systems for irrigation purpose

Cropping system Irrigation water Time (Hours Electric consumption Cost of electricity
use efficiency /ha/ annum) of (units/ha/ annum) consumption
(kg grain/ m3 5 HP motor* of 5 HP motor (Rs/ha/annum)
water used)

Maize-Potato-Onion 2.138 325 1205 3615

G.nut-Potato-Bajra (F) 2.262 258 955 2865

Maize-Potato-Moong 1.819 263 973 2918

Maize-Wheat-Moong 1.759 230 853 2553

Rice-Wheat 0.625 530 1963 5895

* with discharge of 15 litres/second with 74 % irrigation efficiency
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bill amounting Rs 2280, 3030, 2978 and 3343 per ha
over rice-wheat system, respectively (Table 4). The
groundnut-potato-pearlmillet (fodder) system showed
the highest water productivity of 2.262 kg grain/m3

irrigation water followed by maize-potato-onion (2.138
kg grain/m3 irrigation water). The least water
productivity of 0.625 kg grain/m3 irrigation water was
observed in rice-wheat cropping system.

Replacement of 5 per cent rice-wheat area (2.6
million ha) by these alternative crop rotations will
amount to the saving of about 135850 ha-m irrigation
water with additional net return of Rs. 4650 million to
the farmers and saving of 162 million electricity units
amounting Rs 378 million.

Soil fertility status

The organic carbon status in the soils under
different cropping systems (Table 5) after the
completion of seven years was reduced over the initial
status (0.53%) except in maize-potato-onion and
summer groundnut – potato – bajra (F) , where it
remained the same (0.53%). The maximum reduction
was recorded in rice-wheat system. In maize based
cropping systems  where FYM was applied @ 10 t/
ha, the values of OC were also reduced but the
magnitude of decline was less as compared to the rice-
wheat cropping system. The groundnut being
leguminous crop followed by potato which receive
farmyard manure and pearl millet cropping system
showed same organic carbon content as that in the
initial year of experimentation.

The available N-status monitored after 7 years of
cropping systems indicated the improvement in N-
status over its initial value (185.9 kg/ha). The lowest
N-status was recorded in rice-wheat cropping system
(218.1 kg/ha). The maize-potato-mungbean and maize-
potato-onion being input intensive high yielding systems
showed comparatively better levels of available
nitrogen but these were also found in the low category
(Table 5).

The results revealed that application of farm yard
manures to potato and maize crops helped significantly
in the build up of phosphorus status over the rice-
wheat cropping system. The highest P level of 48.9
kg/ha was observed in maize-potato-onion cropping
system which was followed by maize– wheat–
summer mungbean. In the maize-potato-onion
phosphorus status was 48.9 kg/ha and in maize-wheat-
summer moongbean it was 46.2 kg/ha. The lowest
level of available phosphorus (32.1 kg/ha) was
recorded in rice-wheat system. The available K-status
after completion of 7 years followed the similar trend
as observed in available P status. The maximum build
up of K was accrued in maize based cropping systems
(142.6 to 160.8 kg/ha). The lowest value was recorded
in rice-wheat system (128.6 kg/ha) which was 25.0,
16.6 10.9 and 6.3 per cent lower than maize-potato-
onion, maize-potato-summer moongbean, maize-
wheat-summer moongbean and groundnut-potato-
bajra (F) systems, respectively.

Soil micronutrients status

Micronutrients status (zinc, copper, iron and
manganese) in the soil under different cropping

Table 5. Soil fertility status after 7 cropping cycles (0-15 cm depth)

Treatment OC (%) N (kg/ha) P (kg/ha) K (kg/ha)

Rice – Wheat 0.41 218.1 32.1 128.6

Maize – Wheat –  Summer mungbean 0.47 232.8 46.2 142.6

Maize – Potato – Summer mungbean 0.51 240.0 45.3 149.9

Maize – Potato – Onion 0.53 252.1 48.9 160.8

Summer groundnut – Potato – Bajra (F) 0.53 229.6 45.8 136.7

Initial status 0.53 185.9 43.7 131.9
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systems were determined after the rabi crop. The
maize based cropping systems especially maize–
potato–summer mungbean and maize–potato–onion
maintained the higher levels of zinc (3.20-6.68 ppm),
copper (0.42-0.69 ppm), iron (9.64-10.45 ppm) and
manganese (8.49-12.42 ppm) as compared to the rice-
wheat cropping system (Table 6). However, all the
values of micronutrients under different cropping
systems were in sufficient range.

Microbial properties

The data presented in Table 7 revealed that the
bacterial population improved in the month of February
over December under wheat in both rice-wheat and
maize-wheat-summer moongbean system. The fungi
population count in the month of February also
improved over December. However, its count in potato
during February reduced over December and the fungi
population count under onion was almost same during
December and February. The actinomycetes
population in wheat when observed during February

was reduced over December month. However, the
actinomycetes population of potato and onion in maize-
potato-summer moongbean and maize-potato-onion
was almost same in December and February. The
actinomycetes population count was improved in potato
in summer groundnut – potato – bajra (F) in February
over December (Anonymous 2008).

The soil microbial population of different cropping
systems showed a varied trend both for the systems
and the type of micro-organisms. The data presented
in Table 7 a and b showed that the bacterial and fungal
population was highest in wheat crop while
actonomycetes population was highest in potato crop
in groundnut-potato-bajra (fodder) cropping system.
The highest bacterial and actinomycetes counts of 24.0
x 106 cfu/g and 17.8 x 103 cfu/g were observed in
onion in maize-potato-onion system. The highest fungal
counts of 20.4x103 were seen in wheat crop of maize-
wheat-summer moongbean system. It may be inferred
that factors like the type of crop, the cropping system,
the soil and the nutrients contribute differently towards
development of micro flora.

Table 7.  Microbial count of soil under different cropping systems

Cropping system Crop Viable count (cfu/g)

Bacteria (x106) Fungi (x103) Actinomycete (x103)

Ist year IInd year Ist year IInd year Ist year IInd year
Dec. 2007 Dec. 2008 Dec. 2007 Dec. 2008 Dec. 2007 Dec. 2008

Rice-wheat Wheat 15.3 19.1 17.8 21.5 29.9 10.8

Maize-wheat-summer moongbean Wheat 18.3 23.7 14.3 20.4 17.7 10.7

Maize-potato- summer moongbean Potato 10.3 15.5 16.2 11.7 8.6 8.4

Maize-potato-onion Onion 13.6 24.0 16.2 16.4 18.0 17.8

Summer groundnut – Potato – Bajra (F) Potato 7.8 20.2 18.7 16.0 8.4 12.3

Table 6. Micronutrient status after rabi 2007-08 in 0-15 cm depth

Treatment Micronutrient status in soils (ppm)

Zn Cu Fe Mn

Rice – Wheat 2.97 0.52 9.66 8.72

Maize – Wheat –  Summer mungbean 3.20 0.42 10.45 8.49

Maize – Potato – Summer mungbean 6.68 0.69 9.64 10.92

Maize – Potato – Onion 6.16 0.66 10.56 12.42

Summer groundnut – Potato – Bajra (F) 2.88 0.71 7.69 10.50
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Package of practices

Keeping in view the wider adaptability of rice-
wheat cropping system, an effort was made to find
out the alternative cropping system with regards to
productivity, profitability, sustainability and resource
conservation. The cropping systems which not only
gave more productivity than rice-wheat system but
also help to save substantial quantity of irrigation water
are as follows:

Maize-Potato-Onion

Summer groundnut-Potato-Bajra fodder

Maize-Potato-Summer moong

Maize-Wheat- Summer moong

In maize-potato-onion cropping system, the maize
is grown during June to September using standard
package of practices. Potato sown in September and
harvested in middle of January. Onion nursery is
transplanted by keeping row to row spacing of 15 cm
and plant to plant at 7.5 cm. The nursery for one ha
of onion should be raised using 10 kg seed in 500 sq.
m area in the month of October. Onion crop is
harvested in first week of May.

In summer groundnut-potato-bajra (fodder)
cropping system, summer groundnut is sown by dibbing
in first week of May at 30 cm row spacing and 15
cm plant to plant spacing and potato is sown in the
end of September to early October and haulms of
potato are cut in the month of January. The potato is
uprooted in second fortnight of February and then bajra
(fodder) is sown in the end of February to 1st week

of March. Bajra seed should be sown at 20 cm row
spacing using 15-20 kg seed per hectare.

In maize-potao-summer moong system, maize
crop should be sown during first fortnight of June using
20 kg seed /ha at 60 cm row to row spacing and 22
cm plant to plant spacing. It vacates the field in the
end of September where potatoes can be grown.
Potato crop is uprooted in the end of February and
moong can be sown from 20th March.

In maize-wheat-moong sequence, after maize and
wheat the summer moong variety SML 668 may be
sown by 20th April using 37.5 kg seed/ha at 22.5 cm
spacing.

The package of practices involving varieties,
herbicides, fertilizer dose and seed rates etc. to be
used in different crops under promising systems are
discussed below:

Groundnut

The promising varieties as identified for Punjab
state are given in Table 8 which can be grown for
obtaining higher yield.

Seed rate : M 522 - 95 kg seed per hectare; M
548 - 90 kg seed per hectare; SG 99 - 100 kg seed
per hectare; SG 84 - 95 kg seed per hectare

Seed treatment : Treat the selected kernels with
5 g of Thiram (Thiride) or 3 g of Indofil (M-45) per
kg of kernels.

Weed management : For controlling weeds in
groundnut, apply Lasso 50 EC (alachlor) herbicide @

Table 8. Promising varieties of groundnut for Punjab

Varieties Oil content (%) Days for maturity Yield (q/ha) Remarks

SG 99 52 123 25.0 It is tolerant to bud necrosis disease. Kernals have
light brown colour

M522 51 115 22.5 The pods are medium bold in size with mostly two
kernels per pod

SG84 50 120-130 20.0 The pods are medium in size with one or two
kernels, slight beak and medium construction

M548 51 123 15.0 It is a spreading variety and kernels have purple red
colour
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5 litres dissolved in 500 litres of water per hectare as
a pre-emergence i.e. with in two days of sowing.
Another option is to spray Basalin 45 EC (fluchloralin)
@ 1500 ml per hectare in 500 litres of water uniformly
on a well-prepared seed bed and incorporate before
sowing or sow groundnut on the same day. However,
for control of hardy weeds such as Gha (Arachne
racemosa), Kaon makki (Commelina benghalensis)
etc. can be controlled effectively with preplant
application of Treflan 48 EC (trifluralin at 1500 ml or
pre-emergence application of Lasso 50 EC (alachlor)/
Stomp 30 EC (pendimethalin) @ 2.5 litre per ha each
followed by one hand weeding 45 days after sowing.

Fertilizer management : The fertilizer should be
applied on soil test basis but in general 15-20-25; N-
P

2
O

2
-K

2
O; kg/ha is recommended for groundnut.

Gypsum should be broadcasted and fertilizers should
be applied at the time of sowing. If previous crop is
wheat before groundnut, then recommended dose of
phosphatic fertilizer has been applied to wheat, its
application to groundnut can be omitted.

Irrigation application : Two or three irrigation
may be necessary depending upon the seasonal
rainfall. Give first irrigation at flowering. If the rainfall
is not adequate apply one or two, more irrigations,
depending upon the time of recession of monsoon,
during the pod formation period for proper
development of pods. Another irrigation, a few days
before the harvest, may be given for full recovery for
pods from soil.

Plant protection : Sometimes Aphid becomes
serious when rainfall is low. It can be controlled by
Spraying 625 ml of Malathion 50 EC or 37.5 ml of
Rogor 30 EC in 200 litres of water/ha.

Bajra fodder

Promising varieties : PCB-164 with average
hieght of 207 cm, yields 525 q/ha. This variety have
medium stalks and flexible stem. It is highly resistant
to downy mildew. Another variety FBC with 235 cm
plant height, long and broad leaves remain green at
maturity and resistant to major diseases. It yield about
575 q/ha.

Seed rate : 15-20 kg/ha

Seed treatment : Treat seed with 3 g of Agrozim
+ Thiram (1:1) or Agrozim : Captan (1:1) per kg of
seed to prevent seed rot and seedling mortality.

Weed management : For control of Itsit apply
Atratof 50 WP (Atrazine) @ 500 g/ha in 500 litre of
water two days of sowing

Fertilizer management : Apply 25 tonnes/ha of
FYM or compost before preparing the land and apply
50 kg of N/ha in 2 doses – one half as the basal dose
and second half after 3 weeks.

Irrigation application : Two to three irrigations
are usually sufficient. Standing water is harmful, hence
avoid water-logging.

Plant protection : Spray 5.0 litre of Malathion
50 EC in 250 litre of water/ha by directing the spray
towards the base of the plant and irrigate the crop
immediately for controlling root bug and for controlling
grass hopper apply Malathion dust 5% @ 25 kg/ha.

Summer moong

Promising Varieties : SML-668 which matures
in 60 days and gives about 11.5 q/ha yield. It is tolerant
to mungbean yellow mosaic virus disease and thrips.
Pods are long with thick coat.

Seed rate : 37.5 kg/ha

Seed treatment : Treat the seed with Captan or
Thiram @ 3 g per kg of seed against seed-borne
diseases.

Weed management : Apply Basalin 45 EC
(fluchloralin) @ 1500 ml/ha on well prepared seed-
bed and then sow the crop on same day. Alternatively
spray 2.5 litre Stomp 30 EC (pendimethalin) or apply
1500 ml Stomp 30 EC and one hoeing about 4 weeks
after sowing. For spraying herbicides, use 375-500 litre
of water/ha. These herbicides provide good control of
many annual grasses and broad leaf weeds.
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Fertilizer management : Drill 12.5 kg of N along
with 40 kg of P

2
O

5
/ha at the time of sowing of summer

moong to be sown after wheat.

Irrigation application : Apply 3 to 5 irrigations.
Irrigation should be stopped about 55 days after
sowing for obtaining high yields.

Plant protection : For controlling thrips spray
crop at bud initiation stage with 1500 ml triazophos 40
EC or 2250 ml endosulfan 35 EC or 250 ml of Rogor
30 EC (dimethoate) or malathion 50 EC (malathion)
or 310 ml (metasystox) 25 EC (oxydemeton methyl)
in 200-250 litres of water/ha.

Potato

Promising varieties : The promising varieties of
potato most suited for Punjab are listed below.

Variety Days to Av. Yield Remarks
maturity (q/ha)

Kufri 80-90 250 It is susceptible to late
Chandramukhi blight

Kufri 75-80 275 It escapes late blight due to
Ashoka earliness

Kufri 70-75 325 Its tubers are large uniform,
Pukhraj oval, white with fleet eyes

Kufri 90-110 300 Tubers show variable degree
Jyoti of cracking & resistance to

late blight

Kufri 80-90 350 Due to compact light green
Jawahar foliage & erect habit, it is

suitable for intercropping.

Kufri 90-100 350 Tubers are large, oval,
Sutlej smooth with white skin &

shallow eyes

Kufri 110 350 Tubers are red round,
Lalima smooth with deep eyes

Kufri 100-110 312.5 It is susceptible to late
Bahar blight

Kufri 110-120 300 Its Tubers become hollow
Sindhuri under very high fertility

condition.  Suitable for
making dehydrate dice,
instant flakes and canning.

Kufri 100-110 325 It is moderately resistant to
Badshah late blight.

Seed rate : 30-45 q/ha

Seed treatment : To control black scurf,
charcoal rot and common scab, treat the tubers with
Tofasan or Emisan @ 6.25 g per litre of water for 10
minutes after taking out of cold storage.

Fertilizer management :  50 tonnes of Farm Yard
Manure or green manuring along with 187.5 kg of N,
62.5 kg P

2
O

5
 and 62.5 kg of K

2
O/ha should be used.

Drill all P and K and half N at sowing and remaining
N at the time of earthing up.

Irrigation application : Irrigation requirement
for potato crop are 7-8.  Ist irrigation is given
immediately after sowing to ensure better germination.
While apply irrigation avoid the over flooding of ridges
and subsequent hardening of the soil surface which
interferes with emergence.

Plant protection :  Spray the crop with 750 ml
of Rogor 30 EC or Metasystox 25 EC in 200-250 litre
of water/ha as soon as jassid appears.

For controlling late blight of potato, spray the potato
crop with Antracol Indofil M-45/Kavach @ 1250-1750
g or copper oxychloride 50 WP @ 1.875 to 2.5 kg/ha
in 625-875 litre water in first week of November
before the appearance of late blight disease followed
by 5 more sprays at weekly interval. If the previous
crop was infected and disease risk is heavy due to
humid weather, then give first spray of Ridomil MZ/
Curzate M-8 @ 1.250 kg/ha followed by three sprays
of Indofil M-45/Kavach/Antracol @ 1.750 kg/ha at
weekly interval (Anonymous 2008 veg).

Maize

Promising varities : The promising varities of
maize for Punjab are listed below.

Variety Days after Av. Yield Remarks
maturity (q/ha)

PMH 1 95 52.5 The stem has purple colouration
and zig-zag and sturdy

F 9572 A 95 51.25 It is resistant to lodging and it
is moderately susceptible to
post flowering stalk rots.  Ears
are thin and long with good tip
filling.
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Parbhat 95 43.75 Thick stem which resists
lodging and husk covers are
well developed. Grains are
medium bold, yellow-orange
and semi-flint to flint.

Kesri 85 40 The ears are thick at base, taper
towards the tip.

PMH 2 83 45 The hybrid resists lodging and
is tolerant to bacterial stalk rot.
Cob colour is white.

JH 3459 84 43.75 It is moderately resistant to
bacterial stalk rot. Grains are
attractive shining orange flint.

Punjab Sathi 170 22.5 It is a heat tolerant, extra early
maturing composite variety.
The silks are generally light
green.

Seed rate : 15-20 kg/ha depending upon variety.

Seed treatment : The seed should be treated with
fungicide such as Bavistin or Derosal or Agrozim @
3 g per kg seed.

Fertilizer management : Fertilizers should be
applied according to variety, for- Variety PMH 1, F
9572 A, 50 Parbhat and Pb. Sweet corn 1 in general
N

1
 P

2
O

5
 and K

2
O should be 125 – 60 - 30  kg/ha and

for PMH 2, JH 3459, Kesri and Pearl popcorn N, P
2
O

5

and K
2
O should be 87.5 – 30 – 20 kg/ha and for

Punjab Sathi 1, N- P
2
O

5 
and K

2
O is 62.5-30-20 kg/

ha.

Irrigation application : Generally, 4-6 irrigations
depending on the rainfall.  Adequate water supply
particularly during pre-tasselling and silking stage.

Weed management : Apply Atrataf 50 WP
(Atrazine) @ 2000 g/ha on medium to heavy textured
soils and 1250 g/ha in light soils within two days of
sowing, in 500 litres of water.  Where itsit is not a
problem. Lasso 50 EC (Alachlor) can also be applied
@ 5 litres per acre in 500 litres of water within two
days of sowing (pre-emergence). For controlling hardy
weeds such as Bans patta, Kaon makki, Arachne Ghas
etc., tank mix application of Atrataf (atrazine 50 WP)
1.5 kg/ha with Stomp or lasso or Treflan at 2.5 litre/
ha each can be done as pre –emergence by dissolving
in 500 litres/ha of water.

Plant protection : For control of maize shoot fly
apply Furadan 3 G (Carbofuran) @ 12.5 kg/ha or
Thimet 10 G (Phorate) @ 10 kg/ha in the furrows at
the time of sowing.  For the control of Jassid, thrips,
pyrilla, grey weevil and leaf feeding insects spray
Metasystox 25 EC (Oxydemeton methyl) or Rogor 30
EC (dimethoate) @ 500 ml/ha in 125 litre of water
with manually operated knap- sack sprayer or in 50
litres of water with a low-volume sprayer.

Rice

Promising varieties : The promising varieties of
rice for Punjab are listed below.

Variety Plant Average Remarks
height (cm) yield (q/ha)

PR 118 104 72.5 Resistant to bacterial leaf
blight.

PR 116 108 70.0 It has light green erect
leaves and resistant to
bacterial leaf blight.

PR 114 102 67.5 It has light green erect
leaves and resistant to
bacterial leaf blight.

PR 111 97 68.8 It is early maturing
resistant to bacterial leaf
blight.

PR 108 117 66.3 It has tolerance to sheath
blight and white backed
plant hopper.

PR 106 107 65.0 It is susceptible to bacterial
leaf blight.

PR 105 100 62.5 It has long erect flag leaf
which protects plant
against bird damage.

PR 113 105 70.0 Grains are bold and heavy.

Seed rate : 20 kg seed per hectare

Seed treatment : Seed should be treated with
Ceresan wet 25 g and 2.5 g Streptocycline 20-25 litre
of water by dipping the seed for 6-8 hours.

Time of nursery sowing : The pre sprouted
seed should be sown from 10 May to 20 May in a
field where 30 – 37.5 tonne/ha FYM has been applied.



Efficient Alternative Cropping Systems

50

Nursery for transplanting : On attaining the
height of 20-25 cms when the plant is 25-30 days old
with 5-6 leaves should be transplanted for early
establishment.

Time of transplanting : The optimum time of
transplanting is 10-20 June and two seedlings should
be transplanted in each hill.

Plant population : To obtain the maximum yield
the plant density should be 33  hills/ m2 which can be
obtained by keeping row to row and plant to plant by
20 and 15 cm.

Weed management : The butachlor weedicide
@ 3 l/ha after mixing with 150 kg sand need to be
applied 2-3 days after transplanting in standing water.
Care should be taken that the field should not be over
flowed and depth of water may range upto 10 cm.

Fertilizer management : The fertilizer should be
applied on soil test basis but in general 120-30-30; N-
P

2
-O

5
-K

2
O; kg/ha is recommended for paddy. The

paddy crop is highly responsible to green manure and
it respond to green manure equivalent to the chemical
fertilizer. The long term investigations of cropping
system research revealed that 50 per cent NPK
saving can be made provided green manure is practised
before paddy transplanting. For this dhaincha/
sunhemp is sown using 50 kg seed rate/ha after the
harvesting of wheat crop and it should be incorporated
in the soil on attaining the 40-50 days age.

Irrigation application : To ensure the better
establishment and to increase efficacy of applied
herbicides, water should be kept ponded for first 15
days and thereafter irrigation should be applied after
two days of the applied water when soaked in. The
irrigation should be withheld 15 days before harvesting
it will ensure the appropriate working conditions to run
the harvesting combine and simultaneously to bring the
moisture content in the seed upto permissible limit (18
per cent).

Plant protection : Sometimes when dry weather
prevails over longer period the attack of leaf folder
takes place. To control this insect, apply Hostathion
@ 875 ml or 2.5 litre Chlorpyriphos after mixing in

200 litres of water/ha. Both the insecticides can also
be used for the control of Stem borer.

The incidence of most of the disease can be put
under control after growing the recommended varieties
as quoted above.

Wheat

Promising varieties : Promising varieties of
wheat are listed below.

Variety Plant Days Yield Remarks
height for (q/ha)
(cm) maturity

DWR 17 87 155 50.0 Resistant to all races of
strip rust, moderately
resistant to leaf rust and less
susceptible to Karnal bunt.

PBW 550 86 146 52.0 Resistant to yellow and
brown rusts and susceptible
to Karnal bunt and loose
smut diseases.

PBW 502 95 150 48.8 Susceptible to new races of
yellow rusts and resistant
to brown rust, less
susceptible to Karnal bunt
and susceptible to loose
smut diseases.

PBW 343 100 155 47.5 Susceptible to new races of
yellow rusts and resistant
to brown rust and leaf
blight, susceptible to Karnal
bunt and loose smut
diseases.

WH 542 90 155 46.3 Susceptible to new races of
yellow rusts and resistant
to brown rust but
susceptible to Karnal bunt
and loose smut diseases.

Seed rate : 100 kg seed per hectare for all
varieties excepting WH 542 (87.5 kg/ha)

Seed treatment : Seed should be treated with 4
ml Dursban/Ruban/Durmet 20 EC (chlorpyriphos) or
7 ml Thiodan 35 EC (endosulphan) or 6 ml Regent 5
% (fipronil) per kg wheat seed against termite and with
Vitavax @ 2 g/kg or Raxil @ 1g/kg or Bavistin/
Agrozim/Derosal/J K Stein/ Sten 50/Provax/ Bencor
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and four weeks after sowing to late sown wheat crop.
For timely sown crop apply last irrigation around 15
march and for crop sown after December 5, continue
irrigation upto April 10.

Plant protection : Sometimes with increase in
temperature the attack of aphid takes place. To
control this insect, spray 375 ml Rogor 30 EC
(dimethoate) or Metasystox 25 EC (oxydemeton
methyl) or Nuvacron 36 SL (monocrotophos) in 200-
250 litres of water/ha. To control yellow rust spray
the wheat crop with 500 ml Tilt dissolved in 500 litres
of water/ha.

Contingency planning

Contingency planning is a plan designed to take
account of a possible future event or circumstances.
So, contingency crop planning means planning crops
in such a way to mitigate the adverse effects or future/
prevailing biotic and abiotic stresses.

Dry spell immediately after sowing

In some years a dry spell may occur after sowing
of crop which led to poor germination due to soil crust
formation.

1. Re-sowing: When there is a severe dry spell
and the plant population is poor, re-sowing of
the entire field using same or new crop after
subsequent rains is necessary. The re-sowing
in case of moong gave a good illustration of
the advantage gained by re-sowing. Re-sowing
with new suitable crop may also be
considered under such crop conditions. For
instance, in case of failure of rice, reseeding
of maize in kharif season can be done up to
August month. After maize farmers can sow
wheat/sunflower/mentha crops; toria and
gobhi sarson intercropping (1:1) can be sown
in mid September.

2. Gap filling: In case of long gaps occurred
early in season then gap filling is done by
sowing seed, However, when gap occur at
later stages, it becomes more devastating for
the crop yields. If the sown crop is suitable

@ 2.5 g/kg seed for the control of loose smut. Treat
the seeds with Captan or Thiram @ 3g/kg if seed is
infested with black tip and head scab.

Time of sowing : For securing the best grain
yield, wheat must be sown at optimum time and
delayed sowing causes gradual decline in the grain
yield of wheat. A delay in one week in sowing reduces
wheat yield by about 150 kg per acre. Sowing of long
duration varieties (DWR 17, PBW 502, PBW 343,
PBW 502) should be commenced from fourth week
of October to save these from high temperature near
maturity and the sowing of PBW 550 should be done
between first week of November to fourth week of
November.

Spacing : To obtain the maximum yield the
sowing should be done in closer row spacing of 15
cm. However, the row spacing of 20-22 cm gives
good yield.

Weed management : The broad leaf weeds can
be controlled by spraying 2,4-D @ 625 g/ha 35-45 days
after sowing in normal sown crop and 45 to 55 days
after sowing in late sown conditions. For controlling
hardy weeds especially Kandiali palak, spray Algrip
20 WP (metsulfuron) at 25 g/ha in 250 litres of water/
ha, 30-35 days after sowing of wheat crop. The new
emerging broadleaf weed Button booti (Malva
neglecta) can be controlled by spraying Aim 40 DF
(carfentrazone-ethyl) at 50 g/ha in 500 litres of
water, 30 days after sowing of wheat crop.

For controlling Phalaris minor –a problematic
weed of wheat in North Indian states, apply
Isoproturon 75 WP at 1.250 kg/Clodinafop 15 WP at
400 g/Pinoxaden 5 EC at 1 litre/Fenoxaprop-p-ethyl
10 EC at 1 litre/Sulfosulfuron 75 WG at 32.5 g/ ha
30-35 days after sowing.

Fertilizer management : The fertilizer should be
applied on soil test basis but in general 120-60-30; N-
P

2
-O

5
-K

2
O; kg/ha is recommended for wheat crop.

Apply half nitrogen dose, full phosphorus and
potassium at sowing and remaining half nitrogen at first
irrigation.

Irrigation application : Apply first irrigation
three weeks after sowing to timely sown wheat crop
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for transplanting then transplant the gaps using
the excess seedling grown at some other
places. In field with subsequent rains e.g., if
there are gaps in the field transplant three
weeks old cotton seedlings, 60 days old gobhi
sarson seedlings and 45 days old African
sarson seedlings.

Delayed onset of monsoon

Rains may be delayed by about 20-40 days due
to delay in onset of monsoon and late onset shorten
the length of growing season, restricts the choice of
crops and cultivars, limits use of inputs and ultimately
results in low yields. The corrective measures under
delayed onset of monsoon are :

1. Sowing under dry conditions: When ever
the onset of monsoon is delayed then it is
preferable for dry seeding to avoid further
delay in sowing process.

2. Raising nursery and transplanting: The
nurseries can be raised and seedlings could
be transplanted with the receipt of rains e.g.
20-25 days old soybean nursery gave
comparable yield with direct sowing (Singh,
2008).

3. Changing plant population and planting
geometry: Under late sowing conditions,
another practice to remedy the rice yield is
use of more plant population (44 hills/m2 ) by
sowing at 15 × 15 cm spacing instead of 20
× 15 cm (33 hills/m2) .

Early withdrawal of monsoon

If the monsoon terminates earlier than usual, then
it cuts the length of growing season.   The sowing of
succeeding rabi crop may also get affected.

1. Dust mulching: Timely intercultural
operations are important to conserve soil
moisture so that soil moisture may be available
to the crops for their further growth and
development.

2. Supplemental irrigation: Apply
supplemented irrigation, if possible.  Usually
protective irrigation is proposed to be applied
at 55-60 days growth at critical stage.  Due
to early withdrawal of monsoon, the same
may be applied at earlier i.e. 35 to 40 days
growth stage.

3. Early harvest: Crops can be harvested at
physiological maturity or can also be
harvested as fodder purpose.

Mid season corrections

In dry land areas, the farmers usually sow crop
with the onset of monsoon or when soil profile is wet
for 30-40 cm, which is sufficient to meet moisture
requirement of crop during initial period.  The plants
tolerate moisture stress up to 35 days stage then
afterwards the plant show wilting signs.  During this
stage there is need to super impose followings mid
season corrections:

1. Repeated and deep intercultivation: Early
break in rainfall results in soil cracking which
enhances evaporation losses through soil
cavities.  To prevent soil cracking and to break
the capillary loss some inter-cultivation
operations are required. These intercultivation
operations will also uproot weeds.

2. Mulching: If the break in monsoon is small
then soil mulching using crop residues may be
helpful to extend the period of water shortage
by reducing heat load on soil by providing
weed control and by avoiding direct contact
of dry desiccating wind with soil surface.

3. Use of life saving irrigation: From the farm
ponds/well/water harvesting tank, the life
saving irrigation could be given to save the
crop.  The crop growth stages viz.
Germination, tillering/branching/elongation (30-
35 days) are very critical for moisture stress
amongst field crops.
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4. Use of anti transpirants: The anti-
transparent reduce water loss from plant
surface by altering the physiological processes
of plant.  Narang et al (1988) reported that
alachlor and atrazine increased grain yield
significantly over control when applied at
concentrations of 20 mg/litre water, sprayed
twice at monthly interval using 500 litres spray
solution per hectare. They noticed the
conservation of water with anti-transparent,
which enabled plants to maintain a high leaf
water potential and photosynthetic activity.

5. Harvest crop as fodder:  If there is
complete failure of rains and the crop is not
in position to produce seed, such crop may be
harvested as fodder for feeding to the cattle
e.g. maize and sorghum.

High moisture

1. The winter crops could be delayed due to high
moisture content.  There are some alternate
crops like sugarcane which can be grown in
flood prone areas.

2. The floods during rainy season can completely
damage the kharif crop.  But after the event
of recede of flood water catch crops viz.,
toria and potato can be taken.

Pest attack

The failure of crop can also be due to severe
insect-pest and weed infestation. In dryland areas the
attack of termite is quite commonly seen.

• In dryland areas the seed should be treated
with insecticides like chloropyriphos or
endosulphan etc. to save the seedlings from
termite attack.  The amount of chloropyriphos
and endosulphan required for seed is 4 ml and
7 ml/kg wheat seed, respectively.  In case, the
termite attack is observed in later stage, then
2.5 litre endosulphan is required for a hectare.
To save money seed treatment is the best.

• The spring maize can be successfully grown
and good yield can be harvested but the maize
shoot fly attack is commonly observed in
spring maize on young seedlings 3-4 leaves
stage and results in  deformed, twisted and
dead hearted plants. For control of this pest
apply Furadon 3 G (carbofuran) @ 12.5 kg/
ha or Thimet 10 G (phorate) @ 10 kg/ha in
furrows at the time of sowing.

• The pest attack can be minimized by growing
trap crops e.g. soybean in maize (1:1), radish
in potato (1:1) and coriander in onion (1:4). In
onion intercropped with coriander, the aphid
attack on coriander was observed and only
water spray on coriander helped to control
aphid on coriander. The intercropping practice
will enhance the land use efficiency, also help
to produce higher productivity per unit area
and generate more income per unit area
(Anonymous 2008).

• The seeds of every crop must be treated with
fungicides against seed and soil borne
diseases.  The paddy seeds must be treated
with Emisan and Streptocycline to protect the
seeds against Bacterial leaf Blight.

• In Punjab, don’t sow Pusa 1121 (basmati rice
variety) in fields where foot root disease was
noticed in previous year. The foot root disease
is caused by the fungus Fusarium
moniliforme and it is both seed and soil borne
(Anonymous 2008 b).

Drought preventive measures

• Select efficient crops and cropping systems
matching the length of growing season.  Some
of the promising non-rice crops are maize,
groundnut, soybean, green gram, arhar, black
gram, sesame.

• Choose short duration varieties which possess
faster rate of growth, deep and penetrating
root system which shows ability to escape
drought.
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• Store rain water to use as life saving irrigation
during the critical phase of crop growth.

• Perform off season ploughing for moisture
conservation, reduction of pest and weed
problem etc.

• Adopt integrated farming system.  Apart from
crop component, inclusion of animal
components and same ancillary enterprises
like bee keeping, mushroom cultivation,
goatery, poultry, planting fruit trees, timber
species will diversify production and impart
stability to production system.

• Water harvesting (digging ponds and lining) in
10-12% area utilize harvested water through
micro irrigation methods (Sprinkler/drip).

• Moisture conservation through mulching.

• Apply a portion of FYM in seed furrows at
the time of sowing to conserve moisture to
prevent seedling mortality from early drought.

Insect-pest management

The following insect-pest and diseases appear
more frequently under drought situation for which
require constant vigilance to take up timely corrective
measures.

• In cotton, the mealy bug attack will appear
more frequently under drought conditions.

• The problem of termite will be observed in
arhar, groundnut and maize, which can be
tackled by soil drenching with chlorpyriphos
20 EC @ 4-5 ml/litre of water.

• Grass hopper and leaf minor menace will be
observed in rice. These insects can be
controlled by spraying Ekalux/ Quinguard 25
EC (quinphos) @ 2.0 litre/ha or 2.5 litre/ha
Coroban/ Dursban 20 EC (chlorpyrihpos) @
2.5 litre/ha.

• In green gram, black gram, cowpea, the
spread of yellow mosiac virus by insect vector
may increase. Manage the field from insect

vectors by spraying of 250 ml of Metasystox
25 EC (oxydemeton methyl).

• In cotton, the occurrence of sucking pests like
Jassid, thrips, and mites may increase.
Spraying the crop with 100 ml/ha of
Imidacloprid 200 SL (confidor) or 2 litre/ha of
Ethion 50 Ec (fosmite) will decrease the
insect attack.

Disease management

Early and mid season drought favour out break
of diseases like brown spot of rice, red rot of
sugarcane and late season blight result in blast of rice.
It is advisable to spray Tilt 500 ml /ha on rice against
brown leaf spot (Drechslera oryzae), sheath blight(
Corticium sasakii) and sheath rot (Sarocladium
oryzae )diseases.

Flood

• Weed out the rice field; ensure proper plant
population by gap filling.  Top dress N and K
to boost the crop growth.

• In case of no scope of revival of rice crop,
then resow the field with pulses like green
gram or black gram or by maize.

• After flood recedes there is probability of
attack of swarming catterpillar in rice.  Then
spray the crop with chloropyrophos @ 1 litre/
ha.

Non availability of fertilizers

• In case of non-availability of chemical
fertilizers then farmers can grow crops
organically by using organic manures. The
research work done in the department of
Agronomy, Punjab Agricultural University
showed that maize/soybean-wheat, rice/
basmati rice-wheat, maize-potato-onion and
maize-durum wheat-cowpeas cropping
systems can be successfully grown
organically by using organic manures viz.,
farmyard manure, vermicompost, non-edible
cake (castor cake) and green manure.
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• If the chemical fertilizers are non-available
under irrigated agro-eco system then farmers
can grow leguminous crops which require less
nutrition. For example green gram requires
12.5 kg/ha and 40 kg of P

2
O

5
/ha; other low

input requiring crops are black gram,
sesamum 

 , 
soybean, basmati rice during kharif

season and lentil, gram during rabi season.
The research work conducted at Punjab
Agricultural University vividly purported the
following recommendations in case of shortage
of chemical fertilizers:

- In case P is not available at sowing, its
application is equally effective when top
dressed about 3 weeks after
transplanting of paddy.

- If maize follows wheat which received
recommended (60 kg P

2
O

5
/ha) quantity

of P or if the maize crop itself receives
15 tonnes of FYM/ha, the application of
P can be omitted.

- Omit application of phosphorus and
potassium if maize follows wheat which
received recommended quantity of these
nutrients.

- If maize crop regularly receives more
than 15 tonnes of good quality of FYM/
ha, the application of P, K and Zn

 
may

be omitted.

- Under rainfed conditions apply 60 kg N
and 30 kg P

2
O

5
/ha to bajra. Apply ½ N

and whole P with last ploughing and
remaining N about one month later after
a shower of rain followed by hoeing so
as to mix the fertilizer and also to create
soil mulch.

- Under rainfed conditions the dose of N
for maize and wheat can be increased
to 80 kg N/ha in soils of high moisture
storage and restricted to 40 kg N/ha in
loamy sand and sandy soils.

Heat wave

If mercury continues to remain upward for longer
period, it can show adverse effects on wheat grain
yield as the untimely temperature reduces the moisture
content of wheat grain crop and deposition of starch
in the plant and it ultimately affects wheat grain
production. The crops are generally affected by high
temperature during critical phases of development
such as flowering.

1. High temperature during early season:
When the low temperature set in late (January
rather than December). Then developing ears
of timely sown wheat (last week of October)
might be advanced to a cold sensitive stage
which may result in spikelet sterility.

2. Second unexpected cold phase in
February:  After a short duration rise in
temperature in the end January second cold
phase is observed and the maximum
temperature is below normal temperature then
timely sown varieties viz., PBW 343 start
producing new tillers. The more number of
tillers may prove useful in increasing the grain
yield.

3. Rise in temperature in March:  It has
been observed that untimely sudden rise in
temperature results in hastening maturity,
shriveled grains and reduction in yield.

Record wheat yield were obtained in Punjab
during 1999-2000 (4694 kg/ha). Thereafter the
average yield in the state remained below this level
and declined to 4179 kg/ha in 2005-06 followed by
slight upswing in 2006-07 (4210 kg/ha). During the
January 2008, the heavy frost prevailed continuously
for a record period of 16-17 days. This is the first time
that the frost continued for such a long period with
minimum temperature sub zero level. The average
grain yield of wheat was 4510 kg/ha during 2007-08.
An experiment was conducted on conservation
agriculture at Punjab Agricultural University on late
sown wheat during 2005-06. the data given in Table-
9 revealed that recommended practice gave 34.0 q/
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ha grain yield. To reduce the impact of rise in
temperature during March the treatments viz., sprinkler
irrigation gave 2.3 per cent higher wheat grain yield;
one extra irrigation gave 3.8 per cent higher wheat
grain yield and KNO

3
 (1.0 %) foliar spray at anthesis

gave 6.4 per cent higher wheat grain yield over
recommended practice. Similarly these treatments
improved the test weight over recommended practice.

High yield realization

Crop geometry

During the present day agriculture, all efforts are
being focused to reduce the cost of cultivation which
can be accrued with different agronomic manipulations
such as time of sowing, spacing, crop geometry,
conservation tillage, stale bed preparation, crop rotation
etc are the relevant options and the most peculiar
identified are plant density and crop geometry in rice
and wheat crops, respectively. In light of these two
components, research investigations were started in
department of Agronomy.

At farmers’ fields the plant density in rice varied
from 16 to 22 hills/m2 on single plant at each hill against
the recommendation of 33 hills/m2 with atleast two
seedlings per hill. To prove the benefits of this

component research investigation were carried at the
on-station and at cultivators’ fields. Thirty three hills/
m2 were transplanted in recommended practice against
the 22 hills/m2 in farmers practice. The transplanting
was done manually at 20 × 15 cm spacing in
recommended practice and the time of transplanting
varied between 15 June to 25 June. The crop was
harvested 125 days after transplanting. The wheat crop
was sown in first fortnight of November which
matured in 155 days after sowing. Seed rate of 100
kg/ha was sown in 15 cm row spacing followed by
planking.

The results of research experiments revealed that
on an average of three years there was improvement
in crop productivity by 4.6 q/ha in paddy and 4.7 q/ha
in wheat crop, respectively where as in on-farm
research trials conducted at cultivators’ fields by
covering 40 locations in Moga-Ferozepur-Faridkot zone
during 2003-04 and 2004-05 and  16 locations in
Fatehgarh Sahib-Nawanshahr zone during 2005-06,
more plant population in rice and close spacing in
wheat also pronounced synergistic effect and led to
increase the productivity by 6.5 q/ha in paddy and 2.8
q/ha in wheat crop (Table 10 and 11).

Seed treatment

Wheat seed treatment with chloropyriphos @ 4
ml/kg of seed completely evade the damage of termite
throughout the growing season otherwise it leads to
reduce the yield by 2-3 q/ha. To treat the wheat seed
for sowing of one hectare, 400 ml of insecticide is
required costing Rs 72. This volume of insecticide is
diluted with 2.0 litre of water and seed is treated by
sprinkling over the seed. This is highly economical
otherwise to control the termite attack in standing crop
require 5 litre/ha chloropyriphos costing Rs 900/ha
leading to substantial saving with good results.

Table 9. Effect of various manipulations on grain yield of
wheat

Treatment 1000 grain Wheat grain
weight (g) yield (q/ha)

Recommended practice (T
1
) 41.13 34.2

Sprinkler irrigation + T
1

41.55 35.0

One extra irrigation + T
1

42.30 35.5

KNO
3
 (1.0 %) foliar spray+ T

1
42.36 36.4

Table 10. Rice and wheat grain yield (q/ha) as influenced by crop geometry (Research Farm)

Crop geometers 2003-04 2004-05 2005-06 Mean

Rice Wheat Rice Wheat Rice Wheat Rice Wheat Rice Wheat

Recommended practice 15 cm 60.3 51.8 61.5 51.1 61.0 49.4 60.9 50.8
33 hills/m2 spacing

Farmers practice 22.5 cm 54.3 49.0 56.6 45.6 58.0 43.8 56.3 46.1
22 hills/m2 spacing
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Soaking of seed

Another non- monetary under delayed wheat
sowing conditions is the soaking of wheat seed for 4
hours in water then sowing after 24 hour drying the
seed in shade. This technique help to encounter the
delay in sowing for a week without any extra cost.

Timely wheat sowing

The single most non-monetary factor which
determine the total productivity of wheat crop under
Punjab conditions, the appropriate time for wheat
sowing is first fortnight of November. Durum wheat
sowing may be extended in last week of October. In
case wheat sowing is delayed for a week than the
recommended time it causes reduction in yield by 3.75
q/ha by every week.

Bidirectional sowing

To harvest the beneficial effect of solar energy
sowing of wheat is recommended in both directions
in a criss-cross fashion. Half the seed rate in one
direction and the remaining half in other direction. To
compensate the double sowing operation one ploughing
for field preparation is condensed. The benefit accrued
from the use of solar energy extend to 5 q/ha as against
sowing in one direction at 22.5 cm spacing. Likewise,
in rice timely transplanting of paddy (10 to 20 June)
helps to save 20-25 per cent of irrigation water.

Solar heat treatment

This is another non-monetary input considering a
lot for checking the incidence of loose and flag smut
in wheat. The wheat seed is dipped in water during

May months from 8 am to 12 pm and before bringing
it out it is well stirred and all the disease spores start
to float on the water surface which can very easily
pour off and seed is dried in the open thoroughly.

Zero/minimum tillage

Another improved technology leading to
substantial saving fuel energy and also encourage
timely sowing alongwith water saving. This component
help to save on an average Rs 1500/ha and coupled
with other advantage of timely sowing, saving of water
on account of hard surface discourage oxidation
reduction problem in wheat field.

Conservation of soil and rain water

Moisture is the most limiting factor for crop
production under rainfed situation. About half of rain
received during monsoon is lost as run off through
small streams. This causes loss of water for crop
production which otherwise would be used for crop
production but also results in soil erosion. To conserve
soil against erosion and to increase water soaking into
fields on which it falls for further use by crops.

The following or some of practices must be
adopted for conserving moisture in soil profile:

• Level the field, make bunds all around field
and provide proper outlet for disposal of excess
rain water by onset of monsoon.

• Plough the field across the slope by onset of
monsoon to open up soil so that soaking of
water may be enhanced.

Table 11. Grain yield (q/ha) of rice and wheat under agronomic management practices
Experiment (On-farm)

Crop geometers 2003-04 2004-05 2005-06 Mean

Rice Wheat Rice Wheat Rice Wheat Rice Wheat Rice Wheat

18-20 plants/m2 22.5 cm 60.5 52.4 59.8 46.7 61.4 47.5 60.6 48.9
spacing

33 plants/m2 15 cm 65.0 58.3 67.3 47.9 69.0 49.0 67.1 51.7
spacing

No. of locations 20 20 20 20 16 16 - -



Efficient Alternative Cropping Systems

58

• Plough the field occasionally during kharif to
keep the field weed free or grow a green
manuring crop if moisture is available through
rains.

• Prefer deep ploughing, vertical mulching and
keep soil surface rough to encourage
infiltration of rain water wherever it falls.

• Spread locally available mulch material such
as in the standing maize crop in last week of
August to conserve soil moisture for
successful growth of following rabi crops.

Selection of crops for rainfed areas

• Maturity period of crop appropriate to area.

• Length of the period with adequate available
moisture.

• High crop yield under variant weather
conditions.

• Crop selection should be based on available
soil moisture e.g. on light soils and shallow soil,
millets do better than sorghum or maize. If
kharif and rabi cropping is possible in an
area, always prefer kharif crop because there
is almost assurance of moisture supply due to
monsoon rainfall. In rabi, under delayed
sowing, prefer African sarson. The African
sarson (variety PC 5) gives good yield and it
is also resistant to shattering.

• Drought tolerance and quick regeneration on
receipt of moisture.

• Efficiency of crop to use available water and
fertilizer. For example barley, mustard and
gram should be preferred over wheat in case
of Indo Gangetic plains.

• Improved varieties having high yield potential,
insect-pest and disease resistance may be
preferred over local ones.

Fertilizer use in rainfed cropping

Fertilizer use increases water use efficiency. In
case of rainfed cropping, integrated nutrient application
is of great importance e.g. with addition of FYM,

compost, there are number of advantages of addition
of organic matter which enhances the fertility status
of soil, water holding capacity of soil, improvement in
population of soil micro flora and fauna.
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ZONES OF HARYANA*

Crop diversification is an important and essential
strategy to improve farm income and soil and
environmental health consistently. Viable cropping
system with new rewarding crops should infuse new
opportunities and challenges and demonstrate the
potential for land productivity with higher growth and
economic achievements (Grover et al. 2002). As far
as agricultural production is concerned, Haryana is a
surplus agricultural state and is one of the largest food
supplier to national kitty. There has been a large
increase in the area under cultivation and the total
cropped area since its inception in 1966. The cropping
pattern has undergone drastic changes with major shift
in favour of cereals like paddy and wheat. The
existing cropping system viz. paddy-wheat has started
showing its adverse effect on soil health and decline
in crop productivity. Diversification presently means
substantial shift in the area under cereals viz. paddy
and wheat to other crops like fodder, fruits, vegetables,
medicinal plants etc. A study has been attempted to
explain the trends of existing cropping systems in
Haryana with best resource efficient alternative
cropping systems.

Production potential and yield gap

Pearl millet : Commonly known as bajra or Indian
millet is an important food and fodder crop of semi-
arid tropics. It is nutritionally better than many other
cereals as it is good source of protein (11.6%), fat
(5%), carbohydrates (67%) and minerals particularly
iron (2.8%). In India it is grown over in area of 9.5
million ha with total production of 9.79 million tones
and productivity of 1030 kg/ha (Anonymous, 2008-09).
The area, production and productivity of pearl millets
in Haryana is 6.30 lakh hectares, 11.61 lakh tones and
1883 kg/ha, respectively which is highest in pearl millet
growing States of India. The average yield pearl millet
in India as well as Haryana is low as compared to
potential yield of existing cultivars, because it is grown
in marginal areas with poor agronomic management
practices. So there is considerable scope for increasing

the productivity of pearl millet by adopting better
agronomic practices and different cropping system.

Cotton : Cotton is grown as kharif crop in cotton-
wheat cropping system in Haryana. The cotton seed
yields have dramatically increased since 2002-03.
Cotton a native of tropical and sub-tropical regions is
a soft-staple fibre crop grown in India. In India it is
cultivated on an area of 95.30 lakh hectare with
production of 310 lakh bales of 170 kg each and is
having an average yield of 533 kg/hectares
(Anonymous 2008). In Haryana cotton is cultivated
on an area of 625 thousand hectares with production
of 1885 lakh bales of 170 kg each with an average
yield of 650 kg lint/ha. India overtook the US to
become the 2nd largest cotton producing country in the
world after China.

Sorghum : Sorghum is an important kharif crop.
It is grown for grain as well as forage purpose.
Millions of people in Asia and Africa depend on
sorghum as staple food. Sorghum ranks third major
food grain crop of India. India ranks first in acreage
but second in production. The grain as well as fodder
are the quality feed for the cattle. In India area under
sorghum crop is 9.92 million hectares with production
of 7.79 million tones. In Haryana, the area under
sorghum crop is 104000 hectares with production of
24000 tones (Anonymous 2008).

Wheat : Wheat is major rabi crop of India. It is
cultivated extensively in North-Western and Central
zones of the country. This crop has contributed
immensely to the advent of flourishment of green-
revolution, increasing production by six times in
comparison to that of 1960. Globally wheat is grown
in 122 countries and occupies an area of
approximately 218.23 million hectares with production
of nearly 610.2 million tones during 2007-08
(Anonymous-2008). In India the crop occupies an
area of about 28 million hectare with total production
75.85 million tones and productivity of 2710 kg/ha and
shares 12.43% of total production of world. In Haryana
it is cultivated over an area of approximately 2.47
million hectares with a production of 10.20 million
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tones and productivity of 4123 kg/ha, which is
considerably higher than the national average, yet it
is too low in comparison to other developed countries.
The production of wheat crop can be increased by
adapting recommended package under cropping
systems.

The experimental yield was markedly higher over
state average yield in all kharif, rabi and summer
crops which implies that, there is great scope of
enhancing crop yield in the state (Table 1).

Efficient alternative cropping systems

Productivity of different cropping systems

 Different cropping systems were evaluated from
2002-03 to 2005-06 to explore the possibility of finding
alternative cropping system which may be farmers
friendly and economically viable. The data presented
in Table 2 indicate that the existing cropping systems
viz. cotton-wheat and pearl millet-wheat had annual
WEY (Wheat Equivalent Yields) of 10567 and 7009
kg/ha, respectively. Cotton-wheat cropping system
requires sufficient quantity of water and is followed
in the areas where assured irrigation facilities exist
while pearl millet-wheat cropping system is followed
in the areas where partial irrigation facilities exist.
Under assured irrigation supply pearl millet-potato-
mung bean gave almost 65% higher yield than the
existing cotton-wheat cropping system because
leguminous crop in summer gave higher economic
yield and benefit to pearl millet crop (Bhargavi et al.
2008) and under similar situation soybean-wheat-

cowpea (F) gave WEY close to cotton-wheat cropping
system. Under partial irrigation facilities the sorghum
(F)-wheat cropping system gave around 11% higher
yield than existing pearl millet-wheat cropping system
and pearl millet-mustard which require still lower
quantum of water than existing pearl millet-wheat
cropping system. This gave only 7% lower yield than
existing pearl millet-wheat cropping system. The wheat
equivalent yield of different cropping systems was
related to their yield potential and economic value for
the produce (Gangwar et al. 2003 & Gangwar et al.
2004).

Nutrient uptake

The existing cropping systems cotton-wheat and
pearl millet-wheat removed 256.8, 41.6, 338.6 and
245.1, 41.4 and 431.8 kg/ha NPK, respectively (Table
3). The high yielder pearl millet-potato-mung bean
cropping system removed 279.0, 57.8 and 583.7 kg/
ha NPK which is higher than the existing cotton-
wheat cropping system. Soybean-wheat-cowpea (F)
produced lower yield than cotton-wheat cropping
system but removed more nutrients than the cotton-
wheat cropping system. It indicates that the N uptake
in different cropping systems was influenced by their
yield and N content. These results are in agreement
with the findings of Idnani & Singh (2008). The uptake
of phosphorus was majorly associated with the yield
in different cropping systems. Maitra et al. (2008)
have also reported P uptake in sunhemp-wheat
cropping system. Under partial irrigation situations
pearl millet-mustard removed less nutrients than pearl
millet-wheat cropping system. These studies indicate

Table 1. Production potential of different crops and yield gaps

Cropping system Experimental yield Average yield* Yield gap
(q/ha-1) (q/ha-1) (q/ha-1)

Kharif Rabi Summer Kharif Rabi Summer Kharif Rabi Summer

Pearlmillet-wheat 3295 4725 - 1117 3844 - 2178 881 -

Pearlmillet-mustard 3324 1867 - 1117 1117 - 2207 750 -

Soybean-wheat-cowpea(F) 2503 4734 20063 - 3844 - - 890 -

Sorghum(F)-wheat 36641 4978 - - 3844 - - 1134 -

Pearlmillet-potato-mungbean 3606 26328 677 1117 24804 431 2489 1524 246

Pearlmillet-field pea-maize(F) 2953 1207 31272 1117 - - 1836 - -

Cotton-wheat 2208 4740 - - 3844 - - 896 -

*statistical Abstract of Haryana2006-07
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that higher nutrients have to be applied to get higher
yield through new cropping systems like pearl millet-
potato-mung bean.

Soil fertility

During the khairf season, the pH was not
influenced by various cropping systems, however,
Electrical conductivity (EC) slightly increase in
soybean-wheat-cowpea(F), sorghum(F)-wheat and
pearlmillet-potato-green gram cropping systems (Table
4). The differences in organic carbon (O.C.) content
were observed in various cropping systems; being
markedly higher in pearlmillet-potato-green gram
cropping system. The organic carbon content in all the
cropping systems increased over initial except
pearlmillet-field pea-maize (F) cropping system. The
available nitrogen (N) content followed the organic

carbon trend. The available phosphorus (P) and
potassium (K) content did not follow any trend.

During rabi  season, the pH and electrical
conductivity were not influenced markedly (Table 5).
However, the organic carbon and available nitrogen
content increased among different cropping systems
over the initial values.

Apparent nutrient balance

Among various cropping systems, depletion with
respect to nitrogen took place only in pearlmillet-field
pea-maize(F) and cotton-wheat (Table 7). Among rest
of the cropping systems, nitrogen levels showed an
upward trend. Magnitude of increase during the last
4-years was highest in pearlmillet-mustard cropping
system i.e. from 121.6 kg ha-1 in the year 2002-03 to

 Table 2. Wheat equivalent yield (kg ha-1) of different cropping systems

Cropping system 2002-03 2003-04 2004-05 2005-06 Mean

Pearlmillet-wheat 7591 7342 6662 6440 7009

Pearlmillet-mustard 6732 6315 5898 7351 6547

Soybean-wheat-cowpea(F) 10969 9774 9065 9031 9710

Sorghum(F)-wheat 8628 8348 7640 7021 7909

Pearlmillet-potato-mungbean 18916 18348 22181 12208 17913

Pearlmillet-field pea-maize(F) 5974 8158 6795 6508 6858

Cotton-wheat 9307 12088 9939 10936 10567

Table 3. Nutrient uptake (kg ha-1) by different cropping systems (Mean of 4-years)

Cropping system Kharif Rabi Summer Total

N P K N P K N P K N P K

Pearlmillet-wheat 76.9 19.0 260.8 138.2 22.4 171.3 - - - 215.1 41.4 431.8

Pearlmillet-mustard 74.8 18.3 279.3 128.3 23.8 121.6 - - - 203.1 42.1 400.9

Soybean-wheat-cowpea(F) 157.5 26.2 219.7 135.9 20.2 162.4 69.2 8.6 75.3 362.6 55.0 457.4

Sorghum(F)-wheat 93.7 9.7 213.3 149.0 21.0 173.1 - - - 242.7 30.7 386.4

Pearlmillet-potato-mungbean 91.2 23.3 296.6 125.1 25.7 208.8 62.7 8.8 78.3 279.0 57.8 583.7

Pearlmillet-field pea-maize(F) 73.5 17.4 245.8 94.5 14.3 77.6 62.5 14.0 124.1 230.5 45.7 447.5

Cotton-wheat 133.0 20.3 129.0 123.8 21.3 169.6 - - - 256.8 41.6 338.6
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Table 4. Soil fertility status after harvest of kharif crops (mean of 4-years)

Cropping system pH EC O.C. Available N Available P Available K
(dS m-1) (%) (kg ha-1)

Initial status 7.9 0.12 0.42 137.0 26.6 291.2

Pearlmillet-wheat 8.1 0.12 0.45 154.4 21.1 256.6

Pearlmillet-mustard 8.1 0.13 0.49 148.7 23.6 253.1

Soybean-wheat-cowpea(F) 8.1 0.16 0.51 163.2 31.8 274.1

Sorghum(F)-wheat 8.0 0.16 0.51 160.6 22.0 263.1

Pearlmillet-potato-mungbean 8.0 0.16 0.69 199.7 29.9 362.5

Pearlmillet-field pea-maize(F) 8.0 0.14 0.40 139.0 19.3 248.1

Cotton-wheat 7.9 0.14 0.54 132.1 18.2 296.3

 Table 5. Soil fertility status after harvest of rabi crops (mean of 4-years)

Cropping system pH EC O.C. Available N Available P Available K
(dS m-1) (%) (kg ha-1)

Initial status 7.8 0.15 0.47 161.7 22.2 268.5

Pearlmillet-wheat 7.8 0.14 0.51 182.9 25.6 271.9

Pearlmillet-mustard 7.8 0.13 0.53 189.5 26.4 289.1

Soybean-wheat-cowpea(F) 7.8 0.16 0.53 175.1 34.1 283.1

Sorghum(F)-wheat 7.8 0.18 0.55 211.7 25.0 280.6

Pearlmillet-potato-mungbean 7.8 0.17 0.58 232.3 35.7 396.6

Pearlmillet-field pea-maize(F) 7.8 0.16 0.46 187.8 29.9 286.2

Cotton-wheat 7.8 0.13 0.57 201.7 33.6 282.5

Table 6. Soil fertility status after harvest of summer crops (mean of 4-years)

Cropping system pH EC O.C. Available N Available P Available K
(dS m-1) (%) (kg ha-1)

Initial status 7.7 0.21 0.22 129.6 24.7 314.5

Pearlmillet-wheat - - - - - -

Pearlmillet-mustard - - - - - -

Soybean-wheat-cowpea(F) 7.9 0.20 0.52 167.6 25.9 246.6

Sorghum(F)-wheat - - - - - -

Pearlmillet-potato-mungbean 8.0 0.18 0.58 191.1 22.6 361.9

Pearlmillet-field pea-maize(F) 7.9 0.19 0.49 161.4 20.6 371.3

Cotton-wheat - - - - - -
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Table 7. Apparent nutrient balance of different cropping systems

Cropping system Nitrogen Phosphorus Potassium

(Kg ha-1)

2002- 2003- 2004- 2005- 2002- 2003- 2004- 2005- 2002- 2003- 2004- 2005-
03 04 05 06 03 04 05 06 03 04 05 06

Pearlmillet-wheat 198.9 242.6 279.4 238.1 104.7 105.2 111.6 113.1 -126.5 -119.6 -116.5 -262.3

Pearlmillet-mustard 121.6 197.1 206.2 196.7 70.2 84.9 72.7 75.9 -52.1 -56.1 -135.8 -281.2

Soybean-wheat-cowpea(F) -92.1 -34.7 77.9 11.1 156.7 180.6 172.6 179.5 -131.4 -134.1 -159.3 -252.0

Sorghum(F)-wheat 59.4 103.8 304.0 241.0 42.9 66.6 60.0 61.9 -102.7 -48.6 -75.9 -177.5

Pearlmillet-potato-mungbean 478.6 459.5 504.6 498.5 222.0 218.0 223.3 200.4 300.2 253.2 102.1 172.9

Pearlmillet-field pea-maize(F) 128.2 90.2 208.4 -12.0 84.2 84.3 78.1 57.7 7.6 51.2 -103.0 -142.9

Cotton-wheat 119.9 101.1 252.7 96.4 71.7 95.7 90.0 67.5 -49.8 -78.8 -101.7 -192.4

196.7 kg ha-1 in 2005-06. It was followed by
pearlmillet-wheat cropping system. Pearlmillet-potato-
green gram cropping system could sustain the nitrogen
balance during the 4-years under study. Maximum
values regarding apparent nitrogen balance were
observed at the end of 3rd year, however, the decline
was observed at the end of 4th year of experimentation.

The apparent phosphorus balancing showed
downward trend in pearlmillet-potato-green gram,
pearlmillet-field pea-maize(F) and cotton-wheat
cropping systems. However, the decline in phosphorus
levels was not much. Even the upward trend among
rest of the cropping systems did not show much
change. The apparent potassium balance showed
depletion in all the cropping systems over the years.
The depletion in potassium contents was much sharper
during the 4th year in comparison to first 3 years. At
the end of 4th year of experiment pearlmillet-mustard
and pearlmillet-potato-green gram showed minimum
and maximum apparent potassium balance,
respectively.

Resource Use Efficiency

In the present context of degradation of natural
resources and the productivity of crops, the resources
efficiency and sustainability of cropping systems are
attracting the attention of scientists all over the world.
The resources efficiency is a paramount character for
the establishment of new cropping system. The
cropping system which utilize the farmers available
resources effectively and provide him employment

throughout the will be acceptable to the farmers
readily. Resource use efficiency of different cropping
systems was evaluated through different approaches
proposed by Singh et al. 1990.Two components i.e.
yield/ha/day and net income/ha/day of different
cropping systems were measured to analyze the
efficiency of different cropping systems. The
production efficiency values ranged between 24.6 and
67.3 among different cropping systems; being lowest
in pearl millet – field pea-maize (F) and highest in pearl
millet-potato-mung bean (Table 8). The production
efficiency was above 30 in pearl millet-wheat, sorghum
(F)-wheat and cotton-wheat cropping systems. The
income efficiency among different cropping systems
ranged between Rs. 92 and 227.8/ha/day. The income
efficiency like production efficiency was highest in
pearl millet-potato-mung bean and it was distinctly
higher than all other cropping systems. The income
efficiency was around Rs.150/ha/day in sorghum(F)-
wheat, pearl millet-wheat, pearl millet-mustard and
cotton-wheat cropping systems.

The Water Use Efficiency (WUE) among
different cropping systems varied between 10.7 and
13.8 except pearl millet-potato-mung bean where it
was 20.2 kg/ha mm. The WUE as associated with
crop yield and water use indicate the most efficient
use of water. Under partial irrigation situations pearl
millet-mustard gave higher WUE of 13.8 over existing
pearl millet-wheat due probably to lesser water
requirement of the cropping system. Sorghum(F)-
wheat gave better WUE of 12.8 due to short duration
of kharif sorghum. The standard cropping system
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cotton-wheat gave better WUE of 13.2 against the
cropping system soybean-wheat-cowpea(F) where the
yield was close to this cropping system but WUE was
low i.e. 10.7.

The Land Use Efficiency (LUE) differed markedly
among different cropping systems being as low as 60
and as high as 92. LUE varied around 60 pearl millet-
wheat, pearl millet-mustard and sorghum(F)-wheat
cropping systems. LUE was mid way in cropping
system pearl millet-potato-mung bean and pearl millet-
field pea-maize(F), however, LUE was very high i.e.
92 in cotton-wheat and soybean-wheat-cowpea(F)89.
These studies indicate that land is most efficiently
utilized in cotton-wheat and soybean-wheat-cowpea(F)
cropping systems.

Different cropping systems paid opportunities to
the farmers to work for different number of days in a
year, in agriculture there is a major problem of under-
employment and therefore, the cropping system which
employs farmers for more number of days is a boon
to the farmers. Pearl millet-potato-mung bean engage
farmers almost throughout the year i.e. 309 days in a
year, while sorghum(F)-wheat employs farmers for
only 129 days in a year. Almost all cropping systems
do not engage farmers for more than 200 days and it
reflects under-employment in agriculture. These data
indicate that the farmers must go for agri-business
alongwith raising cropping.

Economics

The annual cost of cultivation in different cropping
systems ranged between Rs.21511 and 39310 (Table
9). The cost of cultivation slightly increased in cropping
system where three crops were grown in a year
instead of two crops. The cost of cultivation was low
in partially irrigation situations as compared to the
situations where sufficient irrigation facilities exist.

The highest net income of Rs.60586/ha was
recorded in pearl millet-potato-mung been cropping
system and it was appreciably higher than existing
cotton-wheat cropping system where the net income
was Rs.47839/ha. The net income soybean-wheat-
cowpea(F) was Rs.44532/ha which was very close
to existing cotton-wheat cropping system. The net
income under partial irrigation situation in pearl millet-
wheat and pearl millet-mustard was Rs.35394 and
Rs.33634/ha, respectively. Gawai & Pawar 2005 also
reported such type of results. The lowest net income
of Rs. 25670/ha was recorded in pearl millet-field pea-
maize(F). The data clearly indicates that pearl millet-
potato-mungbean cropping system may be promising
under well irrigated situations while pearl millet-
mustard looks to be promising cropping system under
less irrigated situations.

Table 8. Resource use efficiency of different cropping systems

Cropping system  PUE  WUE  LUE  Total

kg ha-1 WEY ha-1 d-1  Rs. ha-1 d-1 mandays

Pearlmillet-wheat  30.6  154.6  11.7  62  17

Pearlmillet-mustard  29.3  150.0  13.8  61  162

Soybean-wheat-cowpea(F)  29.9  137.0  10.7  789  210

Sorghum(F)-wheat  36.3  160.2  12.8  60  129

Pearlmillet-potato-mungbean  67.3  227.8  20.2  73  309

Pearlmillet-field pea-maize(F)  24.6  92.0  11.8  76  199

Cotton-wheat  31.4  142.0  13.2  92  205
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Package of Practices

The package of practices for efficient crops for
the zones of Haryana are highlighted in table 10  which

Table 9. Economics of different cropping systems

Cropping Cost of cultivation Net-returns B.C.
(Rs. ha-1) (Rs. ha-1) (Rs. Re-1)

2002- 2003- 2004- 2005- Mean 2002- 2003- 2004- 2005- Mean 2002- 2003- 2004- 2005- Mean
03 04 05 06 03 04 05 06 03 04 05 06

Pearlmillet- 26870 27269 21210 31266 26654 36424 35506 35199 34466 35394 2.3 2.3 2.6 2.1 2.3
wheat

Pearlmillet- 21035 20325 16685 27999 21511 26590 32524 34454 40969 33634 2.3 2.6 3.1 2.5 2.6
mustard

Soybean- 35107 35050 31588 37257 34750 57875 38726 40556 38358 44532 2.6 2.1 2.3 2.0 2.2
wheat-
cowpea(F)

Sorghum(F)- 22272 22315 19834 28287 23177 37100 35974 36962 29644 34920 2.7 2.6 2.9 2.0 2.5
wheat

Pearlmillet- 43762 43960 39057 30459 39310 62843 61028 66664 51808 60586 2.4 2.4 2.7 2.7 2.5
potato-
mungbean

Pearlmillet- 28506 28506 29566 52548 34781 17846 33586 26664 24585 25670 1.6 2.2 1.9 1.5 1.8
field pea-
maize(F)

Cotton- 31928 34061 27363 39348 33175 37745 59920 45351 48341 47839 2.2 2.7 2.6 2.2 2.4
wheat

needs to be followed for achieving higher productivity
and profitability from most efficient cropping system
like pearlmillet-potato-moongbean.

Table 10 : Package of practices for high potential crops in Haryana

Crop Varieties Sowing Time Seed Rate Spacing Manure and fertilizers Irrigation Hoeing
(kg ha-1) (cm) (N:P

2
O

5
:K

2
O; kg ha-1)

Pearl millet HHB-67.HHB-67-2, 1 to 15 July 3.75-5.0 45x12 125:62.5:0 2 2
HHB-68 ,HHB-197

Clusterbean HG365, HG563, HG75 Mid July 12.5-13.2 45x15 20:40:0 1 1

Maize HM4, HM5, HHM1, 25 June-20 July 21-22 75x22 150:62.5:62.5 3 2
HHM2, HQPM1

Mungbean Asha, Muskan, Satya March end 25-30 25x10 20:40:0 1 2

Soybean PK416, PK472, PK564 June end-early July 75 45x12 25:80:0 3-4 2

Wheat WH-343, 533, 542, 291, Oct. end-Nov. 100-125 20x10 150:60:60, ZnSO
4
-25 5-6 -

147, 283, HD-2285, C-306,
Raj-3765

Mustard RH-30, Laxmi, Varuna Mid Oct. 3-3.5 30x15 88:30:0, ZnSO
4
-25 2 1-2

Field pea Aparna, Jaynti, Uttra, Ist half of Nov. 75 30x20 20: 40:0 2 1-2
Type-163

Potato K. Badshah Oct. end 3000 60x20 120:60:60, FYM 10t ha-1 6 1
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Contingency planning

Varying contingency measures needs to be adopted
under different situation as arises. Some of these
aspects are discussed here for important crops.

Bajra

I. Delayed onset of monsoon

(a) 2 weeks delay:

• Grow all the recommended varieties of bajra
with normal package of practices.

• The sowing of crop should be initiated as and
when 20-30 mm rains are received

(b) 3-5 weeks delay:

• Cultivate short duration varieties viz. HHB67-
improved and HHB68.

• Bajra sowing can be done latest by 1st week
of August.

• Use of recommended fertilizer should be
ensured.

• Transplant 3-4 weeks old nursery on rainy day.
Give light irrigation in timely sown crop if
irrigation facilities available.

• Follow intercultural operations to control
weeds and conserve moisture.

• Thinning to reduce 1/3rd population should be
done in timely sown crop

(c) 6-7 weeks delay:

• Avoid sowing of bajra after 1st week of
August

II. Long dry spell after sowing

(a) For 2-3 weeks:

• Follow intercultural operations to control
weeds and conserve moisture.

• Thinning should be done to maintain optimum
plant stand and apply recommended dose of
fertilizers

(b) For 4-6 weeks:

• After four weeks, survival of crop is minimal.
Apply light irrigation.

• To save crop follow interculture operation at
3 weeks after sowing.

• Remove every third row of bajra for green
fodder and make ridge and furrow for rain
water harvesting under rainfed situation.

• Foliar spray of urea under rainfed.

III. Early withdrawl of monsoon

• Apply light irrigation, if available.

• Remove third row for green fodder in case of
medium to late maturing hybrids.

• Foliar spray of urea under rainfed

IV. Heavy monsoon causing flood

(a) At initial stage:

• In flood prone areas sowing of bajra should
be done by ridger seeder.

• Drain out the stagnant water.

• Crop should be hoed immediately after
reaching vattar condition.

• Apply N fertilizer just before vattar to
compensate leaching.

• In case of crop failure, resowing should be
done with early maturing varieties not beyond
1st week of August.

(b) At mid stage of crop growth:

• Drain out stagnant water.

• To compensate N leaching, apply N fertilizer
just before vattar condition.

• If the crop fails, plough up the field.

• Grow fodder/green manure before rabi under
irrigated situation and conserve the moisture
for rainfed rabi crops like gram, raya, barley,
taramira etc.

• The field should be kept free of weeds by use
of blade harrows
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Pulses

Delayed onset of monsoon

(a) 2 weeks delay:

• All the recommended varieties of crops with
normal package of practices may be sown up
to 15th July.

(b) 3-5 weeks delay:

• Sowing of pulses by 1st week of August except
arhar.

• Use recommended varieties.

• In situation where farmer does not wish to
keep the field fallow, the order of priority of
crop is moong and bajra (HHB197 and
HHB67-2).

• In delayed sowing of crops, seed rate may be
increased by 20%.

• Apply recommended dose of fertilizers

(c) 6-7 weeks delay:

• Conserve the moisture for rabi sowing.
However, some area may be used for fodder.

II. Long dry spell after sowing

(a) For 2-3 weeks:

• Adopt mechanical weeding/hoeing by kasola
or wheel hand hoe to keep the crop weed free
and to create a soil mulch for moisture
conservation.

• Thinning should be ensured to obtain optimum
plant stand.

(b) For 4-6 weeks:

• Apply light irrigation, if available.

• Repeat one hoeing with kasola/wheel hand hoe
to keep the crop weed free and to conserve
soil moisture. Harvest third row and use it for
mulching.

III. Early withdrawl of monsoon

• Apply one light irrigation, if available at pod
formation stage.

IV. Heavy monsoon causing flood

(a) At initial stage:

• Drain out the stagnant water.

• Crop should be hoed immediately after vattar
condition.

• In case of heavy seedling mortality, re-sowing
should be done with early maturing varieties
of crops

(b) At mid stage of crop growth:

• Drain out stagnant water.

• If the crop is completely damaged and field
comes in vattar condition in September, plough
up the remaining crop as green manure and
conserve the moisture for rabi sowing.

Cotton

I. Delayed onset of monsoon/long dry spell after
sowing

(a) 2 weeks delay:

• All the recommended varieties of cotton with
normal package of practices.

(b) 3-5 weeks delay:

• Light irrigation must be provided by making
ridges, at square formation to April-May sown
crop.

• Frequent intercultural operations should be
followed to remove weeds and conserve soil
moisture. In the absence of irrigation, spray
the crop with 2% urea solution. Thinning of
crop must be done to maintain optimum plant
stand. Appearance of pseudo-fruiting due to
drought invites insect-pest attack particularly
spotted boll worm, which must be controlled if
population reaches to threshold value.

(c) 6-7 weeks delay

• Follow the practices as described in I.(b) (i)
to (v). It is expected that the population of
jassid, white fly, American boll worm is likely
to be less. Avoid unnecessary use of pesticides
especially synthetic pesticides.



Efficient Alternative Cropping Systems

68

II. Early withdrawl of monsoon

• Follow the practice from I. (b) (i) to (v). Avoid
using synthetic pesticides against boll worm.

III. Heavy monsoon causing floods

(a) Initial stage:

• In flood prone area, make ridges at the time
of 1st interculture operation

• Drain out excess water

• After reaching vattar, immediate hoeing/
weeding is must

• To compensate N leaching, apply N fertilizer
just before vattar condition

(b) Mid stage of crop growth:

• Follow the practices as described above in III.
(a) (i) and (iv)

• In case of complete failure of crops, plough
up the field or take cowpea as fodder/green
manure crop/sowing of toria.

Summer green gram

I. Long dry spell after sowing

(a) For 2-3 weeks:

• Adopt mechanical weeding/hoeing by kasola
or wheel hand hoe to keep the crop weed free
and to create a soil mulch for moisture
conservation

• Thinning should be ensured to obtain optimum
plant stand

(b) For 4-6 weeks:

• Apply light irrigation, if available.

• Repeat one hoeing with kasola/wheel hand hoe
to keep the crop weed free and to conserve
soil moisture.

• Harvest third row and use it for mulching.

Rise in temperature

• Delay the sowing if the temperature is high at
the time of sowing.

• Light and frequent irrigation to the crops should
be given when the temperature rises.

• Hoeing in crops.
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ZONE 4. UPPER GANGETIC PLAINS
This zone having 30.9 million hectare of geographical area which is sub-divided in sub-zones

viz. Central plains, North Western plains and South western plains of Uttar Pradesh. The climate
varies from semi-desert, semi-arid to sub-humid. Major soils of the zone are alluvial in nature
with high productivity. The zone has good irrigation facilities with about 76% irrigated area. In
addition to headquarter of Project Directorate for Cropping Systems Research, two on-station
and one on-farm centres are located in the zone. The resource efficient alternative cropping
systems and production packages in respect of crops included for following NARP zones are
discussed here.

● South-Western semi-arid zone of Uttar Pradesh

● Central plain zone of Uttar Pradesh

* Contributed by H.B. Sharma, R.B.S College, Bichpuri Campus, Agra, U.P.

SOUTH-WESTERN SEMI-ARID ZONE OF

UTTAR PRADESH*

Agra region enjoys semi arid very hot summers
(Temperature reaches up to 48 0C) and cold winters
(temp below 20C). The CSR Centre, Agra represents
South-Western Semi-arid zone. The annual rainfall is
around 670 mm (average of last decade). The soil is
of alluvial   origin mostly sandy loam with PH around
7.8. The predominant cropping systems of the region
are Pearlmillet – wheat (under irrigated) conditions and
“Fallow – mustard” in rainfed areas. The major area
is devoted to Pearlmillet in Kharif season. The crop
does well if the rainfall is properly distributed.
However, irrigation may be necessary towards maturity
if the withdrawal of the monsoon is earlier. In Rabi
season wheat crop is taken under irrigated condition
while major area is devoted to mustard under dry land
conditions or limited water supply.

The productivity level of “Pearlmillet – wheat”
cropping system has gone down due to continuous
cropping of cereal after cereal being responsible for
deterioration in the fertility of the soil. Moreover, the
return of organic matter is very poor being responsible
for decrease in the level of organic matter year after
year. Due to continuous cropping of “Pearlmillet –
Wheat” rotation, the organic matter content which was
around 0.6% has come down to 0.32% in Agra region.

This clearly indicates that there is urgent need to
include pulse crop in the system considering the low
content of organic matter. It is also felt necessary that
a short duration crop mainly for fodder purposes
(cowpea/cluster bean) should be included in the rainy
season prior to mustard crop taking in to consideration
that moisture conservation should not be a problem for
mustard.

Production potential and yield gaps

A big gap exists between yields obtained at
farmer’s level and research experiments (Table 1). On
a average maximum yield gap was found in case of
green gram (71%) reason being adoption of old
varieties with delayed sowing. The crop also suffers
many times due to irregular supply of canal water in
summers. It may also be pointed out here that tube
well water is mostly saline in nature being unsuitable
for Greengram.

Another important crop of the locality having the
problem of low productivity at farmers’ level is
mustard crop.  Nearly 47% yield gap exists due to
traditional cultivation such as use of old varieties
without seed treatment, sowing by broadcasting,
continuous use of DAP ignoring use of Potassium and
lack of knowledge regarding the supply of
micronutrients like Zinc and Sulphur and lack of plant
protection measures (Aphid control large scale).
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Although wheat is dominant crop under irrigated
conditions in Agra region, however, about 40% yield
gap has been observed between experimental and
farmers’ field, the important reasons being poor seed
rate, lack of control for Phalaris minor and
imbalanced use of fertilizers. Generally farmers’ use
only DAP and urea ignoring the application of
Potassium. The importance of integrated nutrient
supply system is ignored at farmer’s level.

The productivity level of pulse crops at farmer’s
level is poor owing to certain reasons such as selection
of poor fields and poor agronomic practices.

The brackish water available for irrigation in the
locality is also a limiting factor.

Efficient alternative cropping systems

In the light of research carried out at the center
and also considering the resources available with the

Table 2. Production potential or productivity and equivalent yield of alternative cropping systems.

Cropping patterns Yield (q/ha) Pearlmillet equivalent
Kharif Rabi Zaid yield (q/ha)

Dhaincha (G.M.) – Potato - Okra ——— 290.0 75.5 246.7

Pearlmillet – Potato – cluster bean 23.4 260.5 55.0 211.4

Pearlmillet – Wheat - Greengram 26.4 47.8 14.5 149.1

Pearlmillet - Wheat 24.0 45.0 —— 94.4

farmer in the region, following cropping systems are
recommended which are economically effective as
well as suitable for maintaining soil health.

1. G.M. (Dhaincha) – Potato – Okra

2. Pearlmillet – Potato - Clusterbean

3. Pearlmillet – Wheat – Moong

It is evident form the table 2 that highly efficient
system for Agra region has been identified “Dhaincha
(G.M.) – Potato – Okra”  (1 year). Considering
equivalent yield in terms of Pearlmillet, the farmers
on large scale in Bichpuri block as well as Khandoli
Block having irrigation facilities has adopted this
cropping system. This cropping systems also takes care
for return of organic matter to the soil. The next best
cropping has also been noted as  “Pearlmillet – Potato
– Clusterbean” and “Pearlmillet – Wheat – Green
gram” under irrigation conditions. However the return
of organic matter does not take place at sufficient rate
to meet the soil and crop demand as compared to
previous one. However, these two are also getting
popularity among the farmers of Agra region.

Package of practices

Pearlmillet

Land preparation : The crop needs very fine tilth
because the seeds are too small. For raising a good
crop of Bajra it is essential to do the summer
ploughings by mould – board and after onset of
monsoon the field should be harrowed twice or thrice

Application of manures and fertilizers : It was
a common belief that Bajra needs very low quantity

Table 1. Production potential and yield gaps in Agra
region

Crops Maximum The average Yield %
yield taken yield of gap

in expt. district (q/ha)
(q/ha) (q/ha)

Pearlmillet 24.80 14.75 10.05 40

Green gram 13.50 2.89 10.61 71

Pigeonpea 16.51 10.05 6.46 39

Sesame 4.65 3.91 0.74 16

Wheat 48.50 31.46 17.04 35

Barley 36.10 26.49 9.61 27

Mustard 25.10 13.22 11.88 47
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of nutrients but experiments conducted at Centre
proved that new plant types of Bajra especially
hybrids respond to very high doses of fertilizers. High
yielding varieties need about 50-60 kg N ha-1 under
unirrigated conditions, 80 kg ha-1 under limited irrigation
and 100 – 120 kg ha-1 under assured irrigated
conditions. A dose of 40 – 50 kg ha -1 of phosphorus
has been recommended for an ideal crop. It is essential
to apply about 40 – 50 kg ha-1 pottassium especially
when high doses of nitrogen have been applied.

It is observed that for beneficial effects of
fertilizers half of nitrogen, full phosphorus and potash
should be basal placed at a depth of 8 – 10 cm at the
time of sowing, one fourth quantity of nitrogen should
be top dressed or band placed at 5 – 7 cm apart from
crop rows after about 30 days of sowing when
weeding and thinning are completed. Remaining one
fourth of nitrogen should be band or side placed about
60 days after sowing. It is also observed that the foliar
application of Zinc sulphate @2-5 kg    ha-1 has
resulted in an increased grain yield.

Sowing :  The most appropriate time of sowing
is middle of July. Sometimes it is sown earlier by giving
one per-monsoon light irrigation so that the seeds have
emerged out before onset of monsoon.

Seed rate and spacing : Four to five kg seed
per hectare is found to be enough. A spacing of 40 –
45 cm between rows and 10-15 cm within rows is
found to give good yields of hybrid Bajra. The seed
being small should not be sown in deeper than 1.5 to
2.5 cm in well-prepared seed bed. The organic
mercurial compounds like ceresin, Agrosan G.N. etc.
should be used at the rate of 2.5 – 3.0 g / kg of seed
to control the seed born diseases.

Irrigation :  Bajra is grown rainfed and the crop
being drought resistant hardly needs any irrigation.
However, it is observed that the yield may be
significantly increased by irrigating the crop at critical
growth stages like maximum tillering, flowering and
grain filling stage.

Intercultural operations : The crop need two
intercultural operations on about three to five weeks

after sowing and another abut   a fortnight later. At
the time of first intercultural thinning or gap filling, as
needed, should be done and all the weeds must be
removed from the field so to avoid any competition
with the crop plants.

Weed control : An integrated weed control
method like; hand weeding, inter row cultivation by
cultivator followed by pre emergence application of
Atrazine @ 0.5 kg a.i. per hectare would take care
of the weeds.

Plant protection measures

Insect pests : Stem borers and grasshoppers are
serious pests of Bajra crop. The stem borer
(Chilozonellus swin) and Pink borer (Sesamia
inferens) initially feed on leaves and later bore nit
stems where they make tunnel and fill with frass and
excreta. The affected plants remain stunted and often
develop dead heart. The borers may be controlled by
two sprayings with two liters of Endrin 20 E.C. or 500
ml of Parathion 50 EC/ha at an interval of 10 – 15
days. The grass hopper (Hieroglyphus
nigrorepletus) eats the leaves and the adults feed on
soft grains from ears. The pest may be controlled by
dusting the crop with Aldrin 5 per cent dust.

Diseases : Following are the important disease
of bajra crop.

Ergot : Seed treatment with 20 per cent common
salt solution following by washing with fresh water and
then treating with Agrosan GN, Ceresan or Thiram
at the rate of 1 – 2 kg / seed controls the disease.
Crop rotation and deep summer ploughings are found
to be effective measures in controlling the disease.
The disease-affected ears must be destroyed
completely.

Downy Mildew or Green ear : The disease is
prevalent in humid area of all the bajra growing tracts
of the country. The affected plants remain stunned,
leaves turn yellow and may dry up if the disease occurs
at seedling stage and the plants may die. The infected
ears are transformed wholly or partially in green, small
twisted leaf like structures.
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To control seed treatment with fungicide is
desirable. Moreover, spraying of Dithane Z – 78 or
M – 45 @ 2.0 kg /ha in 800 – 1000 liters of water is
recommended.

Harvesting and threshing : The grain crop
should be harvested when the grains become hard
enough and contain about 20 per cent moisture. For
easy separation of grains the ear heads should be dried
well before threshing.

Wheat

Land preparation :  In villages, it is believed that
preparing very pulverized seed bed is essential. But,
recent technology has proved that if the field does not
have much of perennial weeds, more than two
ploughings are wasteful. Usually,one ploughing with a
turning plough followed by harrowing and leveling
brings about a nice tilth for sowing.

Time of sowing : Temperature during the
growing season at grain filling is the one amongst
several important factors in deciding sowing time.
However, the ideal temperature requirement varies
from plant type and stages of growth. Wheat requires
following temperature for their growth and
development.

Growth stages Temp. required
(Mean daily)

Germination 20 –25 0C

Tillering 16 – 20 0C

Accelerated growth 20 – 23 0C

Grain filling 23 – 25 0C

For long duration varieties first fortnight of
November and for short duration varieties second
fortnight is the best sowing time. Under exceptionally
late sown condition it may be delayed to first week
of December.

Fertilizer application : The economic dose of
N for wheat for irrigated conditions is 120 kg N ha-1.
Under normal soil conditions phosphorus and potash
rate should be 60 and 40 respectively. In most of the

light textured soils Zn has been a key element for
getting higher yields and it proved that Zinc Sulphate
@ 20 –25 kg ha-1 should be applied in soil before last
cultivation.  The phosphatic and potassic fertilizer must
be applied as basal while nitrogenous should be applied
as basal and top dressing in split doses.  In medium
textured soils application of nitrogenous in two splits
i.e. half at sowing and half after first irrigation should
be done while in light textured soil it is better to apply
into three splits i.e. one third at sowing, one third after
first irrigation and one third after second irrigation.

Sowing : For normal sowing a seed rate of 125
kg ha–1 suitable, but a higher seed rate of 140 kg
ha-1 is desirable for late sown conditions. Depth of
seeding is governed by soil moisture regime and soil
type, however a depth of 5 – 7 cm is found to be
optimum.

Irrigation : In all wheat requires 45 – 48 cm of
water. From researches it has been concluded that the
high yielding wheat should be given 5 – 6 irrigations
at their critical growth stages viz crown root initiation,
tillering, jointing, flowering, milk and dough which come
at 21 – 25 days after sowing (DAS), 45 – 60 DAS,
60 – 70 DAS, 90 – 95 DAS, 100 – 105 DAS and 120
– 125 DAS, respectively. Of these irrigation at CRI
stage is most important. But, if the facilities are not
available to irrigate at the said stages one has to irrigate
at the following stages as per availability.

Weed control : Spraying of 2,4-D (0.4 kg a.i./
ha) dissolve in 400 – 600 liters of water,  five weeks
after sowing controls weeds like  Chenopodium sp.,
Anagallis sp., Asphodelus sp., Melilotus sp.,
Lathyrus sp., etc  while spraying of Isoproturon (1kg
a.i./ ha) 25 days after sowing  controls weeds like;
Phalaris sp., Avena sp. etc.

Plant protection measures

Diseases

Rusts : Rusts are caused by three different sp.
of fungus. Puccinia, Brown and yellow rusts are
particularly important in the major wheat growing
areas.
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Brown rusts : In case of severe attack of the
disease, plant mature early, produce light and shrivelled
grains and poor development of root system.

Yellow rust : In the mild attack of this rust uredia
are formed chiefly on the leave, but in case of clear
attack of,  these appear on leaf sheaths , stalks and
glumes as well. The uredial pustules are oval in shape
and lemon yellow in colour and are formed in long
streaks and rows.

Control : Avoid late sowing of late maturing
varieties. Spraying Zineb or Dithane M-45 may
minimize damage by the wheat rusts. Spraying is
recommended only when a good crop of wheat is
threatened by rust.

Loose smut : Loose smut has now become a
major problem of wheat crop. Generally, diseased
plants are indistinguishable form the healthy plants
before heading, but diseased plants produce heads
earlier than healthy plants. Almost every ear of
diseased plant is converted in to black powder.

Control : Growing resistant varieties are the best
method of control. Treat the seed with Vitavax @2.5
g/kg of seed before planting. At the time of ear
emergence, visit the crop regularly and locate plants
with diseased ears. Uproot the entire plant while
covering the disease ears with a paper envelop so that
black powder does not spread.

Insect pests

Termites : Termite damages the crop soon after
sowing and some time near maturity. The damaged
plants dry up completely and are easily pulled out. For
the control of this insect use Aldrin 5% dust at the
rate of 20 – 25 kg/ha and mix it well in the soil at the
time of last ploughing before sowing.

 Harvesting and yield : The crop is harvested
when grains become hard and straw becomes dry and
brittle. The harvesting is mostly done with sickle but
since in recent past combines are also being used in
parts of Punjab, western U.P. and Haryana etc. Under
irrigated conditions we can get 50 – 55 q of grain per
ha. Usually is one and a half of grain yields.

Greengram

Field preparation : Field is prepared by giving
two three cross harrowing followed by planking. The
field should be well leveled and free from weeds. For
summer season crop give a pre – irrigation immediately
after harvesting Rabi crop. When the field comes in
condition, prepare it by giving 2 –3 harrowing. Planking
to make the field leveled and to minimize the loss of
moisture by evaporation from the soil surface should
follow each harrowing.

Seed and sowing :  Sowing is done by the middle
of April.  20 kg seed / ha should be sown in rows 30
cm apart with the help of see drill. Before sowing seed
should be treated with Thiram or Captan @ 2.5g /kg
of seed. It is also desirable to treat the seed with
suitable Rhizobium culture as well, if the crop is being
taken in the field for the first time  or after a long
period.

Fertilizer application : Apply 15 – 20 kg
nitrogen, 50 kg P

2
O

5
 and 30 kg K

2
O at the time of

sowing. The fertilizer should be before sowing in such
a way that they are placed about 5 – 7 cm below the
seed.

Water management : For summer crop 5 – 6
irrigation may be given. The field should be irrigated
when soil is seen deficient in moisture. The first
irrigation should be given about 20  - 25 days after
sowing. The subsequent irrigations should be given at
an interval of 12 – 15 days. No irrigation should be
given when the crops is in full bloom stage.

Weed control : Weeds do not pose a serious
problem during summer. However, one weeding should
be done after irrigation.

Plant protection measures

Diseases

Leaf curl : It viral disease. The initial symptoms
of the disease are seen with in three weeks of sowing
as chlorosis around the lateral vein near the leaf
margin in young plants. The affected leaves show
curling of margin down wards, while the veins on the
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under surface of the leaf show reddish – brown
discolouration. To control, spray the crop with
Metasystox (0.1%). Two to three stages at 10 days
interval are sufficient.

Seed and seedling rot : The disease can be
easily recognized by poor germination and stand. The
seedling also rots and finally dies resulting in poor
strength.

Cercospora leaf spot : It is the most important
fungal disease of moong crop. In the diseases
condition, small round spot, violet red in colour may
be observed. The spots can be recognized by their
very coloured center.  Such spot are also visible on
pods and the affected pods become blackened. To
control, Spray Dithane Z – 78 or Dithane  -M-45 @
2 kg in 1000 liter of water per ha. The first spray
should be given as soon as the initial symptoms of the
disease are visible. A second spray should follow this
10 days latter.

Insect Pests

Hairy Caterpillar : Three species of hairy
caterpillars may cause server damage to moong crop,
by eating away all the green matter of the leaves. The
adult moths of these caterpillars lay eggs in large
clusters and the young larvae are also congregated.
To Control, collect and destroy the eggs and young
larvae. The young caterpillar can also be killed by
spraying of Endosulfan (1.5 l) in 1000 liter of water
per hectare.

Leafhopper : The adults and nymphs of this
hopper suck the juice from the leaves. Generally insect
sucks sap from the lower surface of the leaves but
also occasionally from the upper surface. To control,
give basal application Phorate 10% granules @ 10 kg
/ ha. Spray the crop with 0.4 per cent. Moncrotophos
40 EC.

Harvesting and threshing : Shattering of pods
is a great problem with this pulse. Therefore, picking
should be done as soon as the pods mature.
Harvesting should be completed in two to three
pickings. The pods after complete drying should be
threshed manually.

Yield : A well-managed crop, as indicated above
may yield 12 to 15 q of grain per hectare.

Potato

Field preparation : A well pulverized seedbed
is required for good tuberisation of potato crop soon
after the harvest of Kharif crop, the field should be
ploughed once 20 – 25 cm deep with soil turning
plough. Thereafter, two to three cross harrowing
should be done. One or two plankings are also needed
to make the surface smooth and well leveled. Enough
moisture is essential at the time of sowing.

Seed and Sowing : Select healthy and pure seed
of high yielding varieties, free from pests and
diseases. The tubers sowing any surface born disease
like scrab,wart, nematode infection or effect of rots
should be sorted out. It is advised to use certified seed
for good yields. For planting the crop, the seed potatoes
after removing from the cold storage be kept in a cool
and shady place for one to two weeks to allow the
emergence of sprouts. The sprouted tubers should be
used as planting material. Tubers should be treated
with 0.25 % Aretan/ Tafasan (6% mercury) solution
for at least two minutes against black scurf and rotting
of seed potatoes. To secure high yields, it is essential
to plant the potatoes at the optimum time. The best
time of planting is when the maximum and minimum
temperature are from 300C to 320C and 180 C to 200

C, respectively. In northern India, the following time
schedule should be followed for obtaining good yields.

Early Crop-25th Sept. – 10 th Oct.

Main Crop-15 th Oct.-25 th Oct.

Tubers having 30-50 g. weights are most
economical and give the highest yield. Distance
between ridges should be 55-60 cm while between
plants 20-25 cm. About 20-25 q. of seed is sufficient
for planting one-hectare area.

Fertilizer Management : Potato crop is heavy
feeder, and hence needs heavy doses of fertilizer  for
its good growth and yield. A good crop of potato yielding
about 400 q removes from the soil 170 – 180 kg
nitrogen, 25 kg phosphorus and 250 kg potash.
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Nitrogen : It is the most important nutrient
affecting the potato production. The doses
recommended for nitrogen is 150 kg /ha. Higher doses,
however, may not be desirable, since these tend to
delay tuber initiation and maturity of the crop.

Phosphorus : High phosphate response is also
found in light textured soils of U.P. because of their
low phosphorus level. Application of phosphorus @
80kg/ha, is recommended.

Potassium : Potassium requirement potato crop
is quite high of around 60 – 80 kg/ ha., depending upon
the potassium supplying capacity of the soil.

Water management : Potato crop is very much
responsive to good water management. Removal of
excess of water is essential. In no case water should
reach more than two – third height of ridges. As a
rule, soil must be kept always moist but hardening or
root wet conditions of soil should not be allowed.
Irrigation may be moderate to heavy but over flooding
of water on ridges should be avoided. The frequency
of irrigation also varies depending upon water table
and soil type. In medium to heavy soils three to four
irrigation shell be sufficient on the other hand, in sandy
soils having low water table 8 – 12 irrigation may be
necessary.

Earthing : Proper development of tubers depends
upon aeration, moisture availability and proper soil
temperature. Therefore, proper earthing up is
necessary. Earthing should be done when the plants
are 15-20 cm high. Generally earthing is done at the
time of top dressing of urea or nitrogenous fertilizers.

Weed control : the weed control in potato crop
is generally done by manual labour. However, in large
acreage this operation sometimes may not be
completed in time due to shortage of manpower.
Under such circumstances weedicide may be used.
In case of perennial weeds like Motha, or Doob
grass, Gramaxone may be sprayed @ 2.5 liters in 1000
liters of water per ha. Spraying should be done at a
stage when potato plants are emerging to the extent
of only 5 – 10 per cent and weeds have germinated
on the ridges. This is contact herbicide and therefore,
should not be sprayed on well grown potato plants. In
fields where perennial weeds are not the problem,

Simazine @ 0.5 – 1.5 kg per hectare over the ridges
just after planting.

Plant protection measures

Diseases

Late Blight : The disease may attack any time
after almost the crop has put up a fairy good foliage.
Initially, the lower levers are infected. In humid
atmosphere, the growth of the fungus can be seen on
lower side of spot as whitish cottony growth. The spots
turn black   as the affected leaves start rotting.
Decaying leaves often omit an offensive odour.

Control measures : Use seed from the disease
free areas. Destroy disease plants. Sprayed Dithane
M-45 or Dithane Z –78 (2.5 kg per 1000 liters of
water) Spraying should be repeated at 10 – 12 days
interval.

Early Blight : Early blight is more common than
late blight and can occur any where at any period. The
spot of disease on the leaves are brown to black with
concentric rings. Their number is numerous and
scattered all over the leaves. Heavily infected leaves
fall off after drying. Spots also appear on stems.

Control measures : Burning after harvest should
invariably destroy crop debirs. Spray recommended in
case of late blight also serves to control this disease.

Black scurf : There are two phases of disease.
In stem canker phase, the sprouts are killed before
they emerge and this delays the germination resulting
in loss of yield. The cankers may cause wilting of the
plants also. The black scurf phase is recognized by
appearance of black crust on the tubers with reduces
their acceptability to the consumer.

Control measures : Plant only healthy tubers.
The seed tubers should be applied 0.5% suspension
of Aretan or Agallol for ten minutes.

Insect pest

Aphids : These are small insects, either pale
yellow or dark in colour. Both nymph and adult
damage the plants by sucking the cell sap from the
leaves, tender shoots and stem.
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Control measures : Spray Metasystox 25 EC
or Rogor 30 EC @600 ml in 1000 liters of water per
ha.

Cutworms : The caterpillars cause the damage
by eating off the growing potato plants. They may cut
the twigs, leaves or entire potato plant above the soil
surface. The do more harem by cutting the plants than
by actual feeding.

Control measures : Flooding of fields reduces
the affect. Use of Temik @ 8 – 10 kg per ha. at the
time of sowing has been found effective in controlling
the insect.

Harvesting : Crop should be harvested when
haulums start yellowing and falling on the ground. At
this stage haulums should be removed at ground level.
The crop should be harvested about 15 days after
cutting the haulums. Tractor operated potato diggers
are available for digging the potatoes in the fields.

Yield : With recommended package of practices,
an yield of 300- 400 q per ha. can be obtained.

Okra

Land preparation : The okra does not exercise
any performance in sandy to clay soils, which are well
managed in terms of fertility and drainage. However,
neutral to slightly alkaline soils are ideally suited. Two
harrowing are enough for this crop.

Seed and sowing : The okra is planted in the
month of March. Seed rate varies according to the
sowing season, for summer crop about 20 kg per ha.
Seed is required . Soaking of seed in water for 24 hour
before sowing is recommended to enhance
germination. The seed should be dibbled 15 cm apart
on ridges 45 cm apart. The ridges should run north to
south.

Fertilizer management : A does of 140 kg
nitrogen, 80 kg phosphorus and 60 kg potash is
recommended for okra crop.

Irrigation : The summer crop need irrigation 4
– 5 days but frequency of irrigation in the rainy season
crop depends upon the rains and field moisture.

Weed control : The summer crop may need two
or three weedings and hoeings. Pre-planting application
of Basalin @ 2.5 liter per ha. four days before sowing
have been recommended  to check weeds. The
weedicide treated fields may however, need on e
weeding 60 days after sowing.

Plant protection measures

Diseases

Powdery mildew : Blotches of white powdery
coaling are found mainly on the lower surface of the
leaves. Affected leaves turn yellow and drop off.

Control : Dust fine sulphur as soon as disease is
noticed.

Yellow vein mosaic : It is a most serious disease
of okra. In severe cases, the leaves as well as fruits
become yellow and fruiting is badly affected. The
disease is transmitted only by insect vector known as
white fly.

Control : Uproot and burn the affected plants.
The disease tolerant variety like; Pusa Sawani should
be cultivated.

Insect pasts

Stem and fruit borer : The caterpillar bore in to
the growing point of the plant and later on it also bore
flower bud and young fruits.

Control : Spraying of the crop with Carbaryl 0.1
per cent or Monocrotophos 0.1 per cent, 40 and 60
days after sowing is found beneficial.

Jassids : These hoppers are a serious pest of this
crop. The suck the sap from the leaves, causing
curling of the leaves and burning effects on the edges.

Control : Spraying of Endosulfan 0.97% is found
to be beneficial.

Harvesting and yield : It takes 7 – 8 days from
flowering to picking of fruits, ready for market.
Generally market prefers small tender fruits 5 – 7.5
cm long on every alternate day. On an average the
yield of summer Okra varies from 60 - 65 q/ ha. of
green fruits.
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Contingent planning

The sustainability of the cropping systems
recommended depends upon the proper distribution of
rainfall, timely sowing, integrated nutrient management
and effective plant protection measures. It is a hard
fact that the average rainfall of Agra region is
decreasing year after year. The average rainfall, about
40 years back was around 750 mm per year, which
has come down per year to 635 mm per year.
However, the crops included in the copping system
like; Pearlmillet, dhaincha (GM) are capable of good
results even with proper distribution of rainfall.
However, in latter stages of Pearlmillet, some stress
has been observed indicating the necessity of irrigation.
Fortunately any disease or insect pest has not affected
the crop of Pearlmillet in Agra region. As already
indicated the soils are highly deficient in organic matter

therefore, addition of organic manure in any form or
inclusion of green manuring crop and pulses in rotation
is necessary. The Zinc deficiency has been noted in
principal crops and therefore, needs Zn application
preferably through Zinc Sulphate. In case of less
availability of irrigation water, farmers are advised to
take proper soil and water conservation methods and
applying irrigation at critical stages. The awareness
should be brought among the farmers regarding the
FIRB method (Furrow irrigation raised bed) for sowing
wheat, which economize the water as well as take
care of weeds. In case of Potato, which is getting high
popularity among the framers, calls the need for
efficient control of early/ late blight through fungicides.
In summer season, Greengram and Clusterbean are
highly adoptable in areas having good quality irrigation
facilities but needs protection against blue bull.

CENTRAL PLAIN ZONE OF UTTAR PRADESH*

Rice –wheat is one of the most important
predominant cropping system in Central Plain Zone of
U.P. Rice and wheat together are the main stay of
the food security system of the zone and also providing
food feed, income and employment to millions of
people engaged with this system. The population of
central plain zone is more which required higher food
grain to fulfill the demand. The productivity of rice and
wheat crops either grown alone or in system is much
high in comparison to other cereals grown in this zone
because the agro- climatic conditions i.e. productive
alluvial soil, maximum irrigated land and sub-tropical
climate is most favorable to rice and wheat crops in
comparison to other cereals. Therefore, the farmers’
of Central Plain Zone are adopting rice-wheat
cropping system in a large scale.

Production potential and yield gaps

The estimated yield potential and yield gaps are
presented in Table 1. The figures clearly reveals that

highest yield gap (33.57 q/ha) was noticed in wheat
crop with a tune of 153.5% percent from the average
yield of wheat crop. The maize crop showing 98.8 per
cent yield gap while rice revealed 97.2 per cent yield
gap from average yield. This reflects that maize and
rice both crop have a scopes to increase the yield upto
98.8 and 97.2 per cent, respectively. The yield of green
gram., sunflower, garlic and potato could be enhanced
upto 52.1, 16.1,11,1 6.7 percent respectively from the
average yields to bridge the yield gap.

Efficient alternative cropping systems

The different crop sequence were tested for 5
consecutive years ( 2001-02 to 2005-06) and mean
results revealed that maize-potato= sunflower cropping
system produced highest REY of 24.16 t/ha among
all crop sequences with highest NMR of Rs 68164 /
ha. This maize-potato-sunflower crop sequence proved
its superiority on productivity front as well as on return
front too (Table-2 ).

The nine crop sequences were evaluated for two
consecutive years i.e. 2006-08. The mean results

* Contributed by M.P. Yadav, U.S.Tiwari and J. Rai, Department of Agronomy, C.S. Azad University. of Agriculture. & Technology,
Kanpur (U.P)

* * * * *
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Table 1. Production potential and yield gap

Crop Maximum Yield Average yield Yield gap % Yield Gap
(Q/ha) (Q/ha) (Q/ha) to average

Maize  36.57 18.39 18.18 98.8

Potato 244.92  229.50 15.42 6.7

Sunflower  15.67 13.50  2.17 16.1

Garlic  91.65 82.50  9.15 11.1

Green gram  12.93  8.50  4.43 52.1

Rice 55.12 27.94 27.18 97.2

Wheat 55.44 21.87 33.57 153.5

Source : Uttar Pradesh Ke Krishi Ankade (2005-06) and Annual Report of AICRP. on Cropping Systems, Kanpur.

Table 2. Mean yield (kg/ha) and economics (Rs/ha) of different crop rotations during
2001-02 to 2005-06

Yield (kg/ha) REY Cost of Gross Net

Crop rotations Kharif Rabi Zaid (kg/ha) cultivation return return
(Rs/ha) (Rs/ha (Rs/ha)

Grain Straw Grain Straw Grain Straw

T
1
 Rice-Wheat 4189 5837 4838 7300 - - 12986 41773 74021 32248

T
2
 Maize-Wheat 2947 18138 4956 6830 - - 11614 36373 66197 29824

T
3
 .Rice –wheat-Moong 4684 5864 5015 6967 870 - 15920 50456 90744 40288

T
4
 Rice- -wheat- GM. 4514 6011 4915 6671 - - 13231 44673 75416 30743

T
5
 Rice-Mustard + 4540 5781 823 - 798 - 12963 54936 73890 18954

Field pea-Moong 1260 2480

T
6
 Maize-Toria-Wheat  3026 18237 1209 - - - 12976 49373 73963 24590

4053 3577

T
7
 Maize-Potato-Sunflower 2939 18118 25131 - 1362 - 24162 69560 137724 68164

T
8
 Maize-Vegpea-Wheat 3015 18148 4214 - - - 14243 48673 81185 32512

4014 4510

T
9
 Maize + Cowpea – 3088 17727 4699 5569 - - 14324 35037 81647 46610

Wheat+ Mustard (1:1 ) 641 2829 434 -
(9:1)

T
10

 Early PP + Moong- 1293 5954 4406 6154 - 14156 35000 80692 45692
wheat+ Mustard (1:1 ) 798 3172 418 -
(9:1)

REY - Rice equivalent yield

reflected that highest REY 30.66 t/ha was obtained
through Maize-Garlic-GG (G+R) crop sequences and
this sequence fetched out highest net monetary return
of Rs. 1,16,977/ha among all nine crop sequences
(Table-3 ).The efficient alternative cropping systems
identified are as follows

1. Maize-Potato-Sunflower

2. Maize- Garlic-Green gram

3. Maize + Black gram-Potato-Onion

4. Hybrid rice-Wheat-Green gram.
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Table 3. Mean yield (kg/ha) and economics (Rs/ha) of different crop rotations during 2006-08

Yield (kg/ha) Rice Cost of Gross Net B:C

Crop rotations Kharif Rabi Zaid Equiva- culti- return return ratio
lent vation

Yield

Grain Straw Grain Straw Grain Straw (kg/ha) (Rs/ha) (Rs/ha) (Rs/ha)

Rice-Wheat 5474 6338 5153 5888 - - 15549 50797 108845 58048 2.14

T
2
 Hy. Rice-Wheat 9669 10858 5336 6110 - - 20720 53583 145042 91459 2.70

T
3
 Hy.Ricet –wheat- 9686 10863 5438 6251 787 - 23739 65048 166172 101124 2.55

GG(G+R)

T
4
 Maize -wheat. 2534 11021 5696 6414 - - 13604 43026 95227 52201 2.21

T
5
 Maize-Mustard -Onion 3408 10425 1868 8133 12772 - 17187 72331 120309 47978 1.66

T
6
 Maize-Mustard – 3418 10272 1884 6858 989 - 13459 50663 94216 43553 1.86

Green Gram

T
7
 Maize+ Green Gram- 3329 10331 19566 - - - 25696 87517 179874 92357 2.06

Potato-Wheat 376 1646 4898 5295

T
8
 Maize+ Blackgram- 3376 10396 19473 - 15787 - 25191 96982 176334 79362 1.82

Potato-Onion 451 1825

T
9
 Maize - Garlic-G.G. 3465 10705 8082 - 1161 - 30667 97690 214667 116977 2.20

(G+R)

Package of practices

The package of practices for crops under two
most efficient cropping systems viz Maize-Potato-
Sunflower and Maize-Garlic-Green gram are as
follows.

Maize

Land preparation : Two ploughing with harrow
and two ploughing with cultivator followed by planking
should be done after each ploughing .

Variety : Azad uttam

Sowing time : 15 to 30 June

Seed treatment : Seed should be treated with
2.5 gram thirum /kg seed or 2gm carbendazime before
sowing .

Seed rate : Hybrid - 20-25 kg/ha, Composites-
18-20 kg/ha

Spacing : Row to row- 60 cm, Plant to plant-
20cm

Method of planting : Sowing of maize should
be done in row behind the plough below 3.5 cm depth.

Manure and fertilizer : Recommended dose of
fertilizer i.e NPK @ 120:60:60 kgha-1 should be
applied. Half the nitrogen and full doses of phosphorus
and potassium should be applied at the time of the
sowing and rest half nitrogen should be top dressed
in two equal splits at 20-25 days after sowing and
tasselling stage.

Irrigation : Irrigation should be done as and
when required. Irrigation at initial and milking to grain
formation stage is desirable. Infact sufficient moisture
must be ensured.

Weed Control : It is very difficult and
economically not feasible to keep the crop weed free
through-out the growing season. The maize crop kept
weed free for 30 to 45 days after sowing. Two to three
manual weeding would be needed for this purpose. For
chemical weed control atrazine at the rate of 1.5-2kg/
ha should be applied as premergence to keep the crop
free from weeds.
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Earthing : To check the lodging of maize crop
earthing should be done by soil turning plough.

Insect-pests

Stem borer : Spray 1.5 Litre thiodan 35 EC or
2. kg ( 50% soluble ) carboryl in 1000 litre of water
per hectare .

Shoot fly : Application of 10 per cent thimet G
@ 15 kgha-1 at the time of sowing in furrows.

Maize leaf roller : Spray thiodan (0.1%) @ 500-
700 litre/ha-1

White grub : Use thimet 10 G @ 15 kg/ha-1

should be mixed in soil before sowing.

Disease

Bacterial stalk rot : Bleanching powder should
be applied along the rows at the rate of 10-25 kg/ha.

Brown strip downy mildews : It can be
controlled by three to four sprays of Bordeaux mixture
(4:4: 50) or maneb (1.5 kg in 600 litre of water)

Maydis and turcium leaf blights : This disease
can be controlled by two to four spraying of zineb or
maneb (1.5 kg in 600 litre of water/ha-1 ).

Harvesting : Maize crop should be harvested
when hush has turned yellow and grains are hard
enough having less than 30 per cent moisture. Do not
wait for stalks and leaves to dry because they remain
green in most of the hybrid and composites. Remove
the hush from the cobs and then dry them in sun for
seven to eight days. Thereafter grains are removed
either by beating the cobs by sticks or with the help
of maize shellers.

Potato

Field preparation : A well pulverized seedbed
is required for good tuberisation of Potato . Soon after
Kharif harvest, two ploughing with harrow and two
plowing with cultivator should be done and after each
ploughing planking is also done.

Variety : Type-3797

Sowing time : 15- 30 October.

Seed rate : 20-25 q/ha.

Spacing : Row to row 45 cm, Plant to plant 15cm

Seed treatment : For planting the crop the seed
potatoes after removing from the cold storage be kept
in a cool and shady place for one week to allow the
emergence of sprouts. The sprouted tubers should be
treated with 0.25% Aretan/ Tafasan (6% mercury)
solution for at least two minutes against black scurf
disease and rotting of seed potatoes.

Methods of planting : Potato planting should be
done on flat surface followed by ridges. In this method
field is prepared and then shallow furrow are opened
on flat surface. Potatoes are planted in furrows and
immediately after planting tubers small ridges are
made. Latter on these ridges are made thick by
earthing up of the side soil.

Manures and fertilizers : Recommended dose
of fertilizer i.e NPK @ 200:100:100 kg/ha-1. Half of
nitrogen and full doses of phosphorus and ;potassium
was given at the time of planting and half of nitrogen
should be given as top dressing 30 days after planting
when earthing is done.

Irrigation : The objective of irrigation is to supply
uniform water throughout the plot. As a rule soil must
be kept always moist but hardening or too wet
condition of soil should not be allowed. On the other
hand 4-5 irrigations are essential during the cropping
period.

Earthing : Proper development of tubers depends
upon aeration , moisture availability and proper soil
temperature. Therefore, proper earthing up is
necessary. Earthing should be done when the plants
are 15-20 cm high. Generally earthing is done at the
time of topdressing of nitrogen fertilizers. The ridges
should be broad, loose and high enough to cover up
tubers.

Weed Control : The weed control in potato crop
is normally done manually by labour.
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Disease

Late blight and early blight : Spray of Dithane
M-45 or Dithan Z-78 (2.5 kg/1000 liter of water/ha).
Spraying should be repeated at 10-12 days interval .

Mosaic : Spray the crop with metasystox or
Rogor at the rate of 600-700 ml desolved in 500-600
liter of water/ha at 10-15 days interval to check the
insect that spread this disease .

Insect pests

White grub : Apply haptaclor 3% dust or aldrin
5% dust at the rate of 45-60 kg/ha in soil before
growing and mix properly. Use carbofuran 3G @ 30
kg/ha at the time of sowing .

Harvesting : Crop should be harvested when
haulms start yellowing and falling on the ground. At
this stage haulms should be remarked at ground level.
The crop should be harvested after 15 days cutting
of the haulms. Digging is done with spades or Khurpi.
After digging the tubers may be allowed to dry on the
ground for sometime in shade.

Sunflower

Field preparation : Sunflower requires well
pulverised and weed free land with adequate moisture
supply. In summer season crop one pre irrigation
should be given after rabi harvest and when field is
come in condition two ploughing with harrow and two
ploughing with cultivator should be done and after each
ploughing planking is also done.

Variety : Modern

Sowing time  15 Feb-15 March

Seed rate : 12-15 kg/ha

Spacing : Row to row 45cm, Plant to plant 15
cm.

Seed treatment : Before sowing seed should be
treated with thiram @ 2.5gm/kg of seed.

Method of sowing : Sowing of sunflower should
be done in row behind the plough in 3 to 4 cm depth.

Manures & fertilizers : Recommended dose of
fertilizer i.e NPK @ 80:60:40 kg/ha. Half of nitrogen
and full doses of phosphorus and potash should be
given at the time of sowing and rest half of nitrogen
should be given as topdressing after 25-30 days after
sowing at first irrigation..

Irrigation : During summer more irrigation should
be needed. The first irrigation should be given after
20-25 days after sowing and subsequent irrigation
should be given at 15 days interval. At flowering and
grain filling stage irrigation is essential.

Weed control : Interculture operation are
essential to minimise the competition of sunflower
plant with the weeds. weed free condition upto 60 days
after sowing results is better yield performance.

Disease

Alternaria blight : Spray weekly 3 kg Dithane
M-45 desolved in 1000 litre of water/ha.

Insect pest

Seedlling pests : Apply 6 litre of Aldrin 30 EC /
ha with irrigation water.

Folliage feeding pests : Use Endosulfan 35 EC,
1250 ml/ha.

Harvesting and threshing : The sunflower crop
is ready for harvest when moisture in seed is 20
percent . All heads may not be ready for harvesting
at one time therefore, harvesting done two to three
installments. The commercial crop may be threshed
with available thresher by reducing their seed.

Garlic

Field preparation : A well pulverised seed bed is
required for the best development of the crop Garlic is
taken as rabi crop after kharif harvest two ploughing
with harrow and two to three ploughing with cultivator
is needed for good pulverisation of soil. After each
ploughing planking is also done.

Variety : Local

Sowing time : 15 October to 15 November
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Seed rate : 4-5 q/ha

Spacing : Plant to plant 10 cm, Row to row –20 cm

Method of sowing : Garlic sown in furrow planting
method . In this method the furrow are made 20 cm apart
in the beds with a small hand hoe or cotton drill. The
cloves are dropped with the hand about 8-10 cm apart
and 5 to 8 cm deep and are covered over with the soil.

Manures and fertilizers : Recommended dose
of fertilizer i.e NPK @ 120:60:60 kg/ha. Half of
nitrogen and full doses of phosphorus and potassium
given at the time of planting and half of nitrogen should
be given as topdressing after 30 day after sowing.

Weed control : The weed control in garlic is
mainly done by manual labour. Usually 2-3 weeding
are done during the first two months grown when the
crop starts bulbing . Later on weed should preferably
pulled out with the hand to avoid any root injury.

Irrigation : In garlic Ist irrigation given
immediately after sowing and thereafter every 10-15
days till the season warms up when more frequent
irrigation is required. Efforts should be made to see
that moisture is not wanting in the growing season, least
it may interfere with the development of the bulbs,
when bulb starts ripening irrigation should be given
sparingly. The last irrigation should be given two to
three days before harvesting to soften the soil and
making harvesting easy without damaging the bulbs.

Pest and disease : The pest of garlic has been
responsible for heavy losses in the field is garlic thrips.
Spray 6.5% Lindane at 6.3 g/ liter of water.

Disease : Purple blotch, Basal rot, White rot and
Black mould. Thiram, Dithane M-45 and Bavistin were
found best in controlling above all disease.

Harvesting : The crop is ready for harvesting
when the tops turn yellowish or brownish and show
signs of drying up usually about a month or so from
the emergence of seed stalks. The bulbs are lifted,
freed from earth and the leaves tied at the top.

Green gram

Field Preparation : In summer season crop, one
pre irrigation given after rabi harvest and when field
come in condition two ploughing with harrow and two
ploughing with cultivator has to be done. Planking
should be done after each ploughing .

Variety : K-851

Sowing time : 15 March to 15 April

Seed rate : 15-20kg/ha

Spacing : Row to row-30cm

Seed treatment : Before sowing seed should be
treated with thiram @ 2.5 gm/kg of seed. Seed should
also be treated with moong Rhizobium culture as well.

Method of sowing : Sowing of moong in summer
should be done in row behind the plow below 3-4 cm
depth.

Manure & fertilizer : Recommended dose of
fertilizer i.e N and P @20:40: kg/ha should be given.
Full doses of nitrogen and phosphorus should be given
at the time of sowing about 5-7 cm below the seed.

Irrigation : During summer due to higher
temperature and low relative humidity more irrigation
should be needed. The first irrigation should be given
after 20-25 days after sowing and subsequent irrigation
should be given at an interval of 12-15 days. No
irrigation should be given when the crop is in full bloom
stage.

Weed control : Weed do not pose a serious
problem during summer. However, one weeding should
be done after irrigation.

Disease

Yellow mosaic : The best method to control this
disease is to grow resistant variety. Spray the crop
twice or thrice with insecticide metasystox ( 0.1%)
melathion (0.1%) at 10 days interval.
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Insect pests

Hairy cater pillar : Collect and destroy the eggs
and young larva.The young caterpillar can also be
killed by dusting 10% BHC dust @ 25-30 kg/ha. For
full grown caterpillar spray 1.5 litre endosulphan in
1000 litre of water/ha.

Leaf Hopper and jassids : Spray the crop with
0.04% monocrotophose 40EC.

Harvesting and threshing : Picking should be
done as soon as the pods mature. Harvesting should
be completed in two to three picking. The pods of
whole crop after complete drying should be threshed
manually.

Contingency planning

In case of delayed monsoon in Kharif, Pearl
millet, Urd bean and sesame crops may be taken as
contingent crops in sequence.
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ZONE 5. MIDDLE GANGETIC PLAINS
This zone occupies about 17.0 million hectare  spread over eastern Uttar Pradesh and Bihar.

The zone is sub-divided into six zones: North eastern plain, eastern plain, Vindhyan, North Bihar
plains, North east plains and South Bihar plains. Three on-station and three on-farm centres of
AICRP on Cropping Systems are located in the zone to represent different sub-zone/NARP
zones. The resource efficient alternative cropping systems and package of practices for
identified crops are discussed here with special reference to following zones.

● Agro-climatic zones of eastern Uttar Pradesh

● Eastern plain sub humid zone of U.P.

● Agro-climatic zones of Bihar

* Contributed by H.P. Tripathi, Alok Kumar and S.P. Singh, Department of Agronomy, N.D. University of Agriculture and Technology,
Kumarganj, Faizabad (U.P.)

AGRO-CLIMATIC ZONES OF EASTERN

UTTAR PRADESH*

The state of Uttar Pradesh has been divided in
nine agro-climatic zones having three zones in each
part of western, central and eastern Uttar Pradesh.
The eastern U.P. consists of 25 districts, located
between 240 to 27034' N latitudes and 81013' to 84011'
E longitudes. Eastern U.P. has been divided into three
agro-climatic zones namely, North Eastern Plain zone
(NEPZ), Eastern Plain Zone (EPZ) and Vindhyan
Zone (VZ), covering an area of 42%, 44% and 14%
of eastern U.P., respectively. The land utilization
statistics showed that the net sown area in eastern
U.P. is 4.8 m ha, which is 28% of the net sown area
of the state.

The population of eastern U.P. is about 34% of
the total population of the state. Nearly 90% population
of eastern U.P. live in rural areas. The people directly
engaged in agriculture is about 55.4% in eastern U.P.
The most of the families are illiterate because of their
poor economic condition and very poor infrastructure
for education. The major area of all the zones is
occupied by rice-wheat cropping system. The cropping
intensity in the area is about 160%.

Soil

The soils of North Eastern Plain Zone are
developed from the alluvium deposited by the network

of Gandak, Rapti and Ghaghra rivers and their
tributaries. The soils are mainly sandy loam (40%)
loam (30%) and silt loam (20%) in texture. The soils
fall under order Mollisol (35%) followed by Inceptisol
(30%) and Entisol (30%). A long strip of calcarious
soils (25-40% CaCO

3
) is also found along the border

of Nepal. This soil showed calcium induced deficiency
of micro and macronutrients. The northern part of this
zone, adjoining to foot hills of Nepal, is called tarai
region. This is covered by deep fertile soils of medium
to heavy textured. The hard rocks are present beneath
the tarai soil.

The soil of Eastern Plain Zone has been developed
from the alluvium transported by rivers Ganga, Saryu,
Gomti and their tributaries. Majority of soils (75%) are
loam, silt loam and silt clay loam. The soils are under
the order Inceptisol (80%) followed by Alfisol and
Entisol. About 3.5 lakh ha area is under salt affected
soils, characterized by high pH, ESP, bulk density and
low organic matter, infiltration rate and porosity. The
hard pans are present at varying depths specially in
the salt affected areas.

Vindhyan Zone has undulated topography and
rocks. On sloppy areas, soils are gravelly, shallow,
sandy loam in texture and excessively drained. In flat
areas, soils are fertile, loam to clay loam in texture
with good potential for crop growth. In low lying areas,
soils are deeper, heavy textured, black in colour and
classified as Karail vertisols.
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Climate

The climate in eastern U.P. is subtropical sub
humid. The minimum temperature ranged from 90C
in January to 290C in June. While the maximum
temperature ranged between 250C in January to
43.50C in May. On an average, EPZ is slightly warmer
followed by VZ and NEPZ. The average relative
humidity varies from 42 to 82% with maximum values
during July-September. The NEPZ is relatively more
humid than EPZ and VZ. The average annual rainfall
in eastern U.P. is around 1100 mm, but it is quite erratic
and confined to July-September (85-90%). The normal
annual rainfall is the highest in the NEPZ (1214mm)
followed by VZ (1134mm) and EPZ (1020 mm).

Land holding size

The average size of land holdings varies from less
than 0.5 ha to more than 10 ha in eastern U.P. Nearly
82% of the farmers possess holding size less than 1
ha and 12% farmers hold in between 1-2 ha land. Thus
about 95% are marginal and small farmers in NEPZ
and EPZ. Where as  in VZ 86% farmers posses
holding size of less than 2 ha.

Farmer’s population

Nearly 90% population live in rural areas. The
zone wise rural population is 92.6%, 88.4% and 86.9%
in NEPZ, EPZ and VZ, respectively. The people
directly engaged in agriculture is about 56% in eastern
U.P. There are 19.4% land less labourers in EPZ 17%
in NEPZ and 32.7% in Vindhyan zone.

Irrigation sources and irrigated area

The eastern U.P. region is quite rich in ground
water resource; water level varies from 0.7 to 14.5
m during pre-monsoon and 0.5 to 7.5 m during post-
monsoon period. The ground water utilization is,
however, limited and varies from 16% in VZ to a
maximum of 42% in EPZ. The water use efficiency
is quite low specially in canal commands.

About 40% of net sown area in Eastern U.P. is
wholly rain dependent (29% in EPZ, 50% in NEPZ
and 58% in VZ). The partially irrigated area varies
from 28% in VZ to 43-47% in other zones, and fully

irrigated area is only 16% in eastern U.P. which varies
from 7.5% in NEPZ to 24% in EPZ.

Input use

In general, the input use efficiency is quite low
and in most areas, cereal-cereal crop rotations like
rice-wheat are being continuously in practice with
imbalanced fertilizer application affecting soil health
adversely. Fertilizer consumption is low and grossly
imbalanced, tilted more towards N followed by P and
K. There is wide variation in the consumption ratios
of fertilizer from region to region. In past years, the
consumption of N increased while consumption of P
and K nutrients reduced.

Major crops and cropping systems

Rice-wheat is the predominant cropping system
of eastern U.P. which occupies 65-70 per cent of the
area under cultivation. About 90% wheat is planted
after rice. Mixed cropping is done on large scale to
avoid  the risk. Mustard is mostly grown with wheat
rather than as a pure crop. Similarly, pigeonpea mixed
with sorghum and pulses in uplands. Some other mixed
cropping patterns are : maize + urd, potato + mustard,
wheat + gram.

In North Eastern Plain Zone, cereals occupy 78%
of the total cropped area followed by sugarcane
(8.4%), pulses (7.9%), oilseeds (3.6%). The cropping
intensity of the zone is 155%. Among kharif crops
rice, maize and pigeonpea are major crops which share
71%, 9.7% and 2.5% area. During rabi, wheat, gram
and lentil have a share of 61%, 3.5% and 2%,
respectively.

In Eastern Plain Zone, the major crops during
kharif are rice (55%), sugarcane (6%), maize (5%),
pigeonpea (4%) and during rabi are wheat (57%),
gram (6%), mustard/toria (4.5%).

In Vindhyan Zone, cereals occupy about 67% of
total cropped area followed by pulses (14%) millets
(7%) and oilseeds (6%). Major kharif crops are rice,
maize and pigeonpea which occupy 43%, 4% and 5%
of net sown area, respectively. Wheat, gram and
barley are major rabi crops covering 35%, 11% and
8% of net cultivated area.
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Constraints and problems

Small and fragmented holdings : The adoption of
well proven technology is constrained due to small size
of holdings and poor farm resources. The small and
marginal farmers (94% farmers having less than 2 ha
land) do not dare to invest in the costly inputs due to
high risk. The purchase capacity of these farmers is
also very low.

Fertility management : Application of FYM is
common in most of the crops. But the quality and
quantity, both are poor and its method of application
is defective. Cow dung and animal bedding materials
are not properly placed in a pit but heaped in an open
area resulting in the loss of nutrients through
volatilization and leaching through rain water. Factors
responsible for limited and imbalance use of fertilizers
are (a) non availability of fertilizers in time, (b) poor
purchasing power of the farmers.

Weed management : The availability of labour has
accentuated the serious weed problems in the area.
Kharif weeding is practiced only when weeds become
taller and the damage is visible. Generally, no weeding
is practiced in rabi due to scarcity of labours.
Continuous cropping of same crops in the system also
promotes the problem of weeds.

Water management : Inspite of the fact that most
of the rivers run through the eastern U.P., 40% of net
sown area is rainfed. Only 16% area is fully irrigated
and remaining 44% area is partly irrigated. The lack
of water at the proper time constrains the crop
production in the area. Farmers prefer to wait for rain

rather than invest money in tubewell irrigation due to
their poor economic conditions.

Crop rotation : In general, cereal-cereal crop
rotations, mostly rice-wheat, are being continuous
practiced in more than 70% the area. There is ample
scope of introducing short duration crops like pulses,
rapeseed, fodder etc, to increase the cropping intensity
as well as to maintain soil fertility.

Seed : Farmers mostly use their own seeds. This is
due to (a) Non availability of seed of wheat and rice
in time (b) high cost of certified seed (d) poor
purchasing power of the farmers.

Management of problematic soils : The eastern
U.P. has a sizeable area of problem soils such as Bhat
(calcarious) soil, Diara and waterlogged area, sodic
soils, Karail (black) soils and red-lateritic soils.

Lack of mechanization : Due to small and
fragmented land and poor socio-economic status of the
farmers, there is very limited use of improved farm
machinery which adversely affect the productivity of
the crops.

Production potential and yield gaps

The perusal of the data presented in table 1 reveal
that there is large gap between the yields obtained
from experimental plots and the average yields of
district (farmers field) which can be minimized by
adopting improved varieties and improved packages
of practices of efficient cropping systems. The yield
gap is larger (more than 100 %) in rice than in wheat
(70 %).

Table 1. Production potential and yield gaps

Years Maximum yield of Average yield of Faizabad Yield gap (q/ha)
experiment (q/ha) district (q/ha)

Hybrid Rice Wheat Rice Wheat Rice Wheat

2003-04 80.79 38.47 27.43 26.33 53.36 12.14

2004-05 81.98 46.45 23.47 23.76 58.51 22.69

2005-06 85.29 50.65 24.93 26.11 60.36 24.54

2006-07 78.11 49.50 17.40 26.85 60.71 22.65

2007-08 75.00 47.61 21.16 27.58 53.84 20.03

Mean 80.23 46.54 22.88 26.12 57.35 20.41
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Efficient alternative cropping systems

Eastern Plain Zone (Irrigated conditions)

Rice -wheat is by and large the most important
crop sequence, occupying 60-70% of the total
cultivated area in eastern Uttar Pradesh. Wide
adoption of this system is mainly due to stable
production and minimum labour (man-days)
requirement (Kumar et al., 2001). But continuously
adoption of the same sequence resulted many problems
like emergence of specific weeds, reduced soil fertility
in specific root zone with special reference to micro
nutrients and infestation of similar kind of pests which
ultimately resulted in declining the efficiency and
productivity of the system (Katyal, 2003; Kumar and
Yadav, 2005). Traditionally long duration rice varieties,
grown in low land situations of eastern U.P., delays
the sowing of wheat which is another reason of yield
decline in the system.  It is difficult to replace the rice
by any other crop in rainy (kharif) season due to soil
and climatic conditions of the area. Hence, the only
option left is to replace wheat in winter (rabi) season
for diversification of rice-wheat system.

Maximum rice grain equivalent yield of 18.1 t/ha/
year was recorded with rice-potato-green gram
sequence followed by rice-onion (1.34 t/ha/year) which
showed an increase of 54 and 15% over conventional
rice– wheat sequence (Table 2). The highest net
return of Rs. 43.1 thousand/ha/year was also provided

by rice-potato-green gram sequence followed by rice-
onion (Rs. 36.4 thousand/ha/year) and both the
sequences gave significantly higher net return than
conventional crop sequence.

Rice-potato-greengram and rice-onion sequences
gave the higher production efficiency of 57.4 and 55.9
kg/ha/ day against 45.1 kg/ ha/ day in rice-wheat
sequence. The land use efficiency (86.3%) and
employment generation efficiency (1.18 man days/ha/
day) was found highest in rice-potato-greengram
sequence due to intensification of this system. The
increase in employment generation in rice-potato-
greengram and rice-onion system enhanced the
profitability. The highest monetary return use
efficiency (152 Rs/ha/day) and water use efficiency
(20.3 kg/ha/mm) were obtained in rice-onion system
(Table 3).

Changes in the organic carbon and availability of
major nutrients over five years (Table4) showed that
inclusion of leguminous crop (greengram) in the system
increased the organic carbon and availability of
nitrogen, phosphorus and potassium in soil.

In another set of experiment it could be revealed
that medium duration hybrid rice (PHB-71) followed
by potato- green gram crop sequence proved to be
most remunerative with the net profit Rs. 126359 / ha
/ annum followed by scented rice Pusa basmati-lentil-
maize + cowpea (greenfodder) which provided Rs.

Table 2. Yield and economics of various rice - based crop sequences (mean of five years)

System/varieties Yield (t/ha) Rice Cost of Net B:C Sustain

Kharif Rabi Zaid yield cultivation return ratio ability
equivalent (Rs x 103/ (Rs x 103/ index

(t/ha/yr) ha/yr) ha/yr)

Rice (MD) NDR 359- 5.3 4.61 - 11.7 30.6 33.4 1.10 0.96
wheat (NS) HUW 234

Rice (MD)-potato (C-140)- 5.47 24.71 0.91 18.1 56.3 43.2 0.77 0.86
greengram (NM-1)

Rice (LD) Jal Lahari- 4.89 13.65 - 13.4 37.4 36.4 0.97 0.83
onion (Pusa red)

C.D. (P=0.05) - - - 1.02 - 1.89 - -

Sale price: (Rs./kg)- Rice grain-5.60, Rice straw-0.25, Wheat grain-6.40, Wheat straw-1.00, Potato-2.50, Green gram-15.00, Onion-3.50
LD – Long duration, NS – Normal sown, MD – Medium duration
Source : Kumar et al. (2008)
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92809 /ha /annum as net return (Table 5). The next
best sequence was rice (PHB-71)-mustard-blackgram
which recorded net return of Rs.83522 compared to
return of Rs.58756 / ha / annum recorded from rice
(S-52)-wheat, the existing cropping sequence. The
highest benefit : cost ratio of 2.43 was recorded with
rice (Pusa basmati)-lentil-maize + cowpea green
fodder. The lowest values of B:C ratio of 1.58 noted
with existing crop sequence of rice (Sarjoo-52)-wheat.

The rice (PHB-71) potato-greengram and rice
(basmati)-lentil-maize + cowpea (green fodder)
sequences gave higher productivity compared to
existing rice-wheat sequence. The land use efficiency,
nutrient use efficiency, energy production as well as
system profitability was also higher in these sequences
as compare to conventional rice-wheat sequence
(Table 6).

The soil nutrients data presented in table 7 reveal
that there was increase in available nutrients viz. NPK

in soil after compelition of 3rd cycle. The increase was
more pronounced in rice-potato-greengram followed
by rice-mustard-black gram. The minimum increase
was noticed in existing cropping system of rice-wheat.

Based on experiments conducted over years and
discussed above the cropping systems involving rice-potato-
greengram, Rice-onion, Basmati rice-lentil-green fodder
(cowpea+maize and hybrid rice-mastard-blackgram systems
were identified to be most efficient systems.

For heavy textured soils (medium land)

Since long, conventional cropping system of rice-
wheat under medium to heavy textured soil and
pigeonpea-fallow under light textured soil is being
followed in most of the areas of eastern plain zone of
Uttar Pradesh. The productivity of rice-wheat system
has shown consistently declining trend in most of the
areas. However, diversification with pulses and
oilseeds in the system was found more beneficial than

Table 3. Efficiency of various rice - based crop sequences (mean of five years)

Treatment Productivity LUE NUE WUE MRUE EGE Weed WCE
(kg/ha/day) (%) (kg grain/ (kg/ha/ (Rs/ha/ (man days/ dry wt %

grain/ mm) day) ha/day) (g/m2)
ha/kg N)

Rice (MD)- 45.1 71.2 48.9 19.5 131 0.54 115 -
wheat (NS)

Rice (MD)- 57.4 86.3 63.5 20.1 137 1.18 85 26.1
potato-greengram

Rice (LD)-onion 55.9 65.7 49.7 20.3 152 0.85 70 39.1

LD – Long duration, MD – Medium duration, NS – Normal sown, PE = Production efficiency, LUE = Land use efficiency, NUE = Nitrogen use
efficiency, WUE = Water use efficiency, MRUE = Monetary return use efficiency, EGE = Employment generation efficiency, WCE = Weed
control efficiency

Source : Kumar et al. (2008)

Table 4.  Changes in soil fertility parameters after 5th cycle as influenced by different rice - based crop sequences

Treatment Organic carbon (%) Available N (kg/ha) Available P (kg/ha) Available K (kg/ha)

Rice (MD)-wheat (NS) 0.56 154 21.5 148

Rice (MD)-potato-greengram 0.59 160 23.4 159

Rice (LD)-onion 0.57 159 22.8 163

Initial soil test values 0.54 142 18.6 136

LD – Long duration, NS – Normal sown, MD- Medium duration.

Source : Kumar et al. (2008)
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Table 5. Productivity and economics of different crop sequences at Faizabad centre

Crop sequences / Variety Yield (q/ha) Rice Cost of Net B:C

Kharif Rabi Summer Kharif Rabi Summer yield cultivation return ratio
equivalent (Rs./ha/ Rs./ha/
(q/ha/year) year) year)

Rice Wheat Fallow 52.50 42.55 - 127.75 37055 58756 1.58
(S-52) (PBW-343)

Rice HYB Potato Green 78.25 270.65 9.70 266.40 73445 126359 1.72
(PHB-71) (K. Ashoka) gram

(NDM-1)

Rice HYB Mustard Black 76.45 18.35 9.80 168.88 43135 83522 1.94
(PHB-71) (NDR-8501) gram

(NDU-1)

Rice Lentil Green 42.60 19.50 416.50 187.67 38195 92809 2.43
(Pusa (NDL-1) fodder
Basmati) (Maize +

cowpea)

Sale price (Rs./kg)- Coarse rice-7.50, Basmati rice 14.00, Rice straw-0.30, Wheat grain-10.50, Wheat straw-1.50, Greengram 30.00, Blackgram
30.00, Lentil 25.00, Mustard 20.00, Potato 4.00, maize + cowpea (green fodder) 0.50.

Table 6. Various indices for efficiency of different cropping systems at Faizabad centre.

Cropping system System LUE Apparent Energy System
productivity (%) nutrient use production profitability
(kg/ha/day) productivity (K x 1000 cal.) (Rs/ha/day)

Rice-wheat 35.00 73.97 27.77 32887 160.90

Rice-potato -greengram 72.98 87.67 40.98 56692 346.18

Rice-mustard -blackgram 46.26 86.30 33.11 39651 288.82

Rice-lentil –green fodder 51.41 90.41 41.70 25014 254.27
(maize + cowpea)

Table 7. Effect of various cropping systems on nutrients availability in soil after
3 cycles at Faizabad centre

Crop sequence O.C (%) Av. N Av. P Av. K

Kharif Rabi Summer (kg ha-1)

Rice Wheat Fallow 0.54 153 19.8 148

Rice HYB Potato Green gram 0.57 160 22.6 157

Rice HYB Mustard Black gram 0.58 157 21.4 152

Rice (Basmati) Lentil Green fodder 0.55 154 19.0 145
(Maize + cowpea)

Initial value (June 2005) 0.61 142 18.0 136
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cereal after cereal. The practice of mono cropping of
long duration pigeonpea is not remunerative due to loss
of one crop during rabi season. With the advent of
short duration varieties of pigeonpea, which are
relatively photo period insensitive, opened the new
avenues in the direction of inter and/or double
cropping.

On the basis of  72 trials conducted at 6 locations
in medium to heavy textured soils of Jaunpur, Sultanpur
and Barabanki districts of eastern Uttar Pradesh during
2000-2006 (Table 8), it was observed that
diversification of cereal-cereal (rice-wheat) to cereal-
pulse/oilseed (rice-gram/mustard) was found more
remunerative. The highest net return of Rs. 35,929 ha-

1 year-1 was obtained by rice-gram followed by rice-
mustard (Rs. 26968 ha-1 year-1) and these systems
showed an increase of Rs. 10642 and Rs. 1681 ha-1

year-1 over net return of rice-wheat (conventional
system), respectively.

Table 8. Productivity, profitability and sustainability of various cropping systems
(mean of six years 2000-06)

Cropping systems                  Grain yield Wheat Cost of Net Benefit: Sustain-
                   (t ha-1) yield cultivation return cost ability

equivalent (Rs. ha-1 (Rs. ha-1 ratio index
Kharif Rabi (t ha-1 year-1) year-1)

year-1)

A. Medium irrigated soils (mean of six years)

Rice (NDR-359)-wheat 4.63 4.86 8.55 28569 25287 0.88 0.95
(HUW 234)

Rice-gram(Radhey) 4.70 2.26 9.78 25701 35929 1.40 0.90

Rice-mustard (NDR 8501) 4.75 1.69 8.21 24760 26968 1.09 0.94

CD 5% - - 0.32 - - -

B- Light textured uplands (mean of five years)

Pigeonpea (UPAS-120)- 1.30 3.31 6.70 21954 20490 0.93 0.96
wheat (HUW 234)

Pigeonpea + blackgram 1.05 + 0.43 3.61 7.81 23114 26103 1.13 0.89
(NDU-1) -wheat

Blackgram-mustard 1.04 1.40 5.88 17622 19444 1.10 0.84
(NDR 8501)

CD 5% - 0.56 - - -

Source : Singh et al. (2007)

For light textured soils (upland)

On the basis of 54 trials conducted in light textured
soils of Sultanpur district during 2000-2005 (Table 8),
pigeonpea intercropped with blackgram-wheat
sequence gave maximum wheat yield-equivalent (7.81
t ha-1) and highest net return of Rs. 26103 ha-1

year-1 which showed an increase of Rs. 5613 and 6659
ha-1 year-1 over pigeonpea-wheat and blackgram –
mustard cropping systems, respectively (Table 8).
These remunerative cropping systems viz. rice-gram
and pigeonpea + blackgram-wheat systems were also
found quite stable (SI=0.90 &0.89) in terms of yield.

North Eastern Plain Zone (Calcarious Bhat Soils)

Rice-wheat is the conventional cropping system
for heavy textured calcarious (Bhat) soils of North-
Eastern plain zone (NARP Zone 7) of Uttar Pradesh.
The productivity of rice-wheat system has shown
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consistently declining trend. However, inclusion of
pulses/green manure/ oilseed crops have improved the
productivity and enhanced the net return of the system.

On the basis of 36 trials conducted at 12 locations
in Gorakhpur, Deoria and Kushinagar districts of
eastern Uttar Pradesh revealed that the highest rice
yield-equivalent of 12.73 t ha-1 year-1 was recorded
by rice-potato-blackgram which was significantly
higher over conventional rice-wheat cropping system,
showing an increase of 4.15 t ha-1 year-1 (Table 9).
However, the highest net return of Rs. 24045 ha-1 year-

1 was noted with rice-lentil-greengram followed by
rice-potato-blackgram (Rs 20670 ha-1 year-1) and these
systems gave higher returns than conventional rice-
wheat (Rs. 16200 ha-1 year-1).

Hybrid – NDRH
2
, Pant Sankar Dhan-1, Arize

6444, Arize 6201, PHB-71.

Seed rate : Inbred - 40-50 kg/ha.

Basmati – 30 kg/ha.

Hybrid – 15-20 kg/ha.

Sowing time : First fortnight of July.

Nursery raising : Prepare 100 raised beds of 10
m2 each. Mixed well rotted FYM @ 150 kg., 1 kg
Nitrogen, 0..6 kg Phosphorus and 0.4 kg Potash per
100 m2.Sow the seed in line 5 cm apart and 3-5 cm
deep. Cover the seeds with fine layer of soil and

Table 9. Comparative performance of various cropping systems in North-Eastern
plain zone of Uttar Pradesh

Cropping system Grain yield (t/ha) Rice yield Cost of Net ruturn Benefit Sequence
equivalent cultivation (t ha-1 cost stability

Kharif Rabi Zaid (t ha-1 (t ha-1 year-1) ratio index
year-1) year-1)

Rice-wheat 4.08 3.96 - 8.58 22410 16200 0.72 0.96

Rice-potato-blackgram 4.06 14.82 0.67 12.73 36615 20670 0.56 0.85

Rice-lentil-greengram 4.17 1.51 0.67 10.58 23565 24045 1.02 0.92

Source: Singh et al. (2004)

The benefit : cost ratio of 1.02 was higher with
rice-lentil-greengram against 0.72 of rice-wheat.
These cropping systems which were remunerative
have also been found quite sustainable as compared
to rice-wheat (SI=94 & 0.85).

Package of practices

Rice

Soil requirement : Medium to heavy soils.

Varieties : Inbred – NDR -359, Sarju-52, Pant
Dhan 10 (medium duration), Jal Lahri, Shambha
Mahsuri (long duration).

Basmati – Type-3, Kasturi, Tarawari basmati,
Basmati 370, Pusa basmati.

irrigate it up to 2-4 inches height. Again irrigate it up
to 5 days of germination. Keep the nursery free from
weeds either with hand weeding or by herbicide
application i.e. Butachlore 50 EC @ 1.5 kg a.i.ha-1

after the emergence of first leaf.

Land preparation : Plough the land and open it
for few days. Irrigate the field and puddle it to obtain
fine puddle and level it. Incorporate the basal dose of
fertilizer during puddling.

Fertilizer dose : Inbred - 150 kg  N, 60 kg
P

2
O

5
, 60 kg  K

2
O and 25 kg ZnSO

4
/ha.

Basmati -  80 kg N, 50 kg P
2
O

5
, 50 kg K

2
O and

25 kg ZnSO
4
/ha.

Hybrid - 150 kg N, 75 kg P
2
O

5
, 60 kg K

2
O and

25 kg ZnSO
4
/ha.
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Fertilizer application : Apply full dose of
phosphorus and potash and ½ dose of N at the time
of puddling and remaining dose of N be top dressed
in two equal splits i.e. at 30 DAT and panicle initiation
stages.

Transplanting : Transplant 20-25 days old 2-3
seedlings per hill in well puddled field at 3-5 cm
deep.Shallow transplanting ensure better establishment
of plants and tillering. About 45-50 hills m-2 should be
maintained for higher productivity.

Irrigation and water management : Maintain
5 cm water till 5 day after transplanting. Irrigate the
field by 5-7 cm of water, 2-3 days after the
disappearance of water and follow it upto maturity.
Stop irrigation 5 days before harvest, for uniform and
early ripening of the crop.

Weed control : Apply Butachlor 50 EC @ 1.5
to 2.0 kg a.i. ha-1 or Anilophos 30 EC @ 0.6 Kg ai /
ha after 3-5 DAT in standing 2-3 cm water. Water
should remain in the field for one week after
application of herbicide.

Plant protection

(i) Dusting of Malathian 5% or Lindane 1.3% @
20-25 kg/ha to control gandhibug.

(ii) Spraying of Monocrotophos 36 EC @ 1.25 lit/
ha + Copper-oxichloride 2.5 kg/ha to control
rice hopper.

(iii) Spraying of Forate 10 G @ 10 kg/ha or
Monocrotophos @ 1.25 lit./ha to control brown
plant hopper.

(iv) Seed treatment with Thiram @ 3 g/kg seed
before sowing for management of diseases.

Harvesting : Harvest the crop when grains
become golden colour in the panicles.

Yield : Inbred –40-50 q/ha

Basmati – 25-30 q/ha

Hybrid – 65-70 q/ha

Maize

Soil : Light to medium upland soils

Varieties : Prakash, Pusa hybrid maize-5,
Deccan 107, Pusa composit-2, Naveen, Kanchan

Seed rate : 18-20 kg/ha

Sowing time : 15-25 June

Land preparation : One ploughing followed by
2-3 harrowings and planking should be done to get fine
seed bed..

Fertilizer dose : 120 : 60 : 60 NPK kg/ha. Full
dose of P & K and ½ dose of N should be applied as
basal and remaining ½ dose of N should be top dressed
in two splits at knee high and tasselling stages.

Plant protection : For the control of stem borer
spray Endosulphon 35 EC @ 1.5 kg/ha at 15-20 days
after sowing or apply Carbofuron granule 3 G @ 25
kg/ha.

Inter culture and weed control : Two hand
weedings at 20 and 40 DAS should be done. Apply
Atrazine 50% WP @ 1.25 lit/ha as pre-emergence to
control weeds.

Yield :  40-45 q/ha

Pigeonpea

Soil requirement : Light to medium heavy soils.

Varieties : UPAS -120, Paras.

Seed rate : 12-15 kg/ha.

Sowing time : First to third week of June.

Spacing : 60 x 20 cm.

Land preparation : 2-3 ploughings /harrowing
followed by planking should be done to get fine seed
bed.

Fertilizer dose : 15 kg N, 45 kg P
2
O

5
 and  20

kg S/ha
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Fertilizer application : Full dose of all the
fertilizers should be applied in lines at the time of
sowing.

Interculture : Two hand weedings/hoeings at 3
and 6 weeks after sowing should be done. For the
control of grassy and broad leaved weeds,
Pendimehtalin 30 EC @ 3.3 lit/ha should be applied
after dilution in 700-800 lit of water as pre-emergence.

Irrigation : In general no irrigation is required but
if there is scaracity of moisture one irrigation should
be applied at pod filling.

Plant protection : Seed treatment with Thiram
+ Carbendazim (2:1) @ 3 g/kg seed. For the control
of podborer, Endosulphon 35 EC @ 1.5 lit/ha should
be sprayed after flowering. For the control of pod fly
spray Monorotophos 36 EC @ 1.25 lit/ha after
flowering.

Yield : 25-30 q/ha.

Wheat

Soil requirement : Light to medium and well
drained heavy soils.

Varieties : PBW -343, UP 2338, PBW-443,
HUW 234, UP 2382, K 88.

Seed rate : 100-125 kg/ha.

Sowing time : Second fortnight of November.

Land preparation : Prepare well pulverized soil
by 3-4 ploughing through cultivator followed by
planking.

Method of sowing : Sowing should be done in
lines, 18-23 cm apart

Fertilizer dose and application : 150 kg N, 60
kg P

2
O

5
 and 40 kg K

2
O ha-1. Full dose of P and K

and ½ dose of N should be applied at the time of
sowing and remaining ½ dose of N should be top
dressed in 2 splits at 30 DAS and at flowering stage.

Irrigation : To maintain proper moisture six
irrigations should be applied in light soils and four

irrigations in heavy soils at C.R.I. – (20-25 DAS),
Tillering stage – (40-45 DAS), Late Jointing stage –
(60-65 DAS), Flowering stage – (80-85 DAS), Milk
stage – (100-105 DAS), and Dough stage – (115-120
DAS).

Plant protection : For the control of termite and
gujia weevil use Chloropyriphos 20 EC  @ 2 lit/ha and
Carbofuron 3 G @ 25 kg/ha

Weed control : For effectives  weed control of
broad leaf weeds 2,4-D @ 625 gm/ha and for the
control of grassy weeds sulpho sulphuron  75 WG @
33 g ha-1  or Isoproturon 50 EC @ 1.5 kg/ha should
be applied after 30DAS.

Yield : 40 – 45 q/ha

Mustard

Soil : Light to heavy soils

Varieties : Kranti, NDR-8501, Rohani, Varuna.

Seed rate : 5-6 kg/ha.

Sowing time : 1st week to 3rd week of October.

Land prepration : First ploughing should be done
by cultivator followed by 2-3 ploughing by disc harrow.

Method of sowing : Seed should be sown in line
with a distance of 45 cm apart. Thinning should be
done to maintain 8-10 plants/ m length.

Fertilizer dose and its application : 120 kg N,
40 kg P

2
O

5
 , 40 kg K

2
O and 30 Kg S/ha. Full dose of

phosphorus , potash, sulphur and ½ dose of N be
applied at the time of sowing and remaining ½ dose
of N should  be applied after 1st irrigation.

Inter culture : Hand weedings should be done
before 1st and 2nd irrigation. Apply Pendimethalin 30
E.C. @ 3.3 lit/ha as pre emergence.

Irrigation : Two irrigations i.e. 30-35 and 55-65
days after sowing (DAS).

Plant protection : For the control of aphids,
spray Chloropyriphos 20 EC or Monocrotophos 36 EC
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@ 1.25 lit/ha after flowering. For the control of saw
fly apply Endosulphan 35 E.C. @ 1.25 lit/ha should
be sprayed.

Harvesting : When  pods become golden yellow
in colour, the crop should be harvested.

Yield : 20-25 q/ha.

Gram

Soil requirement : Medium to well drained
heavy soil

Varieties : Avrodhi, Radhey, Udai, Pusa-372

Seed rate : 75-80 kg/ha

Sowing time : First fortnight of November

Land preparation : 2-3 ploughings followed by
planking should be done.

Sowing : Seed should be drilled in lines 45 cm
apart at 6-8 cm depth

Fertilizer : 15 kg N, 60 kg P
2
O

5
 30 kg K

2
O and

30 Kg S /ha as basal dose.

Irrigation : Two irrigations applied at 45-60 days
after sowing and at grain filling stage.

Interculture : One hand weeding should be done
at 25-30 DAS or apply Pendimethalin 30 EC@ 3.3
lit/ha as pre emergence for weed control.

Plant protection : For the control of pod borer
Endosulphan 35 EC @ 1.5 lit/ha should be sprayed.

Yield : 20-25 q/ha.

Lentil

Soil requirement : Medium to heavy textured
soils

Varieties : NDL -1, Pant lentil -639, DPL-62

Seed rate : 60 kg/ha

Land preparation : One ploughing followed by
2-3 harrowing and planking should be done to get fine
seed bed.

Sowing time : 15 Oct. to 15 Nov.

Fertilizer : 20 kg N + 60 kg P
2
O

5
 + 30 kg K

2
O

+ 30 Kg S /ha as basal application.

Irrigation : One irrigation should apply before
flowering stage.

Plant protection : For the control of pod borer
Endosulphon 35 EC @ 1.25 lit/ha should be applied.

Yield : 20-25 q/ha

Potato

Soil requirement : Light to medium textured
soils

Varieties : Kufri Chandramukhi, Kufri Ashoka,
Kufri Badshah

Seed rate : 20-25 q/ha

Sowing time : First fortnight of October

Land preparation : 2-3 ploughing / harrowing
followed by planking should be done to get fine seed
bed.

Fertilizer dose : 150 : 60 : 90 NPK kg/ha

Fertilizer application : Half dose of N, full dose
of P and K should be applied at the time of sowing
and remaining dose of N is top dressed at earthing.

Sowing : The tuber should be placed at 15-20 cm
distance in lines 45 cm apart. Ridges of 8-10 cm height
should be made immediately to cover tubers.

Irrigation : The first irrigation should be applied
with in 3-4 days after sowing. Frequent light irrigations
may be  preferred which will need 6-8 irrigations.

Interculture : First hoeing should be done at 10-
15 DAP. The second hoeing be done when the crop
is 15-20 cm in height i.e. 35-40 DAP along with
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earthing up. Simazine 50% WP @ 500 g a.i./ha should
be applied as pre-emergence after the first irrigation.

Plant protection : To control the aphids apply
Monocrotophos 35 EC @ 1 lit/ha. To control the tuber
moth apply neem cake @ 10 q/ha. Spray Dithane M
45 @ 2 kg/ha to control the mosaic. To control the
late blight spray Copper-oxichloride @ 500 g/ha +
Demacrone 1.5 Kg/ha or give one prophylactic spray
at 30-40 DAS with Mancozeb (0.25%) or spray
0.25% Metalaxyl + Mancozeb at the appearance of
disease.

Harvesting : The crop should be harvested as
soon as foliage (halums) mature. After harvest, the
tubers should be surface dried  before storage.

Yield : 200-250 q/ha

Onion

Soil requirement : Light to medium soil

Varieties : Pusa red

Seed rate : 10 kg/ha

Sowing time : 15-25Dec. (Nursery)

Nursery raising : Prepare 15-25 cm raised bed
of 1 x 10 m with a distance of 70 cm between the
beds. Seeds are sown in line 4-5 cm apart and not
more than 1-2 cm deep. After sowing beds are
mulched with straw to prevent moisture and maintain
temperature. Light irrigation should be given as and
when required. After germination mulch material
should be removed.

Fertilizer dose : 120 kg N, 60 kg P
2
O

5
, 90 kg

K
2
O and 30 kg S/ha

Fertilizer application : Full dose of phosphorus,
potash and sulphur and ½ dose of nitrogen should be
applied before transplanting and remaining dose of
nitrogen is top dressed after one month of transplanting
i.e. before initiation of bulb.

Transplanting : Eight to nine weeks old seedlings
should be transplanted in line at a spacing of 15 x 7.5
cm.

Irrigation : One light irrigation should be provided
immediately after transplanting for proper
establishment of seedlings. Frequent irrigation should
be provided at 7-10 days interval. The most critical
stage of irrigation is bulb formation stage.

Plant protection : For the control of Jassids and
thrips apply Monocrotophos 36 SL @ 1 lit/ha. For the
control of onion maggot apply Imidachloprid 17.6 SL
@ 300 to 400 ml/ha. For the control of onion blight
spray Carbendazim (Bavistin) @ 2 kg/ha after
dissolving in  600 lit water/ha.

Interculture : Two hand weedings at 3 and 6
weeks after transplanting to control weeds and provide
aeration.

Harvesting : Crop is harvested when foliage of
onion became dry and fall. Bulbs may be stored in well
ventilated storage at low temperature  (20-250) and
dry atmosphere for 5-6 months.

Yield : 150-200 q/ha.

Black gram (Summer)

Soil requirement : Light to medium soils

Varieties : Narendra Urd-1, T-9, Pant U-19,
Azad Urd-2

Seed rate : 12-15 kg/ha

Sowing time : Second fortnight of April

Land preparation : Two to three harrowings
with cultivator followed by planking should be done
for seed bed preparation.

Sowing : Sowing should be done in lines 30 cm
apart.

Fertilizer : 15 kg N, 40 kg P
2
O

5
 and 20 kg

sulphur/ha should be applied as basal dose.

Plant protection : For the control of pod borer
Endosulphan 35 EC or Qunolphos 25 EC @ 1.25 lit/
ha should be sprayed. For the control of white fly
Diemethoate 30 EC @ 1.0 lit/ha should be sprayed.
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Interculture : 2-3 hand weeding should be done.
For the control of grassy and broad leaved weeds
fluchloralin 45 E.C. @ 2 lit/ha should be applied before
sowing.

Yield : 12-15 q/ha.

Green gram (Summer)

Soil requirement : Light to medium soils

Varieties : Narendra Moong-1, Pant moong-2,
PDM-11, Samrat

Seed rate : 15-20 kg/ha

Sowing time : Second fortnight of April.

Land preparation : Like black gram

Sowing : Sowing should be done in line with a
distance of 30 cm apart

Fertilizer : 15 kg N, 40 kg P
2
O

5
 and 20 kg

Sulphur/ha should be apply in lines at the time of
sowing

Interculture : 2 hand weedings at 20 and 40
DAS should be done. For the control of broad leaved
and grassy weeds fluchloralin 45 EC @ 2.2 lit/ha
should be applied as pre emergence.

Plant protection : For the control of pod borer
Endosulphan 35 EC or Qunolphos 25 EC @ 1.25 lit/
ha should be sprayed. For the control of white fly
Diemethoate 30 EC @ 1.0 lit/ha should be sprayed.

Yield : 12-15 q/ha.

Maize + Cowpea (summer green fodder)

Soil requirement : Light to heavy soils

Varieties : Cowpea - Rasian Joint, UPC 5286,
5287

Maize : Vijay, Type 41

Seed rate : 20 kg/ha cowpea and 15 kg/ha maize

Land preparation : First ploughing should be
done by soil turning plough followed by 2-3 ploughing
by cultivator and finally planking.

Sowing time : 15-25 April

Sowing : Sowing should be done in line with a
distance of 30 cm apart.

Fertilizer : 15-20 kg N and 50-60 kg P
2
O

5
/ha

should be applied at the time of sowing.

Irrigation : 3-4 irrigations should be given as per
need of the crop.

Yield : 250-300 q/ha green fodder
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* Contributed by J.S. Bohra, S.R. Singh and Kalyan Singh, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi-221 005

EASTERN PLAIN SUB-HUMID ZONE OF
UTTAR PRADESH*

Rice – Wheat is the predominant Cropping System
under Irrigated eco-system of Eastern Uttar Pradesh.
This system is being practiced since post green
revolution era with the availability of high yielding photo
insensitive varieties of rice and wheat. The reason for
the wide scale adoption of the system is compatibility
of the two crops with respect to their transplanting /
sowing times giving assured yield under normal weather
conditions and both are part of staple diet of the people
in this region.

Nevertheless, the continuous practice of the rice-
wheat system has led to degradation in soil health and
fertility as well as water supply and quality (Huke and
Huke, 1992). This has resulted in stagnation / decline
in system productivity. The reduction in soil fertility
and productivity is attributed to appearance of
secondary and micro nutrient deficiency as well as
deteriorating soil physical condition by long term use
of chemical fertilizers in imbalanced proportion giving
more emphasis to the use of nitrogenous fertilizers.
Established that cereal - cereal sequences are more
exhaustive and put heavy demand on soil resources as
compared to cereal – legume and cereal - oilseed
sequences. Kumar and Yadav (1993) also reported that
the continuous practice of the same system over the
years has adverse effect on soil condition.

It has been well documented that rice- wheat
cropping system can be diversified using grain/fodder

legume or Sesbania for green manuring during summer.
(Bhora et. al. 2007). The legumes in rotation are not
only responsible for biological nitrogen fixation, but also
improve nutrient availability and soil structure; reduce
disease resistance and promote mycorrhyzal
colonization (Wani et. al. 1995). Moreover, it has also
been observed that inclusion of third crop of legume
during summer season in rice - wheat sequence proved
better in enhancing the productivity of the sequence
(Soni and Kaur, 1984)

Production potential and yield gap

The average productivity of both rice and wheat
in Varanasi district is quite low as compared to
maximum yield achieved in on station trial conducted
at Banaras Hindu University (Table 1).

In general the performance of rice is poor as
compared to wheat in the region. The yield gap in rice
is estimated to 143.4 % and in wheat 57.6 % which is
attributed due to inefficient production technology
followed by the farmers that includes:

• Low yielding variety and poor seed
replacement rate

• Inadequate and imbalanced nutrient use

• Inefficient weed management

• Poor availability of irrigation water specially
to wheat.

Table 1. Production potential and yield gap of rice and wheat in Varanasi.

Average Yield* Maximum Yield** Yield gap

     (q ha-1) (q ha-1) Rice Wheat

Rice Wheat Rice Wheat (q ha-1) (%) (q ha-1) (%)

21.2 23.6 51.6 37.2 30.4 143.4 13.6 57.6

Source: * Fertilizer and Agricultural Statistics, Northern Region, FAI, New Delhi pp 53, 2006-07. Pooled data of 2003-04, 2004-05 and 2005-
06.
** Annual Report, AICRP on IFS, Varanasi centre, Pooled data of 2003 - 04, 2004 - 05, 2005 - 06 and 2006 - 07.
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Efficient alternative cropping systems

Three years pooled data of experiments conducted
at Banaras Hindu University during 2003-04 to 2005-
06 to find out the crop diversification options for rice-
wheat system revealed that there are better alternatives
to rice - wheat system (Table 2). Rice – potato - green
gram sequence has been found highly productive and
remunerative over other sequences. It recorded 130.9
% higher rice equivalent yield and Rs.48,565 higher
net returns than rice-wheat system. Similarly, rice -
mustard - green gram and rice - wheat - green gram
sequence though remained at par produced significantly
higher rice grain equivalent yield than rice-wheat
system and both proved highly remunerative.

The labour engagement / employment was also
maximum (421 man days ha-1) in rice-potato-green
gram sequence and it was closely followed by rice -
mustard - green gram (413) and rice - wheat - green
gram (367) sequences. All these alternative sequences
proved much better than rice - wheat system that could
engage only 248 man days ha-1.

Package of practices

The package of practices for crops involved in
rice-potato-green gram and rice-mustard-green gram
are discussed here.

Rice

The seedlings of rice variety NDR 359 is
transplanted at 25 to 28 days stage.

Land preparation : In rice - potato - green gram
sequence, land preparation for rice starts after the final
picking of green gram. The plant material left after the
3rd picking is turned into the soil with the help of disc
and allowed to decompose for about 12-15 days. Then
the soil is puddled and planking is done.

Transplanting : Timely transplanting of rice by
5th to 10th July is required to optimize the planting of
potato. Two seedlings hill -1 should be transplanted at
20 x 10 cm spacing.

Nutrient Management : A nutrient dose of 120
kg N + 60 kg P

2
O

5
 + 60 kg K

2
O ha-1 is applied. Half of

the nitrogen and full doses of phosphorus and potassium
is applied as basal. The remaining 60 kg nitrogen is
applied in two equal splits at tillering (30 days of
transplanting) and Panicle emergence stages. Urea,
DAP and MOP may be taken as the sources of N, P
and K, respectively. As far as possible, there should
not be any standing water in the field at the time of
urea top dressing. However, the field can be re- flooded
48 hours after the top dressing of nitrogen. This will
ensure the maximum fertilizer efficiency of the applied
urea.

Water Management : Transplanting is done on
5-10 cm standing water on puddled soil. This level of
water is up to initial 15 days which helps in controlling
the germinating broad leaved weeds maintained. As
far as possible, field is kept saturated throughout the
crop period and the crop should not be allowed to suffer
moisture stress at tillering, panicle initiation and grain
filling stages. If there is no rain during these stages,
irrigation is must.

Table 2. Production potential of different crop sequences (pooled data for 3 years)

Treatment Grain/seed/tuber/fodder yield Rice grain equivalent Net return Man days
(q ha-1) yield (q ha-1) (Rs ha-1) (ha-1 year-1)

Kharif Rabi Summer

Rice-wheat 46.7 37.1 - 99.3 32,645 248

Rice-wheat-green gram 51.4 39.2 9.5 146.5 50,560 367

Rice-mustard-green gram 51.0 18.4 12.3 160.5 56,970 413

Rice-potato-green gram 51.8 200.9 14.4 229.0 81,210 421

CD (P=0.05) 2.64 - - 16.2 - -
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Weed Management : Pre- emergence
application of butachlor @1.5 kg a.i. in 600 litres water
per hectare is done at 4 days after transplanting. The
efficiency of herbicide is better if only a thin film of
water is maintained at the time of spraying. This gives
effective control of annual grasses and broad leaved
weeds. Granules of Butachlor @ 50 kg ha-1 in standing
water (4-5 cm) can be applied to avoid spraying.

For effective weed management, herbicide
application is supplemented with one manual weeding
at 20 to 25 days after transplanting.

Insect –pests and disease control

Diseases : The common diseases in the area are
brown spot, bacterial leaf blight, sheath blight and false
smut for which the control measures are given below:

●●●●● Brown spot

1. Seed treatment with organomercurials such
as Agrosan G.N.or Thiram @ 2.5 g/ kg seed.

2. Disease is more severe in potassium deficient
soils, so adequate potassium must be applied.

3. Give three to four sprays with Zineb or Dithane
M- 45 @ 0.25 % at an interval of 10-12 days
just before the appearance of initial symptoms.

●●●●● Bacterial leaf blight

1. Use disease free certified seeds.

2. Drain standing water at some regular interval.

3. Three to four sprays of a mixture of 75 g
Agrimycin – 100 and 500 g Copper
Oxychloride e.g. Fytolon, Blitox – 50 etc. in
500 lit of water ha-1. The first spray is given
just at the start of the disease ant subsequent
sprays are given at an interval of 10-12 days.

●●●●● Sheath Blight : Carbendazim 1 kg dissolved in
800 litre water can be sprayed at 10 - 12 days
interval

●●●●● False Smut : Collect diseased grains and destroy
them as soon as possible. This will check the
secondary spread of the disease and will also help
in reducing the inoculum for next year.

●●●●● Khaira : Spray a mixture of 5 kg Zinc sulphate
and 2.5 kg lime in 1000 litre of water after 10 days
of sowing in nursery. The spraying can be repeated
at 20 days of seedlings in nursery as well as 15-20
days of transplanting.

Insect–pests : The control measures for common
insect pests are given below:

Stem borer : Apply 3% Furadan granules at the
rate 30-33 kg ha-1 or Thimet 10 % granules @ 10 kg
ha-1 in 3-4 cm standing water in the field. Granules are
applied at 20-25 days and again at 50-60 days after
transplanting.

Gundhi bug : Both nymph and adult cause
damage by sucking the plant sap and particularly the
milky juice of developing grains in early morning hours
or in the evening.

For its control dusting of malathion 5 % @ 20-25
kg ha-1 can be done.

Leaf Roller : If more than one damaged leaf is
seen in each hill, protect the crop by spraying EKalux
25 EC at the rate of 2 ml / lit water or Nuvacron 40
EC at the rate of 1 ml / lit. Water.

Harvesting : The crop can be harvested soon
after the physiological maturity. In rice variety NDR
359, this stage comes at 130 days from the date of
nursery sowing. Therefore, 5th July transplanted crop
can be harvested around 15th October.

Potato

Variety : Kufri Badshah

Field Preparation : The desired seed bed can be
prepared by giving one discing, two harrowings and
followed by planking. At the time of field preparation
the soil should be at proper tilth.
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Time of Planting : End of October or early
November.

Seed Rate: 20–25 q ha-1. The tuber size of 30-50
g is preferred.

Planting Method : Tubers are planted in rows
50 cm apart and seed to seed distance is kept at 15 -
20 cm . Ridges of about 15 cm height are made just
after the planting. When the plants attain 12 - 15 cm
height, earthing is done to make the ridges thick.

Nutrients management : To achieve good tuber
yield, 120 kg N + 60 kg P

2
O

5
 + 80 kg K

2
O ha-1 is

applied. Half of the recommended N and full amounts
of P and K are applied as basal. The rest half N is top
dressed at the time of earthing. If organic manure like
FYM or compost is available, 25 % of the nutrient
requirement can be met through them.

Water management : Potato requires frequent
but shallow irrigation. Over flooding must be avoided
and in no case the water should reach more than 2/3rd
height of the ridges. In medium type of soils like
Varanasi three to four irrigation may be given.

Earthing : Proper development of tubers depends
upon aeration, moisture availability and proper soil
temperature. Therefore, timely earthing up is
necessary. This is done at the stage when plants attain
15-20 cm height. Generally, earthing up is done at the
time of top dressing of nitrogenous fertilizer (Urea). If
necessary, second earthing up may be done after two
weeks of the first.

Weed management : Weeds can be controlled
effectively by manual weeding at the time of earthing
up. If required second weeding can be done after 20-
25 days of the first.

Diseases : Late blight and early blight are the
common diseases in the area for which the control
measures are given below:

Both late and early blights can be controlled by
spraying Dithane M-45 or Dithane 2-78 @ 2.5 kg /
800 lit water / ha. Depending upon the infestation,
spraying should be repeated at 10-12 days interval.

Insect–Pests : There is no serious insect pest of
potato in this area.

Harvesting : Harvesting is done when haulms
start yellowing and start falling on the ground. At this
stage, haulms are removed at ground level. The crop
is harvested 10- 15 days after cutting the haulms.
Digging is done with spadel. There should be optimum
moisture in soil at the time of harvesting. In rice - potato
- green gram sequence, potato is harvested in the first
week of March.

Green gram

Variety : Jyoti / HUM 16

Land Preparation : Presown irrigation is given
after the harvest of potato. At proper tilth, desired seed
bed is prepared with one discing, harrowing and
planking.

Time of sowing : 15 - 20 March is the optimum
time of sowing.

Spacing and seed rate : A seed rate of 18- 20 kg
ha-1 is optimum during summer. Sowing is done on rows
30 cm apart. It is desirable to treat the seeds with
Rhizobium culture before sowing.

Nutrient management : Apply 15 kg N, 40 kg
P

2
O

5
, 25 kg K

2
O and 3 kg S ha-1 as basal application.

Part of the sulphur applied to green gram, can be
utilized by succeeding crops i.e rice and potato.

Weed management : Weeds in the inter row
spaces can be controlled by hand rotary weeder at 20
- 25 days after sowing and the weeds falling on rows
can be removed manually. Pedimethalin 30 EC @ 3.3
lit. ha-1 dissolved in 700-800 lit water is also effective
when sprayed within two days or preferably within
one day of sowing.

Insect–pest and diseases : During summer,
green gram is generally not attacked by any serious
insect- pest. However, yellow mosaic virus can attack
the crop. There is no control measure available against
the virus. However, the vector transmitting the disease
i.e. white fly can be controlled by spraying Metasystox
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25 EC @ 1 lit/ha.The amount of water required for
spraying is 700-800 litre ha -1.

Harvesting : As flowering as well as maturity of
pods is not synchronized, at least three pickings are
done at a week interval.

Mustard

In rice – mustard- green gram sequence, the
cultural practices for rice and green gram are the same
as discussed for rice-potato-green gram sequence.
Therefore, the package of practices for mustard is
being discussed hereunder.

Variety : Mustard variety PRO 4001 has been
found to performed well in this sequence. Under normal
conditions and proper management a seed yield of 18
- 20 q ha-1 can be achieved.

Land preparation : One ploughing by soil turning
plough followed by two harrowings and planking are
done to obtain the desired seed bed for mustard sowing.
If the soil moisture is not sufficient, land preparation
starts after presown irrigation.

Sowing time : It depends upon the cultivation of
rice in the previous season. So, timely transplanting
and the harvesting of rice is very important for timely
sowing of mustard in rice- mustard - green gram
sequence. However, with proper care and NDR- 359
as rice variety, sowing of mustard is possible by end of
October or early November.

Seed treatment : To protect the crop from seed
borne diseases, seed treatment with thiram @ 2.5 g
kg-1 seed is done.

Seed rate and spacing : The seeds of PRO 4001
are bold. A seed rate of 5-6 kg ha-1 is sufficient. Row
to row distance is kept at 40 to 45 cm and after 15 - 18
days of sowing plant to plant distance on rows is
maintained at 15 cm. The seeds are sown at a depth
of 4 - 5 cm.

Nutrient management : Application of 120 kg
N+60 kg P

2
O

5
 + 60 kg K

2
O + 30 kg S ha-1 is

recommended. For proper oxidation, entire amount of

sulphur in the form of elemental sulphur or gypsum is
applied with the first ploughing. Full quantity of
phosphorus and potash and half of the nitrogen is
applied as basal dose in furrows avoiding the direct
contact with seeds. The rest half of the nitrogen is top
dressed as urea at one month stage.

Weed management : Pendimethalin 30 EC @
3.3 Lit ha-1 dissolved in 800 litre water is applied within
two days of sowing. This minimizes the weed infestation
to a good extent. At 25 days after sowing, if required
hand rotary weeder may be operated within the inter
row spaces and the weeds falling on rows can be
removed manually.

Water Management : Mustard is sensitive to
moisture stress at flowering and seed filling stages. To
obtain high yield at least two irrigations are required,
one at 30 – 35 days after sowing and another 55 - 60
days of the first irrigation. However, if rain is received
at any of these stages, irrigation can be avoided.

Insect pests and disease management

Insect pests : The common insect pests in the area
are mustard saw fly, Bihar hairy caterpillar and mustard
aphid for which the control measures are given below:

Mustard saw fly and Bihar hairy caterpillar :
Endosulphan 4% dust @ 20 to 25 kg ha-1 can be used
or Endosulphan 35 EC @ 1 .25 litre ha-1 dissolved in
700 litre water can is sprayed to control the caterpillar.
However, after one month of crop growth, these insect
– pests are not serious.

Aphid : Endosulpan 35 EC 1.25 litre, Dimethqate
30 EC 1 litre or Chloropyriphos 25 EC 1 litre per
hectare dissolved in 700 litre water can be sprayed.
Depending upon the infestation, 2 to 3 sprayings can
be done at an interval of 15- 20 days.

Diseases

Alternaria blight : This is the most common
disease of mustard and so far not even single resistant
variety has been developed. However, to suppress the
disease, prophylactic measures can be adopted. This
includes:
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• Timely sowing of crop by 20th October.

• Seed treatment with thiram @ 2.5 g / kg seed.

• 25 q FYM incubated with 5 kg Trichoderma
can be applied in one hectare.

• With the appearance of disease symptoms on
leaves, Dithan MS @ 2.5 kg / ha dissolved in
700 litre of water can be sprayed. Two to three
sprayings may be required at an interval of 15
days.

Harvesting : Crop is harvested when 80% of the
siliquae turn yellow. Harvesting is done with the help
of sickle, stacked and taken to the threshing floor for
sun drying and threshing. Insect pests and disease
management.

Contingency planning

Under aberrant weather and abnormal conditions,
some contingent planning is required to make the
system yield sustainable.

Excessive rainfall

Rice: Excessive rain, generally does not cause problem
to the rice. However, at the time of top dressing of
urea at tillering and panicle initiation stages, if excess
water is there in the field, it should be drained out.

Potato: If heavy rainfall takes place during crop
growth, the excess water should be drained out as early
as possible. However, if the excess rainfall occurs near
maturity, the crop can be harvested to avoid the rotting
of tubers.

Green gram and mustard: Standing water in the field
due to excessive rainfall, needs to be drained out.

Disease epidemics

In Potato, late blight and early blight cause
concern. Therefore, spraying should be done with
dithane M 45 or Dithane Z-78 @ 2.5 kg/ha/800 lit of
water. Spraying may be repeated at an internal of 10
to 12 days. Sometimes, due to severe disease
infestation, decaying of tubers starts. Under such

conditions, the tubers can be harvested for immediate
selling in the market.

In mustrad,  alternaria leaf blight is the common
disease causing loss to the common mustard yield every
year. Sometimes with early rise of temperature in
Feburary the problem gets intensified. Therefore, it is
always better to adopt profilactic measures spraying
Dithane M-45 @ 0.25. In care of severe infestation
two to three sprayings may be required at an interval
of 12-15 days.

Aphid infestation in mustard is a common
phenomena but in certain years it becomes more
intense. Under such condition, repeated spray of
systemic herbicicle viz. Rogor 0.8 lit ha-1, or
Monochrotophos 0.6 lit / ha dissolved in 700 lit water
is required. A gap of 15 to 20 days can be maintained
between two sprays and it has been found better to
change the insecticicle with each spray.

Heat Wave

Heat wave can affect green gram in both the
sequences viz. rice-potato-green gram and rice-
mustard-green gram. Its effect can be minimized by
frequent irrigation and hoeing of the top soil to check
the evaporational loss of water.

Less availability of surface irrigation

Rice: Light irrigation may be given to avoid cracking
particularly at critical stages viz. tillering and panicle
initiation. If possible, sprinkler system can be used to
economize the water use.

Potato: Light irrigation and the use of sprinkler is
recommended. In case of acute shortage of irrigation
water at pre maturity stage, advance harvesting and
marketing of the produce is suggested.

Mustard : If the irrigation water is in short supply and
is sufficient for only one irrigation, it can be applied at
seed filling stage i.e. 85 - 90 days after sowing.

Green gram: Crop can be irrigated at critical stages
and after each irrigation hoeing is recommended to
minimize the evaporational loss of water.
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Deficiency of nutrients

Rice-potato-green gram sequence if practiced in
Varanasi region with recommended levels of NP, K
and S, the deficiency of any other nutrient element is
generally does not occur. However, the rice may show
zinc deficiency symptoms when it is not sprayed in the
nursery. Zinc deficiency in rice can be corrected by
spraying zinc sulphate mixed with lime as suggested
earlier.

Non-availability of fertilizers

In this situation, to sustain the productivity of crops
following measures are suggested:

• Seed inoculation of green gram with Rhizobium
culture.

• Green gram in the sequence must be turned
into the soil for green manuring just after the
second picking.

• Use of organic manure inoculated with
Trichoderma in rice and potato.

• Rice straw and potato haulms can be used for
compost making preferably by NADEP
method if little cattle dung is available in the
farm. The good quality compost so prepared

can be used to sustain the productivity of the
system.
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AGRO-CLIMATIC ZONES OF BIHAR*

Rice-Wheat is the most dominant cropping system
in the alluvial plains of Bihar, contributing about 82 %
to the total food production of the state. Out of total
cultivable area of Bihar, about 65.5 per cent area is
covered with rice during rainy season. The uplands
which are only 10.6 per cent of the rice area and mid
lands consisting about 30% rice area are generally
followed by wheat during winter season. The
remaining 59.4% of rice area are under low lands and
deep water. Deep water areas are less than 15% of
total rice area. In low lands, either long duration photo
insensitive varieties or tall indica photo sensitive

varieties are grown, which are harvested from
November end to mid December. If irrigation is
available, these areas are also covered with wheat
during winter season. However, these areas are hardly
15-20% of the total rice area. The rest of the rainfed
areas, which are about 30-35% of the total rice area,
are either covered with paira pulses during winter
season or remains fallow.

Thus, there are two predominant cropping systems
in Bihar. The first one is rice-wheat and the second
one is rice followed by pulses or even oilseeds in few
areas . Taking rice during rainy season is not obligatory,
but it is mandatory because under mid low and low
land situations, no other crops can be grown during

* * * * *
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rainy season. Even under upland situations, at many
places, hard pan has got formed due to faulty tillage
practices, where water logged situation are invariably
created restricting maize cultivation, which needs fairly
well drained soil. During winter season, wheat is the
first choice because it has high productivity, stability
and less risk and also it does not face any serious
disease and pest problems. Hardly 3 irrigations are
needed in wheat, which can be further reduced to two
if winter rains takes place in proper time. Thus, rice-
wheat cropping system is a natural choice.

Even in mid low lands and low lands if irrigation
is available, farmers prefer wheat. Though late sown
wheat is subjected to westerly winds during its
flowering and grain filling periods, even then the
farmers take wheat for their own convenience. Under
mid low land and low lands, the void of irrigation
facility, no crop is possible after harvest of rice.
Hence, the land remains fallow.

Under upland situations, land can be covered with
potato, winter maize, rape & mustard or berseem after
rice as alternatives. After winter crop, a summer crop
can also be taken. In medium land, rice – wheat can
be followed by maize, urd bean / mung bean during
summer season. In mid low land and low lands where
irrigation facilities is there, late winter maize or onion
and sunflower are much better alternative than wheat.

In deep water condition, where irrigation is
available, farmers can take up a boro rice crop, for
which seed is sown in October-November and
transplanting is done in February. Here a number of
other summer crops can also be taken. If irrigation is
not available, millet crops like cheena ragi, sawan etc.
can be taken in pre-kharif period, before onset of
heavy rains.

Production potential & yield gaps

 Productivity of principal crops is one of the
indicators of agricultural development. In Bihar,
productivity of all principal crops increased but the
increase has been less than the corresponding
increase achieved at national level. Presently,
productivity of maize is higher (23.89 q/ha) than the
national average (19.09 q/ha), it is mainly due to higher
productivity of winter maize in Bihar. It is worth
pointing out that productivity and relative yield index
of Pigeon pea and other pulses are higher than national
average. It shows the possibilities of growing pulses
in the state. A comparison of average yield of principal
crops with their maximum yield achieved in experiment
revealed a wide gap, indicating an opportunity to
increase the yield of all the crops in Bihar (Table 1).
The productivity of rice and wheat is not at all
encouraging when compared with average yields of
India, even when soil conditions are favourable and

Table 1. Production potential and yield gaps (q/ha) of important crops in Bihar

Crops Average Maximum yield Yield National Relative Relative
yield of 5 harvested on research gaps average yield spread

years (q/ha) farm (q/ha) (q/ha) (q/ha) index index

Rice 13.50 52.00 38.50 19.93 67.7 204.0

Wheat 17.90 45.00 27.10 26.64 67.3 200.5

Maize 23.80 50.50 26.70 19.09 125.0 199.1

Gram 9.50 19.50 10.00 8.25 114.8 23.3

Pigeon pea 12.10 18.30 6.20 7.51 161.3 26.8

Lentil 8.50 17.50 9.00 6.43 128.8 22.4

Total pulses 7.86 - - 6.49 121.1 76.6

Rapeseed & 8.10 17.50 9.40 8.71 92.9 19.8
mustard

Ground nut 7.50 14.50 7.00 10.45 58.5 5.2

Total oilseeds 8.46 - - 9.11 92.8 13.4

Sugarcane 412.1 830.0 417.9 642.7 64.1 61.6

Potato 98.7 276.0 177.3 146 67.2 30.9
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irrigation or adequate rainfall is available. The yield
potential of principal crops have not yet been realized
in Bihar. Although yields of many crops in Bihar have
increased, but this has occurred at a less than desired
pace and large bridgeable yield gaps exist to maintain
food security in coming years. It is interesting to
mention that increasing yield of rice and wheat up to
national average and the yields obtained on research
farm in Bihar can increase grain production by 4.13
and 19.3 million tones, respectively annually.

The differences in yield gaps are due to many
factors. These include differences in varieties, the soil,
delayed transplanting / sowing, poor water and plant
protection measures. The average yields of these
crops are often low due to negligence of these factors.
In addition, many farmers may not have access to
adequate and timely resources to make full use of the
production potentials made available by research. The
including nutrient supply should be to enable farmers
to come as close as possible to on-station yields.
Relative spread index of rice, wheat and maize crops
was more than 100, it shows that these crops are
widely grown in the state. The dominant cropping
systems identified in Bihar are Rice - Wheat and Rice
- Gram/Lentil.

Efficient alternative cropping systems

Rice-wheat-green gram, rice-wheat-maize and
rice-potato-onion were found efficient alternative
systems in Bihar (Table 2). The rice-potato-onion
system was found to be more productive (289.9 q/ha
as rice-equivalent yield) and remunerative (Rs.83, 650/
ha as net return), when compared with other cropping
systems. Inclusion of green gram and maize in rice-
wheat system during summer season increased the

rice-equivalent yield by 37.7 and 47.5 q/ha and net
return by Rs.12,221 and Rs.11,057/ha, respectively
over existing rice-wheat system. The rice-wheat-green
gram system gave average productivity of 40.4 kg/day/
ha in terms of rice-equivalent with system profitability
of Rs.151.4/day/ha, while rice-potato-onion gave
system productivity and 79.4 kg/day/ha and system
profitability of Rs.229.2/day/ha.

Package of practices

The package of practices for growing the crops
as involved in the efficient alternative cropping systems
are summerized in table 3.

Contingency planning

(A) Excessive rain and flood situation

1. Due to excessive rain, if flood like situation
in rice field arises and if a plot is partially
damaged (up to 50%) and if crop may be
salvaged, “Kharuhan” (colonial) method of
transplanting should be advocated after the
recede of flood water before its panicle
initiation. The remaining live plants uprooted
from a hill may be teared upto transplant at 2
or more spots in the blank space.

2. Besides “Kharuhan” transplanting, direct
seeding of short duration varieties like
Richariya, Turanta, Prabhat, Dhanlaxmi,
Saket-4, Pusa-2-21 should be done. In this
situation, seed rate should be kept 80 kg/ha.

3. However, farmers who are interested and
confined to transplant the photo sensitive

Table 2. Productivity and profitability of selected cropping system

Cropping systems Rice-equivalent System Net return System
yield (q/ha) producitivity (Rs./ha) Profitability

(kg/ha/day) (Rs/ha/day)

Rice- Wheat 109.8 30.1 43,044 117.9

Rice-Wheat- Green gram 147.5 40.4 55,265 151.4

Rice-Wheat - Maize 157.3 43.2 54,101 148.2

Rice-Potato-Onion 289.9 79.4 83,650 229.2
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varieties like Sugandha, Kamini, Sudha or
other local varieties, are adviced to complete
the transplanting work within last week of
August or first week of September. In that
case, the rice seedlings may be developed on
the polythene bags or banana leaves by
adopting “Dapog” method within 12-15 days.

4. If flood situation arises before transplanting,
the transplanting of old rice seedlings should
be done after recede of flood with some care
like more (4-6) seedling per hill as well as
reducing spacing (10 cm x 10 cm) following
top dressing of urea @ 40 kg N/ha and proper
monitoring of insect-pest diseases.

5. If rice plots are damaged completely due to
excessive rain or floods, in late situation after
panicle initiation stage, it is better to keep the
fields fallow to sow the rabi crops in normal
time.

Depending upon soil type, crop preference to
be given is here under-

(a) In medium textured soil, an early potato
or toria or sweet potato crop may be
taken followed by a wheat crop.

(b) In heavy textured soil, it would be better
to take a normal season wheat or winter
maize crop instead of taking a catch
crop.

6. In rice – wheat system under low land
condition, excessive soil moisture delayed the
sowing of wheat. Under this situation
immediately after harvest of rice sowing of
wheat should be done by zero tillage machines,
which is very ideal to save the tillage cost
besides saving of time.

7. In excessive soil moisture condition,
broadcasting or surface seeding of mustard,
lentil, gram and wheat as well as dibbling of
maize seed can be undertaken during rabi
season.

8. Due to excessive rain or by spread of flood
water in uplands, crops like maize/ pigeon pea
are if damaged or could not be sown, under
such situation Urd (Black gram) may be
cultivated after recede of flood, after that
wheat or winter maize or sunflower may be
sown by the end of December or early
January.

(B) Less availability of surface irrigation

1. Under rainfed condition if monsoon rain
arrives late, direct seeding of germinated
seeds of rice with early maturing varieties
should be preferred. In low land situations,
photo sensitive varieties may also be seeded.

2. Proper rationing of irrigation water, whatever
available under stress situation, has to be done
at most critical stages.

3. To keep the rice soil saturated under water
stress condition, the plots of rice must be
irrigated before start of hair line cracking in
soil; irrigation is preferred in the evening.

4. In rainfed low land rice fields, if drought spell
prolonged and after a prolonged drought period
if it rains again, efforts will be made to go for
one interculturing operation to loosen the
rhizosphere and to make it favourable for
more uptake of nutrients.

5. If drought spell coincide with the transplanting
of rice seedlings in rainfed situation, it would
be better to wait for rain to occur and only
after that the work of transplanting should be
initiated with proper agro-management like
close spacing (10 cm x 10 cm) and more
number of seedlings per hill (4-6 seedlings).

6. Proper attention must be given in drought
prone areas in applying fertilizers which should
be undertaken immediately at proper moisture
level and at its critical stages.

7. If drought is severe in rainfed low land rice
condition and monsoon arrives too late, it
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would be better to go for a rabi crop instead
of trying to raise additional kharif crop.
However, if time permits a forage crop like
jowar/ urd or jowar + rice bean or maize +
urd/ rice bean may be taken before rabi crop.

8. In rainfed medium land, if monsoon breaks
late, maize, september sown pigeon pea or
black gram will be taken after rain instead of
taking rice.

Constraints hindering crop production

1. Lack of technique know how & poor
infrastructure of agriculture.

2. Delayed sowing of crops and no practice of
line sowing.

3. Complex land situations (low land with
standing water under rice), which makes
agricultural management difficult.

4. Sub-optimal use of agricultural inputs like
fertilizers, herbicides and insecticides,
fungicides etc.

5. Lack of mechanizations which makes the
production systems cost intensive.

6. Wide spread deficiency of plant nutrients
especially micro-nutrients (Zn) and Sulphur
(S).

7. Scattered, fragmentation and small land
holdings due to lack of consolidation restricts
even small scale mechanization.

8. Lack of availability of proper marketing
systems and cold storage facilities for crops
like potato, onion etc. in rural areas.

9. Non-availability of high yielding improved
varieties for appropriate condition.

10. Non-availability of power thereby use of only
diesel pumps for irrigation raising cost of
production and reducing profitability level.

11. Lack of agro-processing units and industries
and proper communication facilities.

* * * * *
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ZONE 6. LOWER GANGETIC PLAINS
This zone represents total geographical area of 6.9 million hectares mainly in West Bengal

(67.8%). The zone is further sub-divided into 4 sub-zones viz. barind plains, central alluvial
plain, alluvial coastal saline plains and Rarh plains. The climate of these zones experience moist
–sub-humid to dry sub-humid with average rainfall varies from 1300 to 2000 mm. Two cropping
systems research centres (on-station and on-farm) are located at BCKV, Kalyani. The efficient
alternative cropping systems as identified and packages of practices developed for selected
crops are highlighted here with reference to following zone of West Bengal.

●     New alluvial zone (NAZ) of West Bengal.

* Contributed by Mahadev Pramanick, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, Nadia, West Bengal, 741235

NEW ALLUVIAL ZONE OF WEST BENGAL*

In the state of West Bengal, winter paddy-summer
paddy is the most predominant sequence of cropping.
This sequence provides food for the mouth of family
members of a farmer round the year especially of
small, marginal and medium size group of farmers
which contributed more than 90% of farm family of
the state. The every parts of the rice plant is essential
for sustenance of livelihood of farm family is rural
Bengal.

The acarage under rice-rice sequence has been
increasing in every decade. It was 6.58% of net sown
area during 1980-81 and now it became 24.05% which
indicate its enormous rate of increment over last two
and half decades. But summer paddy due to its high

water requirement, draw down of water table is
occurring in every years during summer season. In
some parts of West Bengal, this problem bring another
serious phenomena of arsenic pollution, Hence, it is
now essential to solve this problem either by adopting
suitable low water budgeting alternative cropping
sequence in place of rice-rice system or rice
cultivation with the help of optimized resource
conservation techniques especially of water, energy
etc.

Production potential and yield gaps

In the new alluvial zone of west Bengal, all the
crops showed enormous scope of enhancement of
productivity in the farmers’ field by suitable
management practices (table 1). Among the major
crops, potato and summer paddy are the two crops

Table 1. Yield gap analysis of major crops in NAZ.

Crop Potential Average Yield Reference
yield yield (t/ha) gap

(t/ha/year) of the NAZ (t/ha)

A. Kharif Season
(i) Winter paddy 4.30 3.57 0.729 Economic review (2007-08)

B. Rabi Season
(i) Mustard 1.21 0.87 0.338 Bureau of applied Economics

(ii) Potato 28.76 21.57 7.19 Statistics, Govt. of West Bengal

C. Summer Season
(i) Summer Paddy 6.85 4.91 1.94

(ii) Jute 3.07 2.72 0.348

(iii) Sesame 1.29 0.89 0.40
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having chance of increment of productivity.  However,
due to draw down of water table problem, it is not
right decision to encourage summer paddy cultivation
but potato along with jute should be encouraged for
achieving highest yield in farmers’ field.

Among the major crops in the new alluvial zones
of West Bengal, winter paddy cultivation extended to
28.72% but due to draw down of water table,
cultivation of summer paddy reduced to 6.56% which
was replaced by rapeseed, mustard and potato (Table
2). Moreover, between potato and mustard, the spread
of mustard was maximum (19.17%) and potato crop
suffer by the infestation of late blight disease during
some years like 2006-07 and 2008-09, causing yield
loss to a great extent.

Table 3. Characteristic features of NAZ

Sl. Parameters Unit /
No. feature

(i) Total geographical 1387.17
area (-’000 ha)

(ii) Net cropped area 1035.03
(-’000 ha)

(iii) Net cropped area over 74.61
total area (%)

(iv) Farming Situation

(a) High (%) 13.65

(b) Medium (%) 58.09

(c) Low (%) 19.93

(d) Drought prone (%) 7.88

(e) Flood prone (%) 20.16

(f) Saline (%) 1.28

(v) Soil Characters

(a) Soil type Deep soil, most fertile, pH
6.5-7.0

(b) Groundwater condition Plenty, 30-150 m
    with depth

(c) Water availability Shallow light tube well
within 60 m to heavy duty
tube well

(vi) Present cropping sequences

I. Rainfed

   (a) High Aus paddy – black gram/
jute-toria

   (b) Medium Jute-aman paddy/sesame,
Greengram -aman paddy-
mustard

   (c) Low Aman paddy-fallow, Aman
paddy-lathyrus/lentil
(paira)

II Irrigated

   (a) High Aman paddy-mustard-
vegetable, jute-aman paddy-
vegetable

   (b) Medium Aman paddy-mustard-boro
paddy, Aman paddy-
mustard-vegetable

   (c) Low Aman paddy-boro paddy

Efficient alternative cropping systems

The new alluvial zone of West Bengal is
agriculturally important. The characteristic features of
new Alluvial zone of West Bengal depicted (table 3)
as 58.09% under medium land, 19.93% under low land
and 13.65% under high land category. The farming
community socio-economically are resource poor.
Hence, efficient utilization of available resources
through adoption of alternative cropping systems
together with suitable package of practices towards
enhancement of productivity may be achieved.

Rice – potato – jute and rice – rice – cowpea
fodder are two cropping systems emerged as viable

Table 2. Spread of principle crops in NAZ of West
Bengal.

Crop Area (×1000 ha) Spread

1999 2003-04 (%)

Winter Paddy 566.8 729.6 (+) 28.72

Summer Paddy 458.3 428.2 (-) 6.56

Rapeseed and 164.55 196.1 (+) 19.17
Mustard

Jute 359.96 374.1 (+) 4.02

Potato 93.75 108.0 (+) 15.2
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alternative to rice – rice system in respect of system
rice equivalent (table 4). These two systems provide
not only good return to farmers but also maintain the
soil in a healthy status for their future generations.
Rice – potato – jute sequence supply nutrients to rice
through jute leaf falls and also solve the fuel need of
farm family with jute sticks. Rice –rice – cowpea
sequence also added atmosphere nitrogen to the soil,
enrich the soil with phosphorus and supply green
fodder to domestic animals. Hence, these two
sequences are rightly alternative to support livelihood
of farmers having small farm holding.

optimum. Water soaked seeds
should be treated with
carbendazim @ 1 g/liter water
solution and 1.5 litre solution
is sufficient for 1 kg of seed.

(iii) Top dressing - Nitrogenous fertilizer @ 5 kg/
of fertilizer 1000 m2

 
will be

 
top dressed 8-

10 days prior to uprooting of
seedling.

(iv) Uprooting of - Generally, 18-30 days old
seedling seedling for winter paddy and

30-40 days old seedling for
summer paddy depending on
duration of variety, are
uprooted by hand pulling,
keeping 5-10 cm water depth
in the seedbed.

(v) Plant protection - Furadan 3G @ 1.5 kg or
measure Forate 10G @ 1.0 kg should

be applied in seed bed 8-10
days before uprooting with
maintaining 5 cm water for 7
days.

(b) Main field

(i) Tillage - Dry ploughing with country
plough followed by 2-3 disc
ploughing and laddering is to
be done 1.0 months before
transplanting. Dhaincha seed
@ 25 kg/ha is to be sown and
after one month Dhaincha
plant is to be incorporated in
irrigation water. Finally,
puddling is done with 2
ploughings.

(ii) Manuring - FYM is to be applied @ 5 t/
ha during first ploughing

(iii) Fertilizer - Fertilizer should be applied
application based on soil test result.

N:P
2
O

5
:K

2
O are to be applied

@ 80:40:40 kg/ha for low, @

Table 4. Alternative cropping systems over predominant
system in NAZ

Farming Cropping System rice
Situation Systems equivalent

yield (t/ha)

High and medium land Rice-potato-jute 25.38

Low land Rice-rice-cowpea 17.62
(fodder)

Predominant in low Rice-rice 12.01
land and/medium land

Package of practices for Rice Potato-Jute
sequence

A. Rice

Operation Details

Nursery bed

(i) Tillage - Puddling of field by 3-4
ploughings in irrigated water
FYM @ 3t/1000m2 along with
5:5:5 kg/1000m2 N:P

2
O

5
:K

2
O

incorporation during last
ploughing followed by
laddering. Seedling from 1000
m2 area is sufficient for
transplanting one hectare

(ii) Sowing of - Water soaked seeds are to be
Seeds sown @50g/m2 area. For SRI

nursery 10-15 g seeds/m2 is
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60:30:30 kg/ha for medium and
@ 50:25:25 kg/ha for high
fertility soil in winter paddy. 1/
4th N, full dose of P and K
applied as basal.

(iv) Transplanting - 2-3 seedlings are to be
transplanted in each hill
keeping a thin water layer.

In SRI method, one seedling/
hill is to be transplanted.

(v) Top dressing - ½ of N should be applied as
firtst top dressing at 21 DAT
and rest ¼ of N is to be
applied at 42 DAT.

In SRI method ¾ N should be
applied into three splits as top
dressing i.e., 15 DAT, 30-35
DAT, 45-50 DAT.

(vi) Inter-culture - Weeding is to be done at 21
operation DAT and 42 DAT by

manually or pre emergence
application of Pretilachlor
30.7% EC @ 400 g/ha at 1-2
DAT followed by post
emergence application of
Butachlor 50 EC @ 1250 g/
ha or Pyrazosulfuron ethyl 10
WP @ 30 g/ha at 21 DAT.

(vii) Irrigation - Irrigate the field 3 days after
disappearance of ponded
water with 5 cm water each
while in SRI, it is 2 cm at hair
like crack stage.

(viii) Plant Protection- Infestation of sheath blight
measure and blast can be controlled by

application of Hexokenazole
or Hinosan @ 1 ml/litre of
water solution. Brown plant
hopper attack can also be
controlled by spraying
Dimethoate or metasystox @
1 ml. litre of water solution

and during spraying the spray
nozzle must be directed
towards the base of the tillers.

Potato

(i) Land - After harvesting rice, the field
preparation should be ploughed 2-3 times

by country plough or disc
plough. Irrigation is to be
applied to have proper tilth
with optimum soil moisture.
Then again 4-5 times
ploughings should be given to
make loose and friable soil.

(ii) Manure - Application of FYM @ 10 t/
application ha or vermicompost @ 5 t/ha

should be made during
primary tillage. Due to paucity
of FYM or vermicompost,
practice of blackgram green
manuring may be made as a
paira crop, sown 15 days
before harvesting of rice crop
and incorporated to the soil 15
days after harvest of rice.

(iii) Fertilizer - The dose of N:P
2
O

5
:K

2
O

application should be selected based on
the fertility of soil. The dose
of N:P

2
O

5
:K

2
O @

220:160:160 kg/ha for low
fertile, @ 200:150:150 kg/ha
for medium fertile and @
180:140:140 kg/ha for high
fertile should be applied.

1/3rd N, full P and 1/3rd K as
basal, 1/3 rd N and 1/3 rd K
at first earthing up and rest N
and K at second earthing up
is the recommended practice.

(iv) Seed rate - 15-20 q/ha of whole tuber
(about 20 g weight)or cut
tuber of 87500 Nos./ha. In
each cut tuber should have at
last one eye-bud. Seed tuber
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should be collected from
recognized source

Seed-tuber must be treated
with Methoxy ethyl mercuric
chloride 3% @ 2 g/liter of
water solution or Mancozeb
75% @ 2.5 g/litre of water or
Trichoderma viridi fungus.

(v) Planting of - Seed tuber should be planted
seed tuber in a ridge and furrow method

where tubers are placed on
ridges and furrows are used
for giving irrigation. The
spacing between ridge to
ridge is kept 45-50 cm and the
distance between two tuber is
15-20 cm.

(vi) Irrigation - 4-5 light irrigations at 3-4 days
interval after planting seed
tuber is essential to have
uniform sprouting. After first
earthing up (21 DAP) three
irrigations are given at 7 days
interval and after second
earthing up (42 DAP), again
three irrigations are essential
at 10 days interval.
Thereafter, two irrigations are
needed at 15 days interval
based on soil moisture
condition.

(vi) Inter-cultural - Weed control may be done by
operation pre-emergence application of

Metribuzin 70 wp @ 500 g/ha
or paraquat dichloride 24 EC
@ 1 kg/ha or Pendimethalin
or Fluchloralin 45 EC @ 750
g/ha at one DAP along with
one hand weeding at 30 DAP.

Earthing up should be done
twice i.e. one at 21 DAP and
other at 42 DAP for better
tuberization.

(vii) Plant Protection- While ant and tuber moth can
be checked by applying neem
seed cake @ 2 q/ha at final
land preparation while aphid
and thrips are to be controlled
by applying Dimethoate or
methyl dematon.

The severe infestation of late
blight disease can be
controlled by applying
Mancozeb 75% or Copper
oxychloride @ 5 g/litre.

Jute

(i) Land - For good germination the land
preparation should be prepared loose and

friable by ploughing 3-4 times
depending on type of soil.

(ii) Seed rate - 5-6 kg/ha, seeds should be
sown either by broadcasting
or in line 25-30 cm apart.

Seeds should be treated with
carbendazim @ 2 g/kg of seed
or with Trichoderma viridi
@ 10 g/kg of seed for 8-10
hours .

(iii) Manuring - FYM @ 5 t/ha should be
applied during primary tillage.

(iv) Fertilizer - The recommended dose of
application  N:P

2
O

5
:K

2
O for Olitorius

jute is 60:30:30 kg/ha for low
fertility soil, 40:20:20 for
medium soil and 30:20:20 kg/
ha for high fertility soil.

Full P and ½ K as basal
during final ploughing, ½ N
and ¼ K after first weeding
(21 DAS) and rest N and K
at 30-40 DAS.

(v) Intercultural - Weed control can be done by
Operation applying Fluchloralin @ 75 kg
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ai/ha at one DAS followed by
one hand weeding.

Rice straw mulching between
two rows of jute can control
weed effectively.

Thinning is essential for good
harvest. So, twice thinning i.e.
at 10-15 DAS and 30-35
DAS is done for ensuring 45-
55 plants/m2.

(vi) Irrigation - One pre sowing irrigation is
essential for good seed
germination. However,
depending on availability of
water 2-3 irrigation may be
beneficial for good harvest.

(vii) Plant Protection- Semilooper, bihar hairy
measure  caterpillar, yellow mite etc.

infestation in jute field
exceeds 10%, then
application of neem oil 3-4
ml./litre of water or
Emidachlopid @  1ml./5 litre
of water solution at 10-15
days interval can control
effectively.

Wilt and stem rot incidence
when exceeds 2% of the
plant, application of
carbendazim 2 g/litre of water
or Mancozeb @ 5 g/litre or
copper oxichloride @ 5 g/litre
of water can control.

For Rice-rice-cowpea (fodder) sequence

A. Winter rice - Same as in rice-potato-jute
sequence

B. Summer rice - During winter months, nursery
bed should be prepared very
carefully. Seeds should be
sown during second fortnight
of January to avoid cold

injury. Sufficient amount of
FYM and ash should be
applied in the nursery bed.
Irrigation is to be given during
evening and draining out of
cooled down water at the
early morning.

The fertilizer dose varies with
the fertility status of soil. The
N:P

2
O

5
:K

2
O @ 140:70:70 kg/

ha for low, 130:65:65 kg/ha
for medium fertility and
100:50:50 kg/ha for high
fertility soil is recommended
(3)

C. Cowpea

(i) Land - 4-5 ploughings by country
Preparation plough or disc plough followed

by laddering is practiced.

(ii) Manuring - 5 t/ha FYM

(iii) Fertilizer - The N:P
2
O

5
:K

2
O @ 30:60:60

application kg/ha for low fetility, 20:40:40
for medium fertility and
10:20:20 kg/ha for high fertility
is recommended and entire
amount of N, P and K should
be applied at final land
preparation.

(iv) Seed rate & - 25-30 kg/ha and seeds are
Sowing time broadcasted followed by light

planking to ensure better seed
soil contact essential for good
germination. Before sowing,
seeds are to be treated with
Rhizobium culture. Seeds
should be sown during the
month of May.

(v) Irrigation - Irrigation may be given as per
requirement.

(vi) Harvesting of - After 2 to 2½ months of
green fodder sowing, first cut of fodder is
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harvested and then after 15
days second cut is to be taken
and the residues should be
incorporated before
transplanting of winter rice.

Contingency planning

Rice : Deviation from normal climatic parameters like
high temperature, humidity, onset and distribution of
rain (pre-monsoon monsoon and winter) etc. has been
found in each and every agricultural season during last
4-5 years, resulting lowering of crop yield. So, suitable
contingent planning should be adopted in the following
way:

A. Excessive rainfall

Occurrence of heavy downpour during early
monsoon may cause inundation of low as well as
medium land, creating difficulty in transplanting
operation of rice or may damage the already
transplanted rice crop. Under such situation, staggered
sowing of seeds in seed-bed or practicing double
transplanting i.e. planting of tillers separated from early
transplanted seedling may be recommended.
Excessive rain at flowering stage of rice may cause
shedding of pollen resulting higher percentage of
unfilled grain.

B. Disease epidemics

Sheath blight (Rhizoctonia sp.) and blast
(pyricularia oryzae) during monsoon and blast during
summer season are the diseases of rice causing havoc
yield loss. Application of systemic fungicide in the
standing crop may check the disease but in the sheath
blight affected field, use of neem seed cake can
reduce the disease outbreak.

C. Heat wave

Summer paddy at its flowering stage and milk
stage may be affected severely with heat wave by
producing chaffy grains. Maintenance of continuous
submergence by irrigation water may be beneficial to
prevent desiccations of pollen grain.

D. Insect-Pest incidence

Brown plant hopper is the major insect-pest of rice
causing devastating damage. Skipping of one row after
eight rows of seedling transplanted facilitate aeration
and check the spread.

E. Less availability of surface irrigation

In a situation of scarcity of irrigation water, rice
cultivation particularly in summer season, should be
made with the help of system of rice intensification
method.

F. Deficiency of nutrients

Zinc deficiency symptom is very often occurred
in monsoon rice which can be corrected by spraying
zinc sulphate along with lime.

G.. Non-availability of fertilizers

Under the circumstances of non-availability of
fertilizer, practicing green manuring with Dhaincha/
Sunhemp one month before transplanting or application
of Azolla in situ @ 60 kg/ha 1-2 days after
transplanting and its incorporation at 21 DAT or use
of FYM/vermicompost @ 5 t/ha/oilseed cake @ 150
kg/ha) may curtail fertilizer need in rice.

Potato : The contingency planning for potato are as
follows.

A. Excessive rainfall

Unusual heavy rainfall or fog incidence during
early growth stage of potato create a favourble agro-
climatic situation for epidemic outbreak of late blight
(Phytophthora infestans) disease. This incidence
appeared in last 2-3 years in the plains of West Bengal
particularly in the late planted potato crop. Standing
potato crop can be protected by prophylactic sprays
of fungicides at 10 days interval or planting of potato
tuber within second fort night of November in every
year may avoid this disease severity.

B. Heat wave/high night temperature

Late planted potato also undergo lower harvest
yield due to increase of night temperature during tuber
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bulking period. Timely or early planting of potato tuber
can escape this problem.

C. Scarcity of irrigation water

Under limited irrigation, potato can be grown in
saturated moisture condition 2-3 days before
harvesting of standing rice crop without any tillage
followed by mulching with straw.
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ZONE 7. EASTERN PLATEAU & HILLS
This zone covers state of Jharkhand, Chhattisgarh and parts (Purlia district) of West Bengal,

Orissa (9 districts) and Madhya Pradesh (3 districts). Five centres involving two on-station and
three on-farm are located in the zone. The resource efficient cropping systems as identified
and production package developed for high potential crops are discussed here with special
reference to following zones.

● Zones of Jharkhand

● Zones of Chhattisgarh

* Contributed by R.S. Singh,  Janardan Prasad1,  R.P.  Manjhi and C.S.  Singh, Department of Agronomy, Birsa Agricultural University,
Ranchi- 834006 (Jharkhand).

1. Department of Soil Science and Agricultural Chemistry, BAU, Ranchi

ZONES OF JHARKHAND*

Jharkhand having total geographical area of 79.72
lakh hectares falls under the Agroclimatic zone VII
of the country known as (Eastern plateau and hill
region). Based on rainfall, temperature, terrain and
soil characteristics, the state has been divided in to
three agro-climatic sub-zones viz. Agro-climatic sub-
zones I (Central and North Eastern plateau) Agro-
climatic sub-zones II (Western plateau) and Agro-
climatic sub-zones III (South Eastern plateau). The
Ranchi centre represents the central and north eastern
plateau zone of the state.

The average annual rainfall of this zone varies
between 1304 to 1409 mm, out of which more than
80% is received during four monsoon months, June-
September. In the remaining months evapo-
transpiration is much higher than precipitation which
requires supplemental irrigation for raising crops. In
fact, availability of irrigation at any place decides the
intensity of cropping. In absence of perennial river
system and rocky strata are major problems in utilizing
ground water resources. Hence, Jharkhand state has
only 12% irrigation in rainy season and about 6%
irrigation in winter season. It requires attention in situ
moisture conservation as well as rain water harvesting
in surplus months i.e. June to September where
evapo-transpiration is far behind precipitation and its
recycling as per critical stages of the growth of crops
in different cropping systems.

This region having undulating topo-sequences and
being primarily rainfed poses several problems e.g.
massive soil degradation, diverse agricultural practices
with low productivity. The soils of upland and
mediumland are red and lateritic with low base
saturation, low cation exchange and water retention
capacity, acidic in reaction (49 % of the total
geographical area of the state are extremely acidic to
strongly acidic (pH < 5.5), low organic matter with
low nitrogen status, and deficient in phosphorus. The
lowland soils have excessive wetness and stickiness
after rice harvest, which restricts tillage operation and
thus fields remain uncropped in winter season. In this
situation surface-seeding technique provides an elbow
space for growing wheat by eliminating tillage.

Jharkhand has only 114 % cropping intensity. As
under upland and medium land situation, rice-fallow
is dominant system due to absence of irrigation facility
while in low land, the excessive wetness of soil after
rice harvest does not permit tillage operation. There
is vast scope of sequential, multiple cropping, using
short duration crop cultivars and intensive input
management to enhance the land use efficiency. This
can be achieved by growing high value crops viz.
maize, groundnut, soybean, blackgram and pigeon pea
under rainfed upland condition for higher yield and
profit. After the harvest of short duration rainy season
crop lentil, linseed or safflower are grown utilizing
hathia rains on receding soil moisture regime. Cereal
/ grain legume based intercropping is the other option
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to increase the productivity under rainfed condition.
In lowland areas having soil wetness and stickness for
longer period, wheat can be established by surface
seeding technique with proper drainage. This non-
traditional technique provides an elbow space for
growing wheat eliminating tillage cost and doubling
cropping intensity (Verma et al., 1999)

It is the time to critically re-design alternative
cropping pattern based on agro climatic zone by
making a shift from low value to high value crops, from
water loving crop to water saving crop, from single
crop to multiple / mixed crop, from crop alone to crop
with livestock-fish-apiculture, from agriculture
production to production with processing and value
addition. Diversification towards these high value and
labour intensive crops can provide adequate income
and employment to the farmers. So, there is a need
for development of technologies that will facilitate
agricultural diversification particularly towards
intensive production of fruits, vegetables, flowers and
other high value crops that are expected to increase
per hectare yield and income per unit area.

Production potential and yield gaps

Yield gap is the other major issue determining
agricultural stagnation in the state as there is a wide
gap between the potential and actual yields in most
of crops/farming system. An integrated approach is
necessary to remove the technological, infrastructure
and social and policy constraints responsible for the
productivity gap and in some cases, productivity
declines. The issues that stand in the way of bridging
the yield gap are mainly inadequate mechanization and
resultant inefficient use of irrigation, nutrients,
herbicides and pesticides, poor management of soil
health, inefficient use of precious irrigation water, low
exploitation of hybrid vigour, poor adoption of
integrated approach of nutrients, weeds and pest
management, sub-optimal use of inputs. There is a
need to strengthen adaptive research and technology
assesment, refinement and transfer capabilities of the
state so that the existing wide technology transfer gaps
are bridged. The potential and actual yields and the
yield gap in most of crops of Jharkhand state is
summarized as under Table-1.

Table 1. Production potential and yield gaps
(q/ha)

Crops Production in Production in Yield
farmers field experimental field gap

Cereal crops

Rice 15.0 40.0 25.0

Maize 14.6 40.0 25.4

Wheat 15.1 40.0 24.9

Average 14.9 40.0 25.1

Pulse crop

Gram 8.8 18.0 9.2

Lentil 6.0 17.0 11

Pea 9.9 20.0 10.1

Arhar 7.0 12.0 5.0

Average 7.9 16.7 8.8

Oilseed crops

Mustard 5.7 10.0 4.3

Linseed 3.8 7.0 3.2

Groundnut 9.1 15.0 5.9

Average 6.3 10.7 4.5

Agricultural Development of Jharkhand At a Glance through Figures
2006

The prevalent cropping systems under different
land situation and agro-climatic sub zones of Jharkhand
state are depicted in Table 2.

Efficient alternative cropping system

There is ample scope to increase the crop
production per unit area per unit time through
intensification and diversification of traditional rice-
wheat system. Keeping this in view an experiment has
been conducted on Intensification and diversification
of traditional Rice – Wheat Cropping at the Birsa
Agricultural University Research farm during 2003 -
07 under irrigated mediumland situation of Jharkhand.
The treatment comprised of Rice – Mustard – Green
gram, Rice – Lentil – Greem gram, Rice – Potato –
Green Gram, Rice -Wheat+ Mustard (8:2)-Green
gram, Rice – Wheat + Lentil (4:2)-Green gram, Rice-
Wheat + Potato (1:1)-Green gram which is compared
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Table 2. Prevalent cropping systems in different zones

Upland Midland Lowland

Rainfed Irrigated Rainfed Irrigated Rainfed Irrigated

Central & north eastern plateau zone (NARP- I)

Arhar-Fallow Maize-Wheat Rice-Linseed/ Maize + Rice-fallow Rice-Summer

Rice-Fallow Rice-wheat Gram/Lentil Vegetables/ (or paira Vegetable

Niger-Fallow Rainy season Rice-Toria/ Wheat/Potato linseed) Rice-Rice

Potato-Barley Rapeseed Rice-Wheat (Summer)

Rice-Lentil/ Rice-Early

Mustard  Potato-Wheat

Western plateau zone (NARP-II)

Arhar+ Groundnut- Rice-Linseed/ Maize+Urd/Cowpea Rice-fallow Rice-

Rice (1:3) Wheat Gram/Lentil Vegetables/ (or paira Summer

Arhar+ Maize-Wheat Rice-Toria/ Wheat/Potato linseed) Vegetable

Groundnut Maize+Urd- Rapeseed Rice-Wheat+ Rice-Rice

(1:2) Wheat Mustard (8:2) (Summer)

Arhar+ Rainy season Rice-Wheat+Lentil

Maize (1:1) Potato-Barley (4:2)

Maize+Urd/ Rice-Lentil/ Rice-Early

Cowpea Mustard Potato-Wheat

(1:2) Maize-Potato

Rice-fallow Vegetable

Maize- (Summer)

Fallow Rice-Berseem/Lucerne

South eastern plateau zone (NARP-III)

Arhar+ Rice-Lentil/ Rice-fallow Rice- Rice-fallow Rice-

Rice (1:3) Mustard Rice-Gram/ Vegetables Rice-paira summer

Arhar+ Maize-Lentil Linseed/Toria/ Rice-Wheat Crops (gram/ Vegetables

Maize (1:1) Vegetables- Mustard Rice-Wheat- Linseed/toria) Rice-

Maize+Urd Potato Moong summer

(1:2) Maize+ Rice-Potato rice

Arhar+ Cowpea- Rice-Vegetable

Groundnut Safflower Maize-Wheat

(1:2) Groundnut-

Linseed/Lentil/

Mustard

Maize+Urd-

Safflower
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Table 3. Yield and economics of crops under intensification and diversification of traditional
rice- wheat system.

Treatments Kharif Rabi Summer Rice System Gross Net B:C Profitability
(Rice) Crops (Green equivalent Producti- returns returns ratio (Rs/ha/day)

gram) yield of vity (Rs/ha) (Rs/ha)
System (kg rice/

(q/ha/year) ha/day)

 Rice – Wheat (Traditional) 40.48 42.42 - 99.22 27.18 83760 49457 1.44 135.5

 Rice – Mustard – Green gram 42.48 13.64 7.48 109.59 30.02 90988 53003 1.40 145.2

 Rice – lentil – Greem gram 40.38 13.65 7.30 104.87 28.73 86375 47659 1.23 130.6

 Rice – Potato – Green gram 43.94 243.16 12.03 268.12 73.46 193535 121656 1.69 333.3

Rice -Wheat+ Mustard(8:2)- 41.53 32.83 + 7.37 124.16 34.02 100820 56428 1.27 154.6
Green gram 2.83

 Rice – wheat + Lentil (4:2)- 42.16 36.79 + 7.70 113.56 31.11 93526 49958 1.15 136.9
Green gram 1.06

 Rice- Wheat +Potato (1:1)- 43.53 25.71 + 11.30 276.17 75.66 199362 124683 1.67 341.6
Green gram 197.33

CD=(0.05) NS - - 25.42 6.96 - - - -

CV % 12.6 - - 9.15 9.15 - - - -

Source: Annual report of AICRP on Cropping System Research, Center

with the traditional rice-wheat system. The soil of the
experimental area was sandy clay loam with pH –6.0
and organic carbon 3.8 g kg-1. The amount of KMnO

4
-

N, Bray-P
1
 and NH

4
OAC-K in soil was 225, 20 and

115 kg ha-1 respectively. Among the different
treatments Rice- Wheat +Potato (1:1)-Green gram
recorded the maximum rice equivalent yield (276.17

q/ha), net returns (Rs.124683/ha) and profitability (Rs.
341.60/ha/day) which was 178, 152 & 152 per cent
higher than the traditional rice-wheat system,
respectively (Table 3). Rice – wheat + potato – green
gram system exhibited the highest land use efficiency
(95 %) and employment generation efficiency (61.37
%) in comparison to the other system (Table 4).

Table 4. Rice equivalent yield, wheat equivalent yield, water expense efficiency, land utilization efficiency and employment
generation efficiency under different cropping sequences.

Treatments REY (q/ha) WEY(q/ha) WEE (kg /ha-mm) LUE (%) EGE (%)

Rice – Wheat (traditional) 99.22 42.42 27.56 70 43.01

Rice – Mustard – Green gram 109.59 48.45 30.44 86 45.48

Rice – lentil – Green gram 104.88 46.55 29.13 86 48.22

Rice – Potato – Green gram 268.00 161.80 49.63 78 56.44

Rice -Wheat+ Mustard(8:2)- Green gram 124.61 60.50 23.08 89 53.70

Rice – wheat + Lentil (4:2)- Green gram 113.55 51.57 21.03 89 46.30

Rice- Wheat +Potato (1:1)- Green gram 276.18 160.50 41.85 95 61.37

NB: WEE = Water Expense Efficiency, LUE = Land Use Efficiency, EGE= Employment Generation Efficiency
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Contingency planning

(a) Excessive rainfall

• Reseeding of crops like maize, urd and arhar.

• Top dressing is deferred

• Creation of drainage facility.

• Intensification of rice based intercropping

(b) Disease epidemic

• Selection of disease resistant varieties

• Seed treatment with broad-spectrum
fungicide.

• Preventive fungicide spraying before
economic loss.

• Selection of crops for intercropping which do
not harbour same insect-pest and diseases.

(c) Heat wave

Selection of crops/ varieties which safely escape
from heat wave especially during reproductive/
flowering stage to avoid adverse effect on fertilization
of the crops, which will be on the basis of weather
parameters available for that place.

(d) Insect pest incidence

• Selection of insect pest tolerant varieties.

• Adjustment of seeding time to escape from
incidence of majority of insects.

(e) Less availability of surface irrigation

In this Zone the availability of surface irrigation
is very meagre ranging from 5-6 % in winter season.
Therefore in rabi season, water for irrigation in used
very precisely to get maximum output from each drop
of water.

(f) Deficiency of nutrients

• 49 % soil are extremely acidic to strongly
acidic (pH< 5.5).

• Soils of majority of area of the state are low
to medium in organic carbon and available
nitrogen, medium in available potassium and
low in available phosphorus and sulphur
content.

• Furrow application of lime @ 3q/ha at the time
of seeding.

• To overcome the deficiency application of
organic manure alongwith chemical fertilizers
particularly SSP is essential.
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ZONES OF CHHATTISGARH*

Chhattisgarh is a predominantly agriculture based
economy. Rice is the main crop (33.9 lak ha) of the
state and about 70 per cent of net sown area is covered
under kharif rice. Hence, major cropping system of
the state is rice based and mainly rain dependent with
average annual rainfall of 1300 mm. This system has
been evolved from farmers’ understanding and
experience over centuries about the diverse edaphic
and climatic characteristics of the state. This led to
grow rice as a principal crop in bunded paddy fields..
The major rice based cropping systems are rice-fallow,
rice- utera (Lathyrus and linseed), rice-chickpea under
rainfed and rice-wheat, rice-mustard and rice-
vegetable under partially or assured irrigated conditions.
Rice - wheat system is emerging as a popular cropping
system with an area of 1.42 lakh ha under limited or
assured irrigated conditions.

The state is spread over 137.9 lakh hectares with
a gross cropped area of 64.76 lakh hectare and is
comprised of 18 districts. The forest area occupies
44% of total geographical area. It is divided into three
agro-climatic zones. The districts, which fall in different
agro-climatic zones are given below:

* Contributed by J.S. Urkurkar,  Shrikant Chitale  and Alok Tiwari, AICRP on Cropping System Research, Indira Gandhi Krishi
Vishwavidyalaya, Raipur, Chhattisgarh

July and August is high (about 350-400 mm) at all
places. It occurred till mid September. The October
rainfall occurs mostly due to cyclonic activity in the
Bay of Bengal. The monsoon normally starts
withdrawing from northern part of the state from 15th

September and withdraws from the entire state by 1st

October. The winter set in by mid November, when
the average minimum temperature reaches around
15oC. The northern districts have severe and long
winter periods than the central and southern districts.

The day-time temperatures during peak summer
season are usually very high in the entire region. The
maximum temperature reaches at its peak in the month
of May (about 42 to 47oC). During this period of year,
the plains area suffers from extreme heating and hot
winds. While,, the mean minimum temperature is lowest
in the month of December and January. The variation
of temperature ranges from 19.8 oC in January to
34.7oC in May, the hottest-month of the year.

Chhattisgarh has a tremendous agricultural
potential with a diversity of soil and climate, mountains,
plateau, rivers, natural vegetation and forest. It is unique
in sense in many ways. It has no seashore and no
connection with Himalayas and has hilly areas and
mountains with big rivers. The temperature goes down
up to 10C in Chilpi and Sarguja. The rainfall ranges
from 800 mm to 1700 mm in different years. Diversified
crops and cropping system is the typical characteristics
of Chhattisgarh.

Irrigation

The major source of irrigation in Chhattisgarh is
canal (69% of all irrigation sources), which is rain
dependant, it means irrigation is available when
reservoirs are filled-up with rain water. The other
sources of irrigation are pond, tube-well, well and
miscellaneous sources like check-dam, nala, stop-dam
etc. The Dhamtari, Janjgir, Raipur, Durg and Bilaspur
are major irrigated districts which have more than 35
per cent net irrigated area to net sown area.  The
source-wise irrigated area in Chhattisgarh is as below:

Agroclimatic zones Districts

Chhattisgarh plain Raipur, Durg, Rajnandgaon,
Bilaspur, Dhamtari, Mahasamund,
Korba, Raigarh, Kawardha, Jangir
and Kanker

Bastar Plateau Bastar, Narayanpur, Bijapur and
Dantewada

Northern hills Surguja, Jashpur and Koria

General climate

Chhattisgarh is situated in tropical interior belt of
India and receive monsoon rains. The climate of
Chhattisgarh state in general, is sub-humid type with
an average rainfall of about 1300 mm. Rainfall during
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The reasons for low productivity in rabi are many
but delayed sowing due to late harvest of long/medium
duration rice varieties, short winters with high
temperatures during the wheat grain filling and tillage
opted follow rice are the major causes. In addition, the
poor draught power of animals using indigenous tillage
implements fail to prepare a good tilled land in time for
both rice and wheat .

Besides, irrigation is available only for 26 per cent
of gross sown area of the state; however, some of the
districts have more than 35 per cent net irrigated area.
The irrigated area particularly under tube-well irrigation
is increasing in the state thus.  Therefore, to utilize the
irrigation facilities in this area, there is a need to
diversify the existing cropping systems and introduce
some new high yielding profitable crops which can
sustain and well suited under Chhattisgarh agro climatic
conditions. This will not only enhance the socio-
economic conditions of the farmers by providing
employment for longer duration but also enable them
to exploit the upcoming marketing and processing
infrastructure in this area.

Predominant cropping systems

Cropping system adapted in particular area is the
mirror of agriculture development of the state or a
particular area. Cropping system not only illustrates
the current land use but also reflects how the land use
pattern changing over the time particularly in irrigated
and rainfed areas.

The major cropping systems observed in
Chhattisgarh can be categorized based on situation of
cultivation .i.e. rainfed and irrigated conditions which
are given below:

1. Mono cropped rainfed systems in medium to
light soil

Rice – fallow, kodo/kutki – fallow

Pigeonpea – fallow, blackgram – fallow

2. Double cropped rainfed in heavy soils

Rice – utera (mostly lathyrus and partly linseed)

Rice – chickpea, maize – rapeseed, rice – linseed

Rice – wheat (partly under rainfed)

Cropping Intensity

The cropping intensity of the state was 114 per
cent in 1998-99. It was 100 % in Bastar plateau and
109 per cent in Northern hills zones in the same year.
The cropping intensity is increasing gradually and it
was 136 per cent in 2006-07. The rate of increase in
cropping intensity was higher in Chhattisgarh plains
zones than Bastar plateau and Northern hills. It was
noticed that Kharif crops including vegetables in
Chhattisgarh plains and increasing in area under maize
in Bastar plateau and Northen hills contributed
significantly in increase cropping intensity.  The area
under rice-chickpea in rainfed and rice-vegetable
cropping system in irrigated conditions are also showing
increasing trend. In fact, the major irrigation source is
canal and the canal water is available when the
reservoirs are filled with rainwater. The canal water is
rain dependent, thus, drought plays an important role
in reducing the cropping intensity of Chhattisgarh.

Constraints for low yield

The total productivity of prevailing rice based
cropping systems is very low ranging from 13.0 to 24.0
q/ha in drought to normal years as compared to other
states and national average. The main reasons for low
system productivity even in irrigated area are lack of
response of fertilizers due to imbalance use of fertilizers
associated with wrong selection and unavailability of
suitable high yielding remunerative crops/varieties and
quality seeds.

Source-wise irrigated area in 2004-05

Source Net irrigated Gross irrigated
area (Lakh ha) area (Area lakh ha)

Canal 8.30 (69%) 8.42 (64%)

Pond/Tank 0.58 (5%) 0.59 (5%)

Tube-well 1.97 (16%) 2.75 (21%)

Well 0.39 (3%) 0.45 (3%)

Others 0.84 (7%) 0.91 (7%)

Total 12.08 (100%) 13.12 (100%)

Courtesy- Agricultural statistics 2005 Commissioner of Land
record, Govt. of Chhattisgarh
Figures in parentheses show the per cent area over total irrigated
area.
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3. Double cropped irrigated systems

Rice – wheat, rice – rice,

Rice – chickpea (partly under irrigated)

Rice – mustard

4. Emerging cropping systems

Soybean – wheat, rice – vegetable

Vegetable – vegetable, rice-rice, rice- Hy.
sunflower

Analysis of change in crop coverage and crop-
ranking

The shift in crops and crop-ranking towards more
remunerative crops based on available resources are
indicative of scientific efforts made for technology
generation suited to farming community. The districts-
wise change in areas of major crops and shift in crop
ranking were analyzed. Cropping system analysis not
only illustrates the current land use but also it reflects
how the land use pattern has changed over the time
(Gangwar and Ram, 2005). Considering the
importance, studies on crops coverage and crop-

rankling were analysed in pre and post scenario of
Chhattisgarh and given in table1 and 2.

Crop coverage ranking

The crop coverage ranking is an indicator of types
of crops grown during Kharif and rabi and how the
cropping systems are changing. It is observed that   rice
was major crop in all the districts. Next to rice was
kodo-kutki millet in 13 districts, blackgram in two
districts and niger in one district during Kharif 1998-
99 in Chhattisgarh. The growing of kodo-dutki,
blackgram and niger was mono cropping system, which
has changed remarkably in post Chhattisgarh period
i.e. 2005-06. The second ranked mono cropped kodo-
kutki millet was replaced by blackgram, soybean,
vegetables and maize. In the light soils of Malasamund,
Raigarh and Jashpur, still blackgram is being grown
(Table 2).

During rabi, lathyrus was replaced by summer rice
in Dhamtari, chickpea in Rajnadgaon and Vegetables
in Raigarh district.  The first crop ranking of toria /
mustard in Bastar plateau and Northern hills zone
remain unchanged in 2005-06 as compared to 1998-
99. The irrigation facilities in different districts play an

Table 1. Change in area (000 ha ) under different crops in Chhattisgarh

Agro climatic zone 98-99 05-06 98-99 05-06 98-99 05-06 98-99 05-06

Kharif crops                        Rice                            Kharif Maize                        Pigeon pea                    Kharif vegetable

Chhattisgarh plains 2792.60 2407.81 20.40 42.90 25.30 86.31 NA 124.39
(-13.8) (110.3) (241.1)

Bastar plateau 464.00 464.14 20.90 65.81 2.00 13.73 NA 16.86
(-0.0) (219.1) (586.5)

Northern Hills 551.20 517.10 51.20 65.59 13.70 64.07 NA 21.32
(-6.2) (28.1) (367.7)

Chhattisgarh 3807.80 3389.05 92.50 174.30 41.00 164.11 NA 162.57
(-11.0) (88.4) (300.2)

Rabi crops                          Chickpea                         Wheat                           Rapeseed/mustard                Rabi Vegetables

Chhattisgarh plains 166.30 296.22 63.00 111.49 12.80 57.17 27.75 98.81
(78.1) (77.0) (346.6) (256.0)

Bastar plateau 1.20 2.09 0.60 1.83 8.20 20.63 1.95 8.63
(74.2) (205.0) (151.6) (342.56)

Northern Hills 5.40 22.24 22.70 51.97 30.40 66.65 5.24 26.17
(411.8) (128.9) (119.2) (399.4)

Chhattisgarh 172.90 320.55 86.30 165.29 51.40 144.45 34.94 133.61
(85.3) (91.5) (181.0) (282.3)

Figures in parentheses indicate percent increase/ decrease in area in 2005-06 over 1998-99



Efficient Alternative Cropping Systems

134

Table 2. District wise crop coverage ranking in 1988-89 and 2005-06 in Chhattisgarh

Kharif crop ranking Rabi crop ranking

First Second Third First Second Third

Raipur Rice Kodo Urd Lathy. C.Pea Wheat
Rice Veg. Til Lathy. C.pea Wheat

Mahasamund Rice Urd G.nut Lathy. Wheat Linseed
Rice Urd Veg. Lathy. Rice Veg.

Dhamtari Rice Urd Kodo Lathy. Linseed C.Pea
Rice P.pea Veg. S. Rice Lathy. C.Pea

Durg Rice Kodo Soybean Lathy. C.pea Linseed
Rice Soybean Veg. Lathy. C.pea Linseed

Rajnandgaon Rice Kodo Soybean Lathy. Linseed C.Pea
Rice Soybean P.pea C.pea Lathy. Linseed

Kabirdham Rice Kodo P.pea C.pea Lathy. Linseed
Rice Soybean Kodo C.pea Lathy. Wheat

Bilaspur Rice Kodo Maize Lathy. C.pea Wheat
Rice Veg. Maize Lathy. C.pea Wheat

Janjgir Rice Urd P.pea Lathy. Linseed Wheat
Rice Veg. P.pea Lathy. Mustard Linseed

Korba Rice Kulthi Urd Mustard Lathy. Linseed
Rice Veg. Urd Lathy. Veg. Mustard

Raigarh Rice Urd G.nut Lathy. Wheat C.pea
Rice Urd G.nut Veg. S. Rice Lathy.

Kanker Rice Kodo Kulthi Linseed Toria Lathy.
Rice Veg. Maize Toria Linseed C.Pea

Jagdalpur Rice Kodo Soybean Toria C.Pea Linseed
Rice Maize Urd Toria Veg. Linseed

Dantewada Rice Kodo Kulthi Toria Kulthi -
Rice Maize Kodo Toria Veg. Lathy.

Jashpur Rice Nizer Urd Toria C.Pea Wheat
Rice Urd P.pea Toria Veg. C.Pea

Sarguja Rice Maize Niger Mustard Wheat Linseed
Rice Maize P.pea Mustard Wheat C.Pea

Koria Rice Maize Kodo Wheat Mustard Linseed
Rice Maize P.pea Mustard Wheat Veg.

Chhattigarh Rice Kodo Urd Lathy. C.pea Linseed
Rice Urd Maize Lathy. C.pea Wheat

Abbreviation - Veg. Vegetable, Urd -blackgram Kodo -Kodo /Kutki millet, Soy -Soybean
F.Pea - Field pea, C.Pea -Chickpea, Lathy -Lathyrus, S. Rice - Summer Rice,
1998-99 2005-06 P.Pea -Pigeonpea
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important role in shifting of crop ranking from 5th to
4th, 4th to 3rd and 3rd to 2nd  position and  thus, this  is a
slow process in state perspective. However, it is an
important indicator of agriculture development and
adoption of crops and technology packages (Urkurkar
et.al. 2006). For example vegetables and summer rice
during rabi in first and second rank respectively in
Raigarh district explained distinct agriculture progress
in the district.

The analysis clearly indicated that there is shift in
crops during kharif and rabi with more remunerative
crops under rainfed and irrigated conditions. The
increase in area under particular crop and cropping
system also suggested the formulation of planning for
development of market and post processing
infrastructure in a particular district. For example
increase in area under soybean, sugarcane, kharif and
rabi vegetables, sunflower, maize, summer rice etc.
need special attention for marketing strategies and
infrastructure.

Prodution potential and yield gap

In fact, stable yield gap exists between potential
yield and actual farm yield of rice and other crops.
Thus, there is enough scope in agriculture development
in Chhattigarh. The yield and yield gap under different
cropping system are calculated on the base year of
2005-06 and given in Table 3.

Efficient alternative cropping systems

The findings of the experiment conducted under
AICRP on Cropping Systems at Raipur to reveal that
the total productivity in terms of rice equivalent yield
was significantly higher in rice-potato-cowpea cropping
system than other systems (Table 4). It was at par but
produced much higher total productivity over rice-
brinjal-GM and rice-onion-GM. Rice based systems
with field crops viz. rice-wheat-fallow, rice-mustard–
GM and rice- table pea-maize (fodder) produced almost
similar rice equivalent yield with each other and these
cropping systems were remained significantly lower
than those systems which included vegetables and cash
crops follow rice. Due to high market price of mustard,
rice-mustard-GM was comparable with existing rice-
wheat cropping system.

Crop diversification through crop intensification will
not only enhance the productivity and profitability of
the farmers but also generates employment to the
farming community for longer periods which will help
in minimizing the problem of migration during lean
periods after rice harvest in Chhattisgarh. Employment
generation efficiency of any diversified system is a
direct measure of its preferability in any area. The
rice-potato-cowpea cropping sequence was found to
be most preferable in terms of providing employment
coupled with better economic return. This sequence
employed maximum number of man-days in a year
and showed highest employment generation efficiency
as compared with other sequences (Table 3 ).

Stability

Stability of total productivity reflects the fluctuation
in yield and farm gate price over the years. Based on
over the years’ analysis, stability of the system with
respect to total productivity was found highest with
rice-mustard-GM closely followed by rice-wheat-
fallow system showing stability of 0.82 (Urkurkar et
al., 2008). However, stability was the lowest in rice-
table pea-maize (fodder) showing limited adaptability
of the system in this area. However, rice-onion-GM
showed considerately high stability revealing the
consistency of producing higher yields over the years
and found to be more compatible follow rice rather
than rice-potato system which exhibited little lesser
stability. While, the other systems, consisting green
vegetables were found less stable in order of merit. In
fact, fluctuations in market prices of green vegetables
over the years have mainly governed the quantum of
returns from that system. Stability with respect to total
net return followed the similar trend. The stability in
terms of total productivity and economics observed to
be lowered down when more than two crops
particularly vegetables were included in the system in
a cycle. Gangwar et al. (2004) also noted higher
stability of field crops in cereal-cereal or cereal-oilseed
cropping sequences.

Relative efficiency

Relative efficiency of different cropping systems
have been worked out in respect to total productivity,
economic and sustainability over existing rice- wheat
cropping system and presented through Fig. 1. It has
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been observed that only rice- onion- GM cropping
system has significant positive values in all respects
i.e. relative productivity efficiency (RPE), relative
economic efficiency (REE) and relative stability index
over existing rice-wheat cropping system. The rice-
vegetable systems particularly rice- brinjal- GM and
rice- potato- cowpea was viable in terms of relative
productivity and relative economic point of view.

Though, the RPE and REE of rice- wheat, rice-
mustard- GM have less than rice-vegetable system
but it has still scope to sustain productivity in long term
basis as RSI is higher under these system.

It can be concluded that existing rice- based
cropping system can effectively be diversified with the
inclusion of peri-urban crops like brinjal and potato
during post rainy season followed by green gram or
cowpea during summer to fulfill the daily needs of urban
population and to fetch higher economic returns. These
systems are also found to be employment generating
and input responsive. Whereas, rice- onion- GM
sequence is comparable with other systems in respect
of RPE, REE and RSI (Figure-1 ).  Also, rice- wheat
and rice mustard- GM systems sustained the
productivity over the years and indicated their wide
acceptability for adoption in large farming community
where assured availability of irrigation water during
post rainy seasons and direct marketing for perishable
produce are major problems.

Potential crops

The state of Chhattisgarh has tremendous potential
for agricultural development through growing large
number of crops in various soil types and topographic
situations. Based on experimental results in different
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Fig. 1. Relative productivity efficiency and relative economic
efficiency  and relative stability index of different cropping
system over existing rice-wheat system  (mean of 4 years)

Table 4. Stability, total productivity, net return and economic viability of different  cropping systems

Treatment Stability Index of system REY Net Returns Economic viability of Cropping systems
(q/ha/year) (Rs/ha/year)

Yield Economic B:C Profitability Mandays Employment
index index ratio (Rs/ha/day) employment generation

efficiency (%)

1 Rice- wheat- fallow 0.82 0.69 93.1 35919 2.32 98.40 291 79.7

2 Rice- mustard -GM 0.89 0.79 81.9 29658 2.14 81.25 264 72.3

3 Rice-coriander (leaf)- 0.52 0.36 146.0 61178 2.58 167.60 412 113.0
greengram

4 Rice –table pea -maize (f) 0.18 0.32 87.8 21545 1.56 59.02 422 115.6

5 Rice –brinjal-GM 0.47 0.29 181.2 83482 3.09 228.71 400 109.6

6 Rice –onion-GM 0.81 0.76 160.6 69461 2.77 190.30 403 109.8

7 Rice –potato-cowpea 0.67 0.39 221.6 81224 2.15 222.52 556 152.3

S Em± 14.1 - - - - -

CD 5 % 42.5
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projects and field experiences, the possible potential
crops, which can be grown in different situations in
Chhattisgarh, are given below.

a) Light unbunded soils (rainfed)

Cereal : Maize, ragi

Pulse : Blackgram, greengram, horsegram

Oilseed : Sesame, groundnut, niger, castor

Tuber crop : Colocasia, gemikand, thikhur, cassava,
sweet potato,

Spices : Turmeric, ginger

Other : Vegetables

b) Medium to heavy unbunded soils (rainfed)

Kharif

Other : Vegetables

Cereal : Kodo, ragi, maize

Pulse : Blackgram, pigeonpea, pigeonpea +
soybean

Oilseed : Soybean, groundnut, sunflower

Tuber crop : Colocasia, gemikand, thikhur, cassava,
sweet  potato

Spices : Turmeric, ginger

Other : Cotton, vegetable

Rabi

Cereal : Wheat

Pulse : Chickpea, Lathyrus, blackgram,
Greengram, pea, lentil, cowpea

Oilseed : Safflower, toria, linseed

Spices : Methi, coriander, karayat,

Others : Vegetables

c) Cultivation on rice bunds

Oilseed / pulses : Pigeonpea, sesamum, blackgram,
  cowpea, beans

Tuber : Colocasia

Medicinal : Lemon grass

Fodder : Dinanath, sudan, napier, M.P. Chari

Other : Fruit/forestry trees

e) Bunded rainfed (medium to heavy soil)

Kharif : Rice

Soybean and vegetables ( removal   of
bunds  and providing drainage in    large
scale cultivation)

Rabi

Cereal : Wheat

Pulse : Chickpea , pea, lentil, lathyrus,

Oilseed : Safflower, linseed, mustard

Spices : Methi, coriander, karayat

f) Irrigated conditions (varied soil types)

Kharif

Cereal : Rice, maize

Oilseed : Soybean, sunflower, castor, groundnut

Vegetables : All kharif vegetables

Other : Sugarcane, fodder, medicinal and
aromatic plants

Rabi

Cereal : Wheat, maize

Oilseed : Mustard, sunflower, linseed, hybrid
castor, groundnut, safflower

Pulse : Pea, greengram, rajma, chickpea,
lathyrus, cowpea, lentil

Vegetable : Onion, potato, tomato, brinjal, chilli,
cucurbits cauliflower, cabbage and
variety of rabi vegetables

Fodder : Berseem, lucern grass

Other : Sugarcane, medicinal plant, spices



Eastern Plateau & Hills

139

Efficient cropping systems

Based on research results under AICRP-CSR
following cropping system were found profitable for
the different zones.

Plains area

Assured irrigations

For two crop
Rice-Tomato Nearby market is required (poor

market in glut )
Rice-Berseem In dairy area or farming system

mode cultivation
Rice-sunflower Good market
Rice-wheat Good market

For three crops
Rice-Potato-cowpea Good market
Rice-brinjal-GM Good market
Rice-onion-GM Good market
Rice-Coriander (leaf)- Good market
mung

Limited irrigations
Rice-chickpea High remunerative price of

oilseed and pulses
Rice-safflower
Rice-mustard

Hilly area

Lowland and midland bunded
Rice-potato Marketing for rice, wheat, maize,
Rice-Wheat oilseed and pulses is available
Rice-vegetable - Vegetable can be grown nearly
Rice-onion    city area
Rice-Brinjal - Very limited market for
Rice-greenpea-maize    vegetable in interior tribal
Rice-wheat-mung    villages

Uplands
Maize-cabbage
Maize-wheat
Groundnut- wheat
Miaze-toria-wheat
G. nut- wheat-maize
Vegetable-vegetable

Limited irrigation
Rice-wheat
Rice-pea
Plateau area

Kh Potato-mustard

Package of Practices

Rice

In Chhattisgarh, rice is cultivated through various
methods viz. Broadcast biasi (beushening) and direct
dry seeding in lines under rainfed condition and
transplanting, lehi method and line sowing in wet
condition under assured or semi irrigated conditions

Rainfed condition

The broadcast improved biasi (beushening) :
Beushening system of rice cultivation is common
practice in the region and almost 80 percent is covered
under this method. It includes shallow ploughing,
redistribution of seedlings and burying of weeds
simultaneously well before the nodal differentiation of
rice plants and creates the soil structure similar to
puddled field. The recommended practices are as
follows:

1. Sowing of treated seeds @ 80-100 kg/ha in
ploughed field followed by planking

2. Application of pre-emergence herbicide like
pendimethalin or butachlor @ 1.0 to 1.5 kg or
anilophos @ 0.4-0.5 kg a.i./ha in 500 lit water
4 to 5 days after sowing. If water is not
available for spraying, then the said quantity
of herbicides may be broadcasted into the field
mixing 4-5 bucket of dry sand.

3. Apply 30-40 % of N at the time of beushening
(shallow ploughing), 30 % at 20-25 days after
beushening and remaining 20-30 % of N 40-
50 days after beushening.

4. Shallow ploughing should be done within 25-
40 days after sowing while redistribution of
seedlings should be done within 3 days of
shallow ploughing.

Direct seeding

Land preparation and sowing of seed

1. With the first break of south-west monsoon,
start land preparation
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2. Plough, puddle and level the field at appropriate
time with the receipt of rain and drain out the
excess water if possible.

3. For direct seeded rice, a few rain free days
after puddling are needed.

4. Apply basal recommended fertilizers and
incorporate.

5. Well-filled grains germinate better to produce
healthy seedlings. Select seeds fpr sowing
using the common salt solution (1.65 kg
common salt in 10 l water). Seeds may be
treated with bavistin @ 3 g/kg seeds.

6. Sowing of  pre germinated seeds by using
paddy drum seeder or broadcast pre
germinated seeds in puddle soils

Direct dry seeding

The state observes drought conditions during every
3-4 years cycle due to uncertain and irregular rains.

Generally, farmers wait for sufficient rains at sowing
or at the time of puddling/transplanting. This situation
also occurs at flowering or milking stage.Looking to
this a method is developed by IGKVV called improved
direct dry seeding (Unnat Khurra boni) to facilitate
the farmers. This method includes

1. Summer ploughing by desi plough or tractor

2. Sowing of seeds in lines made by nari hal or
tractor drawn seed drill at 20 cm row distance
during first or second week of June.

3. Use of pre emergence herbicide is essential
within 20 days after sowing.

4. By taking medium duration rice varieties rabi
crops may be grown using with conserved soil
moisture.

Recommended varieties : The recommended
varieties of rice as per soil type under rainfed condition
are as follows.

Table 6. Yield increase over the existing system

Efficient Cropping System Yield of efficient cropping system (t/ha) Yield gap (t/ha) between efficient
system and base yield of existing system

in rice yield equivalent (REY)

K R S REY

Irrigated

Rice - Wheat 5.3 2.9 - 8.92 8.92 - 4.82 = 4.64
Rice - Tomato (Vegetable) 5.4 39.0 - 15.84 15.84 - 4.82 = 11.56
Rice - Berseem 5.9 61.5 - 11.49 11.49 - 4.82 = 7.27
Rice - Sunflower 5.3 1.2 - 8.17 8.17 - 4.82 = 3.89
Rice - Potato - Cowpea 5.1 10.3 5.1 16.7 16.7 - 4.82 = 12.42
Rice - Onion - Green Manure 4.7 14.3 - 13.7 13.7 - 4.82 = 9.42

Limited Irrigation

Rice - Safflower 5.5 1.4 - 9.25 9.25 - 4.82 = 4.97
Rice - Chickpea 5.5 1.1 - 8.25 8.25 - 4.82 = 3.97
Rice - Mustard 5.3 1.0 - 8.18 8.18 - 4.82 = 3.90

Rainfed

Rice - Chickpea* 4.0 1.5 - 7.75 7.75 - 2.35 = 5.40
Soybean - Chickpea* 2.0 1.3 - 6.82 6.82 - 2.35 = 4.47
Rice - Safflower* 4.1 1.0 - 6.78 6.78 - 2.35 = 4.43
Rice - Linseed* 4.1 0.9 - 6.35 6.35 - 2.35 = 4.00

* Other than CSR experimental yield
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Soil type/ Yield potential Maturity
Varieties (q/ha) (days)

Entisols
Kalinga-3 30 80-90
Aditya 30 85-95
Vanprabha 35 80-90

Inceptisols
Purnima 35 100-105
Danteshwari 35 100-105
Tulsi 30 100-110

Alfisols/Vertisols
I R-36 40 115-120
IR- 64 40 112-115
Mahamaya 50 128-130
Bamleshwari 60 130-135
MTU 1010 40 110-120

Black soil lowlands
Masuri 40 140-145
Swarna 45 140-150

Transplanting

Nursery management : This method is used
where irrigation is assuredly available or rain water is
sufficient. Level the field perfectly and prepare
seedbed of 1.5 m width and of convenient length
leaving 30 cm channels in between beds. Total seedbed
area is normally calculated as 10 % of  the main field
to be transplanted.

Recommended varieties : The recommended
varieties of rice under irrigated condition are as follows.

Variety Duration Normal yield
(days) potential (q/ha)

Mahamaya 128-130 50

Pusa basmati 128-130 45

Swarna 145-155 50

IR -36 115-120 50

IR-64 112-115 50

Preparation of the main field

1. Dry plough the field three weeks before
planting time and submerge by inundating with
5-10 cm of standing water.

2. Add 10 tonnes of farmyard manure, or 10-20
tonnes of green manure (Sesbania, Sunhamp,
or cowpea) and incorporate by puddling. This
would decompose before transplanting time.

3. Apply basal recommended fertilizer doses
before the last puddling and incorporate.
Ensure proper leveling of the field.

In case of delayed monsoonal rains or insufficient
rainfall could also delay the canal irrigation, which will
receive late in the season, so that prepare the main
field by ploughing and cross ploughing with the receipt
of first monsoon rains and store the water at least 3
days before transplanting and apply basal dose of
recommended fertilizers before the last puddling and
incorporate.

Fertilizer management

Ensure application of fertilizers as per
recommendations (Table 4) at optimum time. Add 10
tonnes of farmyard manure, or 10-20 tonnes of green
manure (Sesbania, Sunhamp, or cowpea) before
sowing (in line sown rice) or transplanting and
incorporate by puddling. This would decompose before
transplanting time.  Sowing of green manure crops
Seeds @ 30-35 kg/ha 35-40 days before sowing and
than incorporated into the puddle field can add 40-50
kg N /ha.

Application of bio-fertilizers

i. Blue green algae: 10 kg/ha of blue green algae
at 5 to 6 days after transplanting with 5 – 8
cm standing water in field.

ii. Azospirillium and PSB: treat seedling roots with
700g of each culture before transplanting.

Secondary and micro-nutrients

As the deficiency of zinc is observed in most of
the paddy fields of Chhattisgarh the following
application is recommended

i. 10 hrs or over night soaking of seeds in 2.5 %
solution of zinc sulphate
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ii. Application of 25 kg/ha zinc sulphate at the
time of last ploughing operation once in every
three years.

Water management

Proper water management facilitates good tillering
in the crop, increases efficiency of N use by plants
and helps to reduce weed population. Uniform leveling
of field and providing proper drainage are most
essential for an effective water management. In
command areas water management in rice crop is of
utmost importance because field at tail end may suffer
from less and late availability of  water.

1. Maintain water level not  more than 1-2 cm at
the time of transplanting

2. Maintain 2-5 cm water throughout the growing
season.

3. If sufficient water is available, higher number
of tillers can be obtained by maintaining less
water (2-3 cm) in field. Similarly saturated
condition after flowering will give good results.

4. Drain out water before top dressing with N
fertilizer and let in water 24 hours later.
Depending upon the soil types, drain out water
15-20 days after 50% flowering.

Weed management

1. Adopt hand weeding 2-3 times at 20 days
interval starting from 20 days after planting.
This is done before the fertilizer application.
Anilophos (0.60kg a.i./ha or 0.40 kg a.i./ha) in
combination with 2,4-D ester salt (0.50 kg a.i./
ha)

2. In line sown rice, spray of 1.5 kg a.i./ha of
butachlor or pendimethalin within 3-5 days will
effectively reduce the weed population.

3. Use flat fan nozzle for spraying.

4. Spray only when there is sufficient moisture
in the field.

Table 6. Optimum time of fertilizer application in rice

Crop condition Percent of N to be applied as per maturity

Early Medium Late

Fertilizer dose 40-60:20-40:15-20 kg 60-100:30-50:20-25 kg 80-100:40-50:25-30 kg
N:P:K /ha N:P:K /ha N:P:K /ha

Quantity Age Quantity Age Quantity Age
of N (%) of N (%) of N (%)

Beushening method

Sowing 0 0 10-20 0 0 0
Shallow ploughing 30 20 30-40 25-30 25 25-30
Tillering 45 35-45 40-50 40-50 40 45-55
Panicle initiation 25 50-60 20-30 60-70 35 65-75

Line sowing method

Sowing 30 0 20 0 25 0
Tillering 45 35-45 50 40-50 40 45-55
Panicle initiation 25 50-60 30 60-70x 35 65-75

Transplanting method

Transplanting - - 30 20-25 25 20-25
Tillering - - 40 40-50 40 45-55
Panicle initiation - - 30 60-70 35 65-75
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5. Whenever weed problem is acute, selective
herbicides should be applied after the complete
germination and before emergence of the
weeds.

Integrated insect pest management

1. Summer ploughing and destroy of stubbles of
last crops for controlling stem borer, army
worm and grass hoppers.

2. Use of insect pest resistant varieties (for gall
midge : Ruchi, Abhaya, Mahamaya
Danteshwari) and early maturing varieties

3. Timely sowing or transplanting e.g. for line
sowing:  upto 15 June and for transplanting:
upto 15 July

4. Leave 0.3 m space for inspection after
transplanting of every 3.0 m length

5.  Use light traps and kill the collected insects

6. Use of recommended doses of fertilizers.
Apply extra 15-20 Kg K/ha if insect attack
occurs

7. Apply Trichogramma card of  50, 000 eggs
(Trichocard) for controlling stem borer

Chemical control

Be aware if threshold level of Predators and
harmful insect is of 2:1 and if the ratio is more than
that use insecticides.

Nursery stage: Apply carbofuron @ 0.75 kg a.i. or
carbaryl @ 0.5 /ha for gall midge for green leaf hopper

Tillering stage: Apply carbofuron @ 0.75 kg a.i. or
carbaryl @ 0.5 /ha for gall midge for green leaf hopper.
For managing brown plant hopper, white fly, hispa, case
worm, spray carbaryl @ 0.75 kg a.i or monocrotophos
@ 0.50 kg or chloropyriphos @ 0.50kg a.i./ha.

Flowering and ripening stage: For stem borer spray
quinolphos/chlorpyriphos @ 0.50 kg a.i./ha. To control
green and brown plant hopper as per doses used for
tillering stage or dusting of carbaryl/quinalphos @ 25-
30 kg/ha.

Maturity stage: If attack of stem borer is severe at
maturity spray melathion 500ml + diachlorvas 45 ml /
ha.

Wheat

In Chhattisgarh, this system is emerging as a
popular cropping system with an area of 1.63 lakh ha
under limited or assured irrigated conditions, but the
potential yield of wheat is yet to be realized. The
reasons for low productivity (1108 kg/ha) are many
but delayed sowing due to late harvest of long/medium
duration rice varieties, low fertilizer doses, short winters
with high temperatures during the wheat grain filling
and tillage opted follow rice are the major causes. In
addition, the poor draught power of animals using
indigenous tillage implements fail to prepare a good
tilled land in time for both rice and wheat.

Improved varieties : The varieties recommended
are as follows.

Variety Duration Yield Remark
(days) potential

(q/ha)

Irrigated and timely sown condition (upto 15 November)

Kanchan 120-125 40-42
GW 273 115-120 42-48
WH 147 120-125 40-45

Irrigated and late sown condition  (After rice mid December)

GW 173 105-110 35-40
DL 788-22 105-110 35-40

Partially irrigated or unirrigated condition

Ratan 110-115 19-20 Developed by IGKV
(CG 5016)
Arpa 110-112 20-24 Developed by IGKV
(CG 5011)
Sujata 125-130 20-22
C 306 130-135 15-20

Sowing and seed rate

Seeds should be sown at a spacing 20-22 cm
between the rows and at 5-6 cm deep in the soil.
Always prefer seed drill for sowing. Reduce row
spacing to 15-18 cm for late sown
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Time of sowing : The appropriate time of sowing are
as follows.

Condition Time of sowing

Timely sown (irrigated) First fortnight of November

Late sowing (irrigated) Upto 15 December

Timely sown (unirrigated) End of October to first week
of November

Late sown (unirrigated) Second fortnight of
November

Fertilizer

1. It is advised to apply 120 kg N and 40-60 kg P
/ha to wheat taken after rice/sugarcane.
Potassium can be applied only after soil test.

2. Fertilizer doses are reduced under late sown
condition and it is advisable to have a fertilizer
dose of 60-80 kg N and 30-40 kg P/ha under
such condition.

3. Under rainfed/unirrigated condition fertilizer
dose should be 40 kg N and 20 kg P/ha.

4. If farm yard manure/compost is used than N
requirement can be curtailed by 5 kg/ha. These
organic manures will also improve the soil
condition.

5. Apply whole amount of P and K and half of N
at the time of sowing under irrigated condition.

6. Fertilizers should be evenly mixed into the field.
For proper distribution of fertilizers ferti-seed
drill can be used.

Deficiency of minor elements and their remedy

There may be symptoms of certain minor elements
under intensive cropping of rice-wheat system.  Mostly
deficiency of zinc and manganese can be observed.
For zinc deficiency apply 25 kg/ha of zinc sulphate or
Apply 2-3 spray of 2.5 kg zinc sulphate + 1.25 kg of
lime/ha in 500-700 litres of water at 15 days intervals.
For manganese deficiency, dissolve 2.5 kg/ha
manganese sulphate in 500-700 litres of water and spray
2-4 days before sowing. Repeat the spray for 2 times
at 7 days intervals.

Weed management

Use hand hoe 30 days after sowing for intercultural
operation and control weeds. Chemical control of weeds
is found very effective in wheat.

Narrow leaved weeds:  Use isoproturon @ 750
g/ha in 700 lit of water at 30-35 days after sowing for
effective control of Phalaris minor and Avena fatua.

Broad leaved weeds: Use 2,4-D @ 750 a.i. kg/ha
to control of Melilotus and Chenopodium at 30-35days
after sowing

Broad spectrum control: Spray selective/
systemic herbicides like Sulfosulfuron @ 4 g a. i. or
metsulfuron @25 g a.i./ha at 30-35 days after sowing

There should be sufficient moisture in the soil for
herbicidal effectiveness and assure about no rains for
the day when spraying is being done.

Contingency planning

In Chhattisgarh, normally the monsoon sets in
around 10th June in the southern-most tip of Bastar
district and finally extends over the entire area by 25th

June. It starts withdrawing from 15th September and
withdraws from the entire state by 1st October. In this
state, aberrant weather conditions like early onset of
monsoon, late onset of monsoon, very less rainfall, very
high rainfall and early withdrawal of monsoon are very
common in 4-5 years cycle. Therefore, in Chhattisgarh
agro-climatic condition, agricultural drought will occur
due to following conditions –

1. Insufficient or less rainfall

2. Abnormal or uneven distribution

3. Long dry spell

4. Early withdrawal of monsoon

The contingency plan for such conditions is as
follows

I. Early onset of monsoon (10 to 15 June)

1. Generally, deep summer ploughing during the
month of May to destroy the eggs/ larvae of
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harmful insect pests and seeds of weeds is
recommended.

2. Follow direct dry seeding of rice in lines.

3. Apply the 1/3 quantity of N and whole quantity
of P and K fertilizers at the time of sowing. If
it is not possible ensure to apply it at the time
of first weeding..

4. In bunded heavy soil situation, medium duration
rice and under unbunded heavy soil condition,
soybean and pigeonpea are advised.
Intercropping of soybean and pigeonpea can
also be followed.

II. Early and continuous rains (10 to 20 June)

1. Wait for field condition if rains commence
early.

2. Seeding of rice in lines or broadcasted. If it is
not possible, than opt lehi method of rice in
puddled condition.

3. Prepare nursery of improved rice varieties on
raised beds through lehi method.

4. If sowing delays due to continuous rains after
10 th July,  go for early duration rice .

5. If planting gets delay, transplant 4-5 plants per
hill. Row spacing may be 15X15. Urea and
potash will be top dressed with 10 to 15 %
additional dose.

6. Unlike rice crop, drain out the excess water
from the field where kharif pulses or oilseeds
are taken. Do not sow these crops during
continuous rains

III. Late onset of monsoon

A. Two week late from normal (30 June)

1. It is advised to opt for direct seeding line
sowing or broadcasting of seeds followed by
bueshening of rice instead of transplanting.

2. Direct dry seeding through seed drill during
last week of June.

3. Use of post emergence herbicides for weed
control.

4. Grow early maturing rice varieties. Drought
resistant verities can also be taken.

5. Take maize, kharif oilseeds and pulses as an
alternative of upland rice.

6. Confirm the availability of early maturing rice
and oilseed/pulses at government level.

B. Four week delay from normal (15 July)

1. It is advised to opt for line sowing or
broadcasting of seeds followed by bueshening
of rice instead of transplanting.

2. Direct dry seeding through seed drill during
last week of June.

3. Use saved nursery for dense transplanting with
3-4 seedlings/hill.

4. Follow lehi method of rice, if rains are late
and continuous.

5. Use organic manures and apply more fertilizers
than recommended dose in order to get
optimum produce.

6.  Field should be free from weeds.

IV. Drought condition after sowing

A. Drought 1-2 week after sowing

1. If irrigation is available, irrigate the field as
per demand of soil.

2. To maintain the optimum plant population, grow
nursery in a portion of field for gap filling if
needed and keep field free from weeds.

B. Drought 3 - 6 weeks after sowing

1. Weeds grow fast in this situation. More
emphasis should be given on weeding if water
is not available for beushening 30-35 days
after sowing.

2. If there is a weather forecast for no rains for
20-25 days then post emergence herbicides
may be used of for weed control.
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3. Apply split dose of fertilizers only after
accumulation of some water in fields.
Increase the dose by 15 percent to avoid
adverse effect of drought on plant growth.

4. Weeding of pulse, oilseed and maize crops
through bullock drawn implements or desi
plough.

V. Early withdrawal of monsoon

1. Ensure immediate irrigation from available
sources at panicle initiation or grain filling
stage. Call meeting of water utilization
committee for reviewing the condition and
supply of water to the farmers at government
level.

2. As far as possible water must be stored in
the fields.

VI. Heavy rain conditions

1. When 50 percent of crop is destroyed due to
heavy rains take early maturing rice.
However it is not advisable after the month
of August.

2. If more than 50 percent of crop is destroyed
due to heavy rains than prepare the field for
coming rabi season.

VI. Abnormal rains during rabi season
(December – January)

1. Topping of chickpea and safflower to reduce
the extra growth

2. Apply split doses of fertilizer in semi irrigated
or unirrigated wheat.

3. After winter rains there will be rapid attack of
insect/pest and diseases on rabi crops, so that
care must be taken for plant protection
measures.

Production potential and yield gap

In fact, sizable yield gap exists between potential
yield and actual farm yield of rice and other crops. Thus,
there is enough scope in agriculture development in
Chhattisgarh. The yield and yield gap under different
cropping system are calculated on the base year of
2005-06 and given in Table 5 & 6.
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SEMI ARID EASTERN PLAIN ZONE OF
RAJASTHAN*

Pearl millet (Pennisetum glucum L.)–Wheat
(Triticum aestivum L.) is the most predominant
cropping system of semi arid eastern plain zone of
Rajasthan state. The pearl millet- wheat cropping
system is widely adapted in the region due to its assured
production, less affected by insect pest & disease and
its suitability to climatic conditions. However, the said
system is less remunerative due to low market prices
of both the crops & this system has negative impact
on soil fertility. However, the farmers are reluctant to
diversify the said system as wheat forms part of daily
staple diet of farmers’ family & pearl millet fodder is
required for farm animals.

Production potential and yield gaps

Following is production potential & yield gap of
pearl millet-wheat in this zone.

* Contributed by Surendra Singh, O.P. Gill and K.P. Singh, AICRP on Cropping System, Agricultural Research Station ( Rajasthan
Agricultural University), Durgapura, Jaipur (Rajasthan)302018

Efficient alternative cropping systems

Diversification of cropping system is necessary to
get higher yield and return, to maintain soil health,
preserve environment and meet daily requirement of
human and animals (Samui et al., 2004). In semi arid
region of Rajasthan generally two or three crops are
sown in a year. Based on the findings of experiments
at Durgapura the following two systems are designated
as most efficient alternative cropping systems
compared to existing predominant pearl millet-wheat
system.

1. Cluster bean-rabi onion (Irrigated areas)

2. Green gram-mustard (for rainfed areas)

A field experiment was conducted at ARS,
Durgapura during the year 2006-07 & 2007-08 and
nine cropping sequences as detailed in Table 1. The
following results were obtained.

Pearl millet Equivalent Yield (PEY)

A significant variation in PEY was observed among
the different cropping systems (Table 2). The pooled
mean yield of different crops in various sequences and
their production in terms of pearl millet equivalent yield
were significantly the highest (15191 kg/ha) under the

Crop Maximum Zonal Yield gap Yield index
yield average (kg/ha)

obtained yield
(kg/ha) (kg/ha)

Wheat 3021 2594 427 16.46

Pearl millet 2581 1185 1396 117.81

Source:  Anomymous (2006-07). Vital Agricultural Statistics
of Rajasthan, Pant Krishi Bhawan, Jaipur

ZONE 8. CENTRAL PLATEAU & HILLS
This zone involves 25 districts of Madhya Pradesh, 16 districts of Rajasthan, and 5 districts

of Uttar Pradesh. Five on-station and four on-farm centres of AICRP on Cropping Systems are
located in the zone. The efficient alternative cropping systems identified and their package of
practices for the crops included in the systems are discussed here with special reference to
following sub-zones of the states.

● Semi-arid eastern plain zone of Rajasthan
● Sub-humid Southern plains of Rajasthan
● Kaymore plateau and Satpura hill zone of Madhya Pradesh
● Central Narmada Valley Zone
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Table 1. Details of cropping systems evaluated

                                                                                               Treatments

S.N. Kharif Rabi Summer

T
0

Pearl millet (Pennisetum glucum L.) Wheat (Triticum aestivum L.) Fallow

(Raj-171)(90-30-0) (Raj-3765)(90-30-0)

T
1

Pearl millet (Pennisetum glucum L.) Fenugreek (Trigonella foenum Okra (Abelmoschus esculentus L.)
(Raj-171)(90-30-0) graecum L.)(RMT-335)(40-40-0) (Vegetable)(Pusa Sawani)(60-30-30)

T
2

Cluster bean (Cyamopsis Onion (Allium cepa L.)(RO-1) Fallow
tetragonoloba L.) (RGC-1003) (100-50-100)
(20-40-0)

T
3

Moth bean (Vigna aconitifolia L.) Wheat (Triticum aestivum L.) Fallow
(RMO-40)(10-30-0) (Raj-3765)(90-30-0)

T
4

Cowpea (Vigna unguiculata L.) Ajowan or Ajwain Fallow
(RC-19)(10-30-0) (Trachysppermum amni)

(Gujarat Ajawain-1)(20-30-20)

T
5

Cluster bean (Cyamopsis Chandrasur (Lipidum sativum Green gram (Vigna radiata L.)
tetragonoloba L.)(RGC-1003) L.)(Local)(30-40-0) (ML-668)(15-40-0)
(20-40-0)

T
6

Green gram (Vigna radiata L.) Mustard (Brassica juncea L.) Fallow
(ML-668)(15-40-0) (Bio-902)(60-30-0)

T
7

Groundnut (Arachis hypogea L.) Isbgoal (Planto ovata L.) Green Manuring (Sesbania sp.)
(M-335)(20-60-0) (GI-1)(45-45-0)

T
8

Pearl millet (Pennisetum glucum L.) Barley (Hordeum vulgare L.) Cluster bean (Vegetable)
(Raj-171)(90-20-0) (RD-2592)(60-30-0) (Cyamopsis tetragonoloba L.)

(M-83)(20-40-0)

*Figure in parenthesis indicate scientific name, variety and NPK used

Cluster bean-rabi Onion  crop sequence followed by
Pearl millet-Barley- vegetable Cluster bean sequence
(14419 kg/ha). The lowest PEY was recorded in case
of Cowpea-Ajawain sequence. Similar results were
reported by Prasad et al.,(2002).

Economics

Data (Table-2) reveals that gross returns of
different cropping sequences were significantly
affected due to crop diversification. The maximum
gross returns (Rs 90403 /ha) was achieved under
treatment T

2
 (Clusterbean-rabi Onion) that was

statistically identical with Pearl millet-Barley-vegetable
Cluster bean. However, the maximum B: C ratio was
accrued by the Green gram-Mustard sequence. These

results are in consonance with those of Subbiah and
Palaniappan (1992).

Efficiency measures

The computation of various efficiency measures
(Table-3) reveals that the maximum system
productivity (63.83 kg/ha/day), relative production
efficiency (33.59 %) and employment generation
efficiency (31.51 %)were recorded by the Cluster
bean-rabi Onion sequence. However, the highest
economic efficiency (257.3 Rs/ha/day), irrigation water
use efficiency (19.52 kg/ha-mm) and land use
efficiency (79.73 %) was observed in the Green gram-
Mustard sequence.
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Table 3.  Efficiency Measures of different crop sequences under diversification of Predominant copping system
(Mean of 2006-07 and 2007-08)

S.N System Productivity Economic efficiency Irrigation water Land Use Relative Production Employment
(Kg/ha/day) (Rs/ha/day) use efficiency efficiency Efficiency generation

(Kg/ha-mm) (%) (%) efficiency (%)

T
0

55.33 214.8 24.13 56.2 – 25.2

T
1

61.75 232.6 13.70 58.4 15.7 19.5

T
2

63.83 234.0 17.87 65.2 33.6 31.5

T
3

40.67 144.4 16.44 52.1 (-) 32.1 20.6

T
4

23.52 67.7 8.17 52.3 (-) 60.5 16.7

T
5

25.24 87.6 9.18 79.7 (-) 35.4 16.4

T
6

57.70 257.3 19.52 55.6 (-) 3.0 15.6

T
7

26.92 68.9 18.37 74.8 (-) 35.4 30.1

T
8

54.62 209.4 13.11 72.3 26.8 23.3

Soil fertility status

The analysis of soil fertility in terms of available
organic carbon, phosphorous and potash reveals that
Clusterbean-rabi Onion significantly enhanced organic
carbon, phosphorous and potash as compared to initial
soil fertility status and traditional crop sequence. These

results are in confirmation with the findings of Singh et
al., (2008).

On overall basis Cluster bean-rabi Onion crop
sequence is recommended as the most remunerative
cropping system for the farmers of semi arid eastern
plain zone (Zone IIIa) under irrigated condition. Under

Table 2.   Yield and economics of different cropping sequences under diversification (Pooled     2006-07 and 2007-08)

S.N Grain yield (Kg/ha) Fodder yield (Kg/ha) Pearl millet Gross Net B:C
Equivalent returns returns ratio

Kharif Rabi Summer Kharif Rabi Summer yield  (kg/ha) (Rs/ha) (Rs/ha)

T
0

2113 2786 - 5845 4335 - 11343 67490 44031 1.08

T
1

2303 1803 270 6163 3432 - 13152 78269 49534 1.73

T
2

1140 16840 - 2460 - - 15191 90403 55693 1.61

T
3

643 2606 - 1038 3820 - 7727 45939 27429 1.48

T
4

830 541 - 1407 1817 - 4493 26787 12937 0.94

T
5

1249 1020 222 2790 2086 - 7346 43817 25487 1.39

T
6

934 2202 - 1326 4358 - 11713 69902 52238 2.96

T
7

1808 1350 - 1771 2309 - 7349 43696 18807 0.76

T
8

2167 3250 2237 5984 4439 - 14419 85917 55282 1.81

CD (P=0.05) 792 7036 - -
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limited irrigation water condition Green gram-Mustard
is suggested as the next best alternative for the
farmers.

Package of practices

The package of practices from land preparation
to harvesting of  two efficient alternative systems viz.
cluster bean-rabi onion & green gram- mustard are
discussed here for ready reference of farmers and
extension workers.

Cluster bean

Land preparation : One or two deep summer
ploughing is advisable during summer. Start field
preparation by 1-2 ploughing just after first monsoon
rains. Prepare the field by planking.

Seed treatment : To protct the crop from bacterial
blight treat seeds with streptocyclin 100 ppm or
Agromycin 250 ppm. Also treat seeds with Rhizobium
& PSB culture before sowing.

Seed rate & sowing : Sowing of cluster bean depends
upon onset of monsoon rains. However, sowing may
be done up to 30th   July. Use 15 to 20 kg seeds for one
hectare area. Keep crop geometry 30 cm x 10 cm.

Improved varieties : RGC-936, RGC-986, RGC-
1003, RGC-1002, RGC-1017 are improved varieties
of cluster bean for this zone.

Table  4. Changes in soil fertility status at the end of rabi
2007-08 under diversification of cropping sequences

S.N Organic Available Available
carbon phosphorus potash

(%) (Kg/ha) (Kg/ha)

T
0

0.25 33.72 189.73
T

1
0.33 36.09 195.32

T
2

0.37 37.35 197.47
T

3
0.27 33.66 191.23

T
4

0.28 34.86 193.66
T

5
0.28 35.24 190.83

T
6

0.27 33.93 192.72
T

7
0.32 34.96 193.39

T
8

0.28 34.74 190.88
Initial 0.25 34.67 192.22
CD (P=0.05) 0.023 1.14 2.93

Fertilizer : Band placement of  10 kg nitrogen & 40
kg phosphate is recommended at the time of sowing

Weed Management : First hoeing & weeding is
recommended at one month crop stage. Second hoeing
& weeding may be done after 15-20 days of first hoeing
& weeding if required.

Irrigation : First irrigation may be given at 20 days
after sowing & second irrigation at pre-flowering stage.

Plant protection : (a) Bacterial blight : To control
bacterial blight  spray 100 ppm  streptocyclin, (b)
Powdery mildew : Broadcast sulphur @ 25 kg/ha or
spray Karathion @ 1 ml per litre water.

Harvesting & threshing : Generally crop may be
harvested up to October.

Green gram

Land preparation : Field may be prepared by 1-2
ploughing.

Varieties : RMG-62, RMG-268, RMG-344 & K-851
are important improved varieties of green gram.

Seed treatment : Treat seeds with 3 gm thiram or
0.5 gm Bavistin per kg seeds. Also treat seeds with
Rhizobium & PSB culture for improving seed yield.

Fertilizer : Use 10 kg nitrogen & 40 kg phosphorus
at the time of sowing. In sulphur deficient soil apply 20
kg sulphur per hectare.

Seed rate & crop geometry : Use 15-20 kg seed
per hectare. Keep crop geometry of 30 cm x 10 cm.

Weed Management : First hoeing & weeding is
recommended within one month of sowing. Fluchloralin
@ 0.750 kg a.i. per hectare as  pre plant  incorporation
is recommended for chemical weed control.

Plant Protection : (a) Aphid Jassids & white : For
the control of Aphid, Jassids & white fly spray
Melathion 50 EC or Dimethoate 30 EC @ 1.0 fly litre
per hectare or broadcast Melathion 5% dust @ 25 kg
per hetare, (b) Pod borer : Spray of Malathion 50 EC
or quinalphos 25 EC @ 1.0 litre or Carboryl 50% @
2.5 kg or Endosulfan @ 2.5 litre per hectare is
recommened at pre flowering & pod formation stage
to control pod borer attack, (c) Bacterial leaf spot : In
this disease small brown spots appear on leaves &
later on they spread on stems & pods. Spray
streptocyclin @ 1 gm in 10 litre water.
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Yellow vein mosaic : To control yellow vein mosaic
virus disease spray Dimethoate 30 EC  @ 1.0 litre per
hectare virus disease. Repeat spray if needed.

Powdery mildew : In this disease white powdery mass
is seen on leaves & stem. To control this disease spray
2.5 kg sulphax or Karathion @ 0.1%.

Web blight : Spray Bavistin @ 0.01% & repeat spray
after 15 days if required.

Harvesting : Picking of mature pods is very important
in green gram. Dry the pods at least for a week &
then thresh to collect seeds.

Mustard (Raya)

Land preparation : A fine seed bed is required to
ensure good germination. For a pure crop of mustard
the land should be  well prepared by 4-6 ploughings
followed by planking  after each ploughing. Incorporate
8-10  ton well rotten FYM per hectare.

Improved varieties : T-59 (Varuna), Pusa bold, RH-
30, PR-15 ( Kranti), Bio-902 (Pusa Jai Kisan) and
Laxmi are improved varieties of mustard (Raya).

Seed rate : Use 2.5 kg per hectare under irrigated
situation. Under rainfed/ dry land condition 4-5 kg seed
per hectare is required.  Keep row to row distance of
30 cm & plant to plant distance 10cm.

Sowing time : In irrigated situation sowing may be
completed up to 15th October to 30th October. Right
time of sowing of rainfed  mustard is from 15th

September to 15th October.

Fertilizer management : Under irrigated situation
60 kg nitrogen, 30-40 kg phosphorus is recommended.
250 kg gypsum may be incorporated at  one month
before sowing. Half dose of nitrogen and full dose of
phosphorus may be drilled at the time of sowing.
Remaining  amount of nitrogen may be broadcasted at
the time of first irrigation.

Irrigation : Provide first irrigation at 28-35 days stage
at pre-flowering stage & second irrigation at 70-80
days stage.

Weed  control : Weeds may be removed by hoeing
& weeding at 20-25 days of crop. To control weeds
through chemical  pre-plant incorporation of
fluchloralin @ 1.0 kg a.i. per hectare is suggested.

Plant protection : (a) Painted bug & sawfly : These
insects cause damage within 7-10 days of germination.
To control these insects broadcast endosulfan 4% or
quinalphos 1.5% or Melathion 5% or Methyl  Parathion
@ 20-25 kg/ha, (b) Diamond back Moth : Spray
quinalphos 25 EC @ 1.0 litre /ha, Aphids : To control
aphids either broadcast Methyl Parathon 2% or
Melathion 5% or Carboryl 5% @ 25 kg/ha or spray
endosulfan 35 EC or Melathion 50 EC @ 1.25 litre /
ha, (d) Blight, Downey mildew : Spray Blitox-50 or
Mencozeb @ 2.0 kg/ha & white rust.

Contingency planning

Cluster bean

Late onset of Monsoon

(a) If irrigation facility available then irrigate the field
(Pre-sowing irrigation) then start sowing of crop.

(b) Use short duration variety of crop.

Prolonged gap between monsoon rains

(a) Remove alternate rows

(b) Use crop mulching

(c) Use transpiration retardants like  PMA

(d) Give life saving irrigation if possibnle

Green gram

Late onset of Monsoon

Sowing of short duration varieties of green gram
like K-851 (60-80 days), RMG-62 (65-70 days),
RMG-268 (65-70 days)

Prolonged gap between monsoon rains

(a) Remove alternate row

(b) Use mulch

(c) Give life saving irrigation at  critical growth stage
if possible.

Mustard

(i) Re-sowing in case of improper plant stand.

(ii) Adoption of timely plant protection measures for
protection against frost

(a) Provide light irrigation
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(b) Spray of dilute sulphuric acid (0.1%) or Thiourea
(500 ppm) at pre flowering stage.

Onion

Adequate adoption of plant protection measures
against Thrips, root rot, terminate & blight disease.
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SUB-HUMID SOUTHERN PLAIN ZONE OF
RAJASTHAN*

Rajasthan is the largest state of India with a
geographical area of 342 m ha, which represents
10.41% land area of country.  Agro-climatic zone V of
Rajasthan is known as “Humid South Eastern Plain”
falls in south eastern part of the state. It covers a
geographical area of 26.43 lakh ha which is 7.71 per
cent of the total geographical area of the state. It
includes all tehsils of Kota, Bundi, Baran, Jhalawar
districts and two tehsils namely Khandar and Sawai
Madhopur of Sawai Madhopur district

Soybean-wheat system is the most predominant
cropping system of the zone.This system occupies about
3.0 lac hectare. The soybean grown during kharif
season has most appropriate climatic adaptation and
has replaced sorghum and blackgram due to its high
market value from last two decades .The Kota region
is strengthened with 2-3 large oil mills, exporting oil
cakes. This crop being most remunerative  in this zone
has wider scope for its cultivation but, on account of
continuous cropping from last two decades the
epidemics of pests like girdle beetle, tobacco caterpillar
and diseases like charcoal rot and yellow vain mosaic
virus  have become a matter of great concern.

Production potential and yield gaps

There is a wide gap between the yields realized in
the experimental field and average yield of the zone in
respective crops (Table 1). Data presented in the table-
2 revealed that soybean occupied the largest area in
the zone followed by maize and blackgram in kharif
season. During winter season, the spread of the crops
were in the tune of wheat, mustard and coriander,
respectively. It is evident from the table-3, that crop
yield index of the locality is 135.7 percent means that
farmers of the area are obtaining higher yield as

Table 1: Production potential and, yield gaps of the major
crops in the zone

S. Crops Maximum Average of Yield
No. Yield the zone gap

(Kg/ha) (Kg/ha) (%)

1 Soybean 2022 953 52.9

2 wheat 4565 2491 45.43

3 Coriander 2200 1155 47.5

4 Mustard 2600 1152 55.70

5 Maize 2825 1389 50.83

Source:* Vital Agricultural statistics, 2004-05, **Annual report,
Agriculture Research Station,Kota

* * * * *



Central Plateau Hills Region

153

Table 2. Percent spread of the cropped area of different
crops in Zone V

             Kharif                   Rabi

Crop Area (%) Crop Area (%)

Jowar 2.15 Wheat 42.0

Maize 11.28 Barley 0.21

Paddy 3.35 Gram 5.21

Urd 4.10 Other rabi pulses 0.90

Soybean 70.55 Mustard 25.67

Sesame 3.35 Taramira 0.16

Linseed 0.03

Coriander 21.80

Fodder 0.47

Others 3.55

Source: Revenue record of the zone, 2007-08

comparison to average yield of the locality  on the basis
of survey of the zone.

Efficient alternative cropping systems

Selection of alternative efficient systems are based
on the basis of highest yield obtained from the
experimental trials conducted during last five years at
Agricultural Research Station, Kota (Table-1) as a
mono or in the system based field experiments.

On the basis of table -4 following cropping system
are identified as efficient alternative systems as
compared to existing predominant cropping system i.e.
soybean-wheat system.

1. Soybean-Onion-The Soybean-Onion system
expresses the highest B: C ratio (4.31) as well as
net return (Rs.163348/ha). This system will be
successful where sufficient irrigation is available.
During winters, wheat can be replaced with onion.
The raising of seedlings of onion, 30-45 days before
harvesting of soybean at well protected and
irrigated place will cut short crop duration of onion
in the field resulting in enhance farm income
positively. The cultivation of onion will promote
the inclusion of horticultural crop in the system.
Being cash crop, it will be beneficial in increasing
their income and employment.

2. Blackgram-Mustard/wheat-This system will be
beneficial where, irrigation facility is limited. This
crop rotation will avoid cultivation of continuous
cropping of soybean-wheat system and minimizing
the hazards of buildup of paste complex etc.
Further, it will replace Fallow-mustard system and
avoid the risk of delayed sowing of mustard crop.
It will be beneficial to improve soil health and
increase the farmer’s income with low fertility
requirement i.e. low input cost. The cultivation of
mustard will also fulfill the requirement of oil
production from mustard in place of soybean in
the zone.

Table 3. Crop Yield Index of the locality

Crop Average yield (kg/ha) Area of crop in Crop yield on farm Percent X area
hectare(Farm X) X as a % of locality

Zone V Farm  (X)

Soybean 953 1325 6.0 139 834

Maize 1389 1750 2.0 126 252

Wheat 2491 3500 5.0 141 705

Mustard 1152 1550 3.0 134 402

Coriander1155 1450 2.0 125 250

Total - - 18.0 - 2443

Farm(X)=Average of the10 progressive farmers of the locality,  Crop yield index= 2443/18=135.7% (Johl and Kapoor, 1973)
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Package of Practices

The package of practices for crops included in the
efficient alternative cropping system are discussed here.

Soybean

Soil and climate

Soybean is suitable for well drain loamy to clay
loam soils, it grows well in the area where rainfall varied
in between 750 to 1250 MM.

Varieties

1. PK 472: this variety matures in 105-110 days.
The seed are bold, smooth and yellow contents
41% protein and 20% oil. It is tolerant to pod
shattering and resistant to yellow mosaic virus and
bacterial pustules, its yield potential is 32-35  q/ha

2. JS-335: It matures in 95-100 days, the seeds are
yellow in colour and medium in size, it is resistant
to pod blight, its yield potential us 25-30 q/ha.

3. MACS-450:  It matures in 95-100 days, the seeds
are yellow in colour and small in size, it is resistant
to girdle beetle, its yield potential us 25-30 q/ha.

4. NRC- 37 :  It matures in 90-95 days, the seeds
are yellow in colour and small in size, it is resistant
to viral diseases, its yield potential us 25-30 q/ha
and 17-18% oil.

5. JS 93-05 :  It matures in 85-90 days, the seeds
are yellow in colour and medium in size, it is resistant
to viral diseases, its yield potential us 25-30 q/ha.

6. Pratap Soya-1 :  It matures in 90-95 days, the
seeds are yellow in colour and medium in size, it is
resistant to girdle beetle & tobacco caterpiller, its
yield potential us 25-30 q/ha and 18-20% oil.

7. MAUS-81 :  It matures in 100-105 days, the seeds
are yellow in colour and medium in size, it is resistant
to girdle beetle, its yield potential us 25-30 q/ha.

8. RKS-18 (Pratap Soya-2) :  It matures in 90-95
days, the seeds are yellow in colour and medium
in size, it is resistant to girdle beetle & tobacco
caterpiller, its yield potential us 25-30 q/ha and 18-
20% oil.

Field preparation

It is suitable for clay loam and well drain soil,
summer ploughing with  disk plough followed by
cultivator and planker. Addition of 10 t well rotton FYM
should be incorporated with 25 kg Zinc sulphate/ha  is
desirable.

Seed and seed treatment

80-100 kg/ha seed is sufficient for sowing for 1 ha
hectare, seed dressing with 3 gm thiram or 1 gm

Table 4. Economic evaluation of the potential cropping sequences

Sequences Soybean equivalent yield (kg/ha) Annual cost of Net Return (Rs./ha) B: C Ratio (Net)
cultivation (Rs./ha)

Kharif Rabi Total

Soybean-Wheat 20.22 34.13 54.35 32500 54460 1.68

Maize-Wheat 14.13 34.13 4826 30500 46716 1.53

Maize- Mustard 14.13 30.50 44.63 22000 49408 2.24

Soybean-Onion 20.22 105.56 125.78(I) 37900 163348 4.31 (I)

Blackgram- Mustard 29.06 30.50 59.56(II) 20000 75296 3.76 (II)

Blackgram-wheat 29.06 34.13 63.19 28500 72541 2.54 (III)

Sale rate(Rs./q): Soybean=1600, Maize= 800, Wheat= 1200, Mustard= 2000, Onion= 600, Blackgram=3000.
*Highest Yield data of the respective crops in sequences as well as sole crop obtained from the experiments conducted during last five years
at the Agriculture Research Station.
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carbendizem is beneficial. Treatment with rhizobium
culture and PSB sultiure will save 10 kg nitrogen  and
20kg phosphate respectively.

Sowing

Sowing of soybean can be done from 15th June, if
irrigation facility is available, otherwise sowing will be
initiated  with the onset of rainfall with the row spacing
of 30-45 cm and plant to plant spacing of 10-15 cm be
kept

Fertilizer

20 kg nitrogen and 40 kg phosphorus and potash
should be incorporated during drilling

Water Management

During kharif season soybean crop generally dies
not require nay irrigation. However, there is a long
spell of drought at the time of pod filling irrigation would
be desirable. During excessive rains proper drainage
is desirable.

Weed control

Fluchlorin / trifluchlorin @ 1 kg with 500 to 600
water should be sprayed before last field preparation.
Sethosidin @ ½ kg/ha can be sprayed to the crop after
25 days after emergence. Propaquizalofop  @ 50 gm/
ha can be sprayed after 15-20 days of emergence.

For the control of broad leaved weeds, application
of chlorimuron methyl @ 9.37 g/ha can be done 10-15
days after emergence. Imazathpyr 75gm/ha can be
sprayed after 15-20 days emergence.

Control measures for insect pests

Plant hopper :  Application of methyal parathion (2%)
or melathion (5%) dust @ 25 kg/ha

Girdle beetle :  Fenthion / dimethoate / endosulfan
35 EC / monocrotophos 36 SL @ 600-1000 ml/ha.

Hairy caterpillar :  Dusting of Quinalphos (1.5%) or
endosulfan (4%) or methyal parathion (2%) 25 kg/ha.
Forate 10G @ 15 kg/ha and spray of endosulfan 356
EC/ha will control all the pests.

Green semilooper :  Triazophos 40 EC @ 800 ml/ha
be sprayed 25-40 days after sowing. Spray of B.T. @
1 lit/ha be sprayed after 15 days of endosulfan.

Control measures for diseases

Mosaic : Application of steptocycline @ 2gm in 20
litre water should be repeated after 15 days. Application
of steptocycline + 1 kg copper oxi-chloride 50%  @
100g/ha

Microplasma :  Spraying of dimethoayte / methyl
demiton @ 500 ml in 500 litre water  should be sprayed
in one ha.

Leaf blight : Two sprays of carbendazim 50 WPK
0.05% at the interval of 15 days.

Maize

Soil and climate : Maize is suitable for well drain
loamy to clay loam soils.

Varieties

1. Ganga Safed -2 :  It is white seeded. Plant height
170-200 cm, duration 115 -120 days, yield 45-55 q/
ha.

2. Ganga hybrid -5 - :  It is yellow seeded. Plant
height 170-180 cm, duration 100-115 days, yield
40-50 q/ha.

3. Composite agati -76 - :  It is yellow seeded.
Plant height 150-185 cm, duration 85-95 days, yield
30-40 q/ha.

4. Composite Navjoyt - :  It is yellow seeded,
duration 85 days, yield 30-35 q/ha.

5. PEHM-2 - :  It is yellow seeded, duration 80-90
days, yield 30-35 q/ha.

6. Pratap Hybrid Maize-1 - :  It is white seeded.
duration 80-85 days, yield 30-35 q/ha.

7. Pratap Makka-3 - :  It is white seeded. duration
80-85 days, yield 25-30 q/ha, suitable for low rainfall
area.

8. Pratap Makka-5 - :  It is white seeded. duration
90-95 days, yield 35-40 q/ha
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Field preparation

Maize requires a well pulverized but compact seed
bed for good and uniform germination. Deep ploughing
followed by 2-3 harrowing   should be done. Planking
should be done after each harrowing after pre-sowing
irrigation.

Seed and seed treatment

 20-25 kg/ha seed is sufficient for sowing.Seed
dressing with 3 gm thiram or 1 gm carbendizem is
beneficial.

Fertilizer

Incorporation of 10-20 t FYM with 60-90 kg
Nitrogen, 30 kg Phosphorus and 20 kg potash/ha in
irrigated situation and nitrogen up to 30-45 kg 15 kg
phosphorus may be given during unirrigated situation,
50% nitrogen and full phosphate dose will be applied
as basal and rest 50% nitrogen will be applied 30 days
after sowing and initiation of tassel.

Irrigation

Two irrigation are required under irrigated situation,
first irrigation at 30 days and at tessling second irrigation
is given.

Weed control

Crop should be kept weed free up to 20-30 days
after sowing. Application of 0.5kg Atrazine in 600 liter
water should be sprayed emergence  of the crop to
control weed chemically.

Control measures for insect pests

1. Stem borer :  Endosulfan 35 EC @ 1.25 liter,
forate 10% / carbofurin 3% granuals @ 5-7.5 kg/
ha  in  leaf whorls.

2. Aphid : Spray of  methyl dematon 25 EC  @ 1
liter in 600 liter water/ha

Control measures of diseases

1. Downy mildew : Crop should be sown between
15-20 June to avoid downy mildew and rougue out
the infested plants.

2. Leaf spot : 2 spray of mancozeb @ 1-2.5 liter/ha
at the interval of 10-12 days

Blackgram

Soil and climate : Blackgram  is suitable for well
drain loamy to clay loam soils.

Varieties

1. Krishna : Medium size plant. 90-110 days , yield
10-12 q/ha

2. T-9 : Medium size plant. Small grain, 80-90 days ,
yield 8-10 q/ha

3. Pant U-19 : Medium size plant. Small grain, 80-
90 days , yield 10-12 q/ha

4. RBU -38 : Medium size plant. Bold seeded, 70-
80 days , yield 10-12 q/ha

Field preparation

Blackgram requires a well pulveriesed but compact
seed bed for good and uniform germination. Deep
ploughing followed by 2-3 harrowing   should be done.
Planking should be done after each harrowing after
pre-sowing irrigation.

Seed and seed treatment

15-20 kg/ha seed is sufficient for sowing, it is
advised to sown at 30 cm plant to plant distance. Seed
dressing with 3 gm thiram or 1 gm carbendizem is
beneficial.

Fertilizer : 20 kg Nitrogen, 40kg Phosphorus

Irrigation : 1 irrigation are required under delayed
rains at pre flowering stage.

Weed control : 2 liter alachlore in 600liter water/ha
should be sprayed prior to emergence of the crop.

Control measures for insect pests :

Pod borer :  monocrotophos 36 WSL or melathion 50
EC, quinalphos 25 EC @ 1 lit./ha

Control measures of diseases :

Mosaic :  application of 20gm steptocycline or 2 kg
qupric fungicide/ha



Central Plateau Hills Region

157

Mustard

Soil and climate : Mustard is suitable for well drain
loamy to clay loam soils.

Varieties

1. PR 15 (Kranti) :  Suitable for irrigated and
unirrigated situation, plant height 155-200 cm,
duration -125-135 days, yield 15-18 q/ha, oil content
-40%

2. RH-30 :  Suitable for irrigated and unirrigated
situation, plant height -196 cm, duration -130 to135
days, yield -15-20 q/ha

3. T-59 :  Suitable for irrigated and unirrigated
situation, plant height -medium, duration -125-140
days, yield- 15-18 q/ha, oil content- 36%

4. Pusa Bold  :  Suitable for irrigated and unirrigated
situation, plant height- medium, duration -130-140
days, yield- 12-15 q/ha, oil content- 38%

5. Bio-902  :  Suitable for irrigated and unirrigated
situation, plant height- 160-180cm, duration -130-
140 days, yield- 18-20 q/ha, oil content -38-40%

6. Vasundhara (RH-9304)  :  Suitable for irrigated
and unirrigated situation, plant height -180-190 cm,
duration -130-135 days, yield -25-27 q/ha, moderate
resistant to white rust.

7. Aravali (RN 393)  :  Suitable for irrigated and
unirrigated situation, plant height -155-168 cm,
duration -135-138 days, yield- 22-25 q/ha, oil
content- 42% moderate resistant to white rust.

8. Swarn jyoti (RH 9808)  :  Late sown, suitable
for irrigated situation, plant height -130-140 cm,
duration -130-135 days, yield- 13-15 q/ha, oil
content -39-42% moderate resistant to white rust.

9. Aashirwad  (RK 01-03)  :  Late sown, suitable
for irrigated situation, plant height- 130-140 cm,
duration -120-130 days, yield -13-15 q/ha, oil
content -39-42% moderate resistant to frost.

Field preparation

Mustard requires a well pulveriesed but compact
seed bed for good and uniform germination. Deep

ploughing followed by 2-3 harrowing   should be done.
Planking should be done after each harrowing after
pre-sowing irrigation.

Seed and seed treatment

4-5 kg/ha sed is required for unirrigated and 3-4
kg/ha for irrigated situation.Seed dressing with 3 gm
thiram or 1 gm carbendizem is beneficial. Spacing 30-
45 cm row to row and 10cm  plant to plant is desirable

Fertilizer

Incorporation of 8-10t  FYM with 80 kg Nitrogen,
40 kg Phosphorus and 375 kg  gypsum /ha in  irrigated
situation. Full phosphate dose will be applied as basal
and rest 50% nitrogen will be applied 1st irrigation.

Irrigation

Apply 1st irrigation at 30-40 days at flower initiation
and 2nd irrigation at 70-80 days after sowing.

Weed control

1. Fluchlorlin @ 1 lit/ha to control wild onion.

Control measures for insect pests

1. Painted bug & saw fly : Spray of endosulfan
4%, quinalphos 1.5% /ha

2. Aphids :  dusting of methyl parathion 2% or
melathion 5%  @ 20-25 kg/ha, spray of endoculfan
35 EC @ 1.25 lit or dimathoate 30 EC 875 ml/ha,
the spray should be repeated after 15 days if
required.

Control measures of diseases

1. Powdery mildew : Dusting of sulphur powder @
20 kg/ha  or sprays of wetable sulphur @ 750 ml/lit.

2. Blight / downy mildew / white rust :  Spray of
1.5 kg mancozeb/ha, should be repeated at 20 days
interval.  Seed treatment with  Apron 35 SD @ 30
gm/kg seed

Onion

Promissing varieties

1. Pusa Red-Bulbs medium, Av.wt 70-90gm, bronze
in colour, flat to globular shape, less pungent, less
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bolting, good keeping quality. Maturity 125-140 days
after transplant.

2. Pusa white round-300 q/ha-Bulbs are white and
roundish flat with TSS 12-13%. Suitable for
dehydration.

3. Pusa white flat-Bulbs are white ,flat, medium to
large in size with TSS 12-14%. Suitable for
dehydration.

4. N-53 -It is very popular for growing during kharif
season all over the country. Bulbs are flattish round
in shape, red in colour, medium to large in size and
mildly pungent. TSS is 11-12%. Poor keeping
quality. Ready for harvest in 90-100 days after
transplanting. Average yield is 25 t/ha. Suitable for
export purpose.

5. Udaipur 101-Bulbs are deep red, flattish globular
sweet with less pungency. TSS is 12-14%. Plants
mature in 150-160 days from sowing. Average
yield is 20-30 t/ha.

6. Udaipur 103- The bulbs are red but lighter than
Udaipur 101, oblate globular in shape, sweet but
slightly more pungent. TSS 10.5-13%. Plants
mature in 150-165 days after sowing. Average yield
is 25-30 t/ha.

7. Udaipur-102-The bulbs are white of good quality
characters having resistance to major disease like
purple blotch.

8. RO 1-Has good quality characteristics, disease
resistant, low bolting ability and excellent storage
life.  Higher degree of resistance to purple blotch
and stem phyllium blight disease.

9. RO 59- Higher bulb yield, resistant to purple
blotch, bulbs are medium sized, dark red and mild
pungent preferred for salad as well as for
flavouring and seasoning the food. Has better
keeping quality.

Nursery bed preparation

Onion seeds are sown on raised nursery beds to
raise seedlings for transplanting in the field. Raised
beds of size 3 x 0.6 m and 10-15 cm in height are
prepared. About 70 cm distance is kept between two

beds to carry out operations of watering, weeding, etc.
The surface of beds should be smooth and well leveled.
Raised beds are necessary to avoid problem of water
logging in heavy soils.  To avoid mortality of seedlings
due to damping off, drenching of the beds with Bavistin
(15-20 g/10 litres of water) is effective.

Raising of seedlings

In case of common big onion, 8-10 kg seeds are
sufficient for raising nursery required to plant one
hectare. Thus 100-110 beds of size 3 x 0.6m would be
required for sowing 8-10 kg seeds. Prior to sowing
seeds are treated with fungal culture of trichoderma
viride (4 g/ kg of seed) or Thiram (2g/kg of seed) to
avoid damage from damping-off disease. Sowing
should be done thinly in lines spaced at 5-7 The sowing
and transplanting time are as follows-

Kharif May-June July-August

Late Kharif or early Rabi August-September
September-October

Rabi November-December December-January

Seeds are sown at a depth of 2-3 cm and covered
with a fine layer of soil followed by light watering by
water can. The beds should then be covered with dry
straw or grass or sugarcane leaves to maintain required
temperature and moisture. The watering should be done
by water can as per the need till germination is
completed. The cover of dry straw or grass is removed
immediately after germination is complete. The
seedlings are ready for transplanting within 6-7 weeks
of planting for kharif and 8-9 weeks old for rabi.

Diseases of onion

Damping-off

The disease is more prevalent during kharif season
and causes about 60-75% damage. High soil, moisture
and moderate temperature along with high humidity
especially in the rainy season leads to the development
of the disease. Two types of symptoms are observed-

Pre-emergence damping-off: The pre-emergence
damping off results in seed and seedling rot before
these emerge out of the soil.
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Post-emergence damping-off: The pathogen attacks
the collar region of seedlings on the surface of soil.
The collar portion rots and ultimately the seedlings
collapse and die.

Control: Healthy seed should be selected for sowing.
The seed should be treated with Thiram @ 2g/kg of
seed before sowing. Continuous raising of nursery in
the same plot should be avoided. The topsoil of nursery
should be treated with Thiram @ 5g/m2 area of the
soil and nursery should be drenched with the same
chemical @ 2g/litre of water at fortnightly interval.
Soil solarization by spreading 250 gauge polythene sheet
over the bed for 30 days before sowing and application
of bio-control agent Trichoderma viride in soil @ 1.2kg/
ha is also found effective to control damping-off to
considerable extent.

Purple blotch

It is an important disease prevalent in all the onion
growing areas. Hot and humid climate with temperature
ranging from 21-30°C and relative humidity (80-90%)
favour the development of the disease. It is more
common in kharif season. The symptoms occur on
leaves and flower stalks as small, sunken, whitish
flecks with purple coloured centres. The lesions may
girdle leaves/stalk and cause their drooping. The
infected plants fail to develop bulbs .The intensity of
disease varies from season to season.

Control: Use of healthy seeds for planting and crop
rotation of 2-3 years with non-related crops checks
the disease. Spraying Mancozeb (0.25%) or
Chlorothalonil (0.2%) or Iprodione (0.25%) after one
month from transplanting at fortnightly interval reduces
the disease incidence. The sticker triton/sandovit should
also be mixed in spray solution.

Stemphylium blight

The Stemphyliium blight is a serious problem in
Northern parts of the country especially in the seed
crop. This disease is very common on onion leaves
and flower stalks. Infection occur on radial leaves of
transplanted seedlings at 3-4 leaf stage during late
March and early April. The symptoms appear as small
yellowish to orange flecks or streaks in the middle of
the leaves, which soon develop into elongated spindle

shaped spots surrounded by pinkish margin. The
disease appearing on the inflorescence stalk causes
severe damage to the seed crop.

Control: Field sanitation and collecting and burning
of crop residues minimizes the spread of infection.
Spraying Mancozeb (0.25%) along with
Monocrotophos (0.05%) with sticker triton on
appearance of disease at fortnightly interval controls
the disease.

Basal rot

The disease incidence is more in the area where
onion crop is grown continuously. A moderate
temperature of 22-28°C favors disease development.
Initially yellowing of leaves and stunted growth of plant
is observed and later on, the leaves dry from tip
downwards. In early stage of infection, the roots of
the plants become pink in colour and rotting take place
later. In advanced stage, the bulb starts decaying from
lower ends and ultimately whole plant die.

Control: Since the pathogen is soil borne, it is
difficult to control disease. Mixed cropping and crop
rotation reduce the incidence of disease. Soil
solarization by spreading polythene sheet of 250 guage
in summer season for 30 days reduces the infectious
propagules, which in turn reduces the disease. Seed
treatment with Thiram (2 g/kg of seed) and soil
application of Carbendazim, Thiophanate Methyl
(Topsin-M) or Benomyl @ 0.1% is effective in the
controlling the disease. Seedling dip in Carbendazim
(0.1%) or with antagonist viz. Pseudomonas cepacis,
and Trichoderma viride significantly reduces the basal
rot in onion crop.

Downy mildew

The disease is worst in damp conditions and late
planting of the crop, application of higher doses of
fertilizers and numerous irrigation increased disease
severity. Symptoms appear on the surface of leaves
or flower stalk as violet growth of fungus, which later
becomes pale greenish yellow and finally the leaves or
seed stalks collapse.

Control: For managing the disease effectively, onion
bulbs meant for seed crop should be exposed to sun
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for 12 days to destroy the fungus. Spraying with Zineb
(0.2%), Karathane (0.1%) or Tridemorph (0.1%) also
gives good control of the disease.

Pests of onion

Onion thrips

Thrips are the most important insect pests on
onions. Adults are yellowish to yellowish brown with
narrow wings. Eggs are laid in clusters in leaf tissues.
Numerous nymphs and adults are observed between
leaf sheaths and stems lacerating the epidermis of
leaves and sucking the exuding cell sap. The affected
leaves show silvery blotches which later turn into
brownish colour. The leaves get distorted from tips
downwards and plant ultimately wilt and dry away.
Seedlings are killed due to heavy infestation and the
plant growth is retarded. The shape and size of bulbs
as well as yield is affected by thrips.

Control: Soil application of Phorate or Carbofuran
granules (1kg a.i./ha) is also recommended. Alternate
spraying of 0.07% Endosulphan (2ml/litre of water),
or 0.07% Nuvacron (2ml/litre of water) or 0.01%
Cypermethrin (1ml/litre of water) along with a sticker
(Triton or Sandovit) at fortnightly intervals controls the
insect.

Head borer

The head borer is a serious pest of onion seed
crop in Northern India. The larva of this insect cuts
the pedicel of the flower and feeds on the stalk. Single
larva damages many flower stalks. The fully-grown
larva is greenish with dark brown grey lines along the
side of body and measures about 35-45 mm in length.

Control: Spraying Endosulfan (2-3 ml/litre of water)
along with sticker (Triton/ Sandovit) is recommended
to control the insect.

Onion Maggot

The adults of die insect appear like housefly. The
flies lay their eggs on old leaves or on soil and

larvaenters into soil and damage disc portion of onion
bulb. Infested plants turn yellowish brown and finally
dry up. The affected bulbs rot in storage.

Control: Regular crop rotation should be followed and
Thimet should be applied in the soil before transplanting.

Cutworms

The larvae of this insect are seen in nursery beds
and newly transplanted onion fields. The tender plants
are found damped at ground level during the night Young
larvae feed gregariously on foliage but later segregate
and enter into soil. Young larvae are yellowish grey
and later on become brown, greasy to touch and coil
when disturbed. They cut the seedlings at ground level
during night and hide during day.

Control: Soil application of Carbofuran (1kg a.i./ha)
at the time of planting is recommended. Chlorpyriphos
(5ml/litre of water) also gives good control of this pest.

Contingency planning

Adopt maize-mustard system during high rainfall
season or the areas where the rainfall recedes late
and harvested/matured soybean gets damaged due to
rain. This will avoid cultivation of continuous cropping
of soybean-wheat system and minimizing the hazards
of buildup of paste complex etc. Further, farmers
growing Fallow-mustard system for timely sowing of
mustard crop will get an additional crop of maize with
low fertility requirement i.e. low input cost.
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* Contributed by V.B. Upadhyay, Nisha Mehra and S.K. Vishwakarma, AICRP on Cropping System, Department of Agronomy, JNKVV,
Jabalpur

KAYMORE PLATEAU AND SATPURA HILL

ZONE OF MADHYA PRADESH*

The main centre at Jabalpur and sub centre Rewa
lies in Kymore plateau and Satpura hills zone.
Jabalpur centre directly represents the farming
situations of Jabalpur, Katni, Seoni, Balaghat, Dindori
and Mandla districts of M.P.  Nearly 20% arable lands
of the zone are Haveli lands, where rainwater is
impounded in low lying or bunded fields during rainy
season, which is subsequently drained out from the
fields after termination of rainfall or  by middle of
October and then Rabi crops are grown on residual
soil moisture. In these areas mono cropping is
prevalent. In unbunded uplands, rice – chickpea / pea
/ linseed or soybean-chickpea or rice-wheat cropping
systems are practiced under rainfed conditions.  Land
preparation during Kharif season is very difficult in
this zone because of heavy textured soils coupled with
continuous and high rainfall in the beginning of
monsoon.  Sometimes, cultivation of crops during
Kharif season is restricted in several pockets due to
this constraint.  Soybean has been introduced in some

pockets particularly by dismantling the bunds in
‘Haveli’ areas, which poses serious problem of crop
failure during Kharif season and depletion of
groundwater table for irrigation. Millet based cropping
systems are practiced in the areas having lighter and
undulating topography. The farmers have small and
marginal sized land holdings.

Production potential and yield gaps

On comparision of yield level of experimental field
and district average a very wide yield gap was
observed in the region (Table 1). Further, it can be
concluded that if suitable crops and their varieties and
required facilities provided to farmers they can harvest
higher yield potential.

The experiment was conducted with ten  cropping
sequences (Table 2) to identify efficient cropping
systems as an alternatives to the existing cropping
systems i.e. rice-wheat and rice – chickpea.

Efficient alternative cropping systems

On the bases of mean of five year yield data, rice
– potato-wheat crop sequence was identified to be the

Table 1.  Average yield (q/ha) of different crops in experimental area and district during last five years
(2001-02 to 2005-06)

S. No. Name 2001-02 2002-03 2003-04 2004-05 2005-06
of Crop Ex.YP DYP Ex.YP DYP Ex.YP DYP Ex.YP DYP Ex.YP DYP

1 Rice 60.63 10.05 51.74 8.46 74.89 12.27 72.71 11.78 64.45 9.41

2 Wheat 39.31 16.91 67.32 15.20 68.49 19.13 65.51 19.09 60.15 22.43

3 Berseem 510.80 - 486.00 - 980.00 - 825.11 - 730.46 -
(Fodder)

4 Berseem 5.62 - 4.84 - 3.96 - 5.26 - 4.98 -
(Seed)

5 Chick pea - 9.44 21.89 6.94 22.79 9.32 17.80 10.52 21.38 10.27

6 Toria 8.28 9.09 9.21 6.50 1.79 10.09 3.54 10.25 5.70 11.14

7 Veg. Pea 42.71 4.72 39.75 4.01 28.73 4.83 50.03 5.60 40.30 5.68

8 Potato - - 233.00 - 255.62 - 245.34 - 244.65 -

Source:

ØArea, Production and yield of major crops in Madhya Pradesh, 1999-2000  to 2003-04

ØAgriculture statistics of Madhya Pradesh  and Gwalior
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Table 2. Productivity of different crop-sequences at Jabalpur (2001-02 to 2005-06)

Tr. No. Crop-sequences Mean grain yield (q/ha) WEY**

Kharif Rabi Kharif Rabi (q/ha)

I (Timely) II (Late) I II

T
1

Rice (Kranti) Wheat(kanchan) - 60.54 45.58 90.98

T
2

Rice (Kranti) Chickpea (JG – 315) - 60.72 14.55 72.82

T
3

GM-Rice(Kranti) Wheat(kanchan) 62.66 47.33 94.72

T
4

Rice (Kranti) Berseem (JB-5) fodder Berseem  seed 60.22 621.2 3.60 110.99

T
5

Rice(IR-36) Berseem (JB-5) fodder Berseem  seed 45.29 787.5 3.31 108.00

T
6

Green manure-Rice Chickpea (JG – 315) 64.25 14.80 75.94
(Kranti)

T
7

Rice (Kranti) Chick Pea + Mustard 60.06 8.87+5.20 71.42
(Pusa Bold) (4:1 rows)

T
8

Rice(IR-36) Toria (JT-1) Wheat (Lok-1) 44.56 12.18 35.90 92.16

T
9

Rice(IR-36) Veg. Pea (Arkel) Wheat (Lok-1) 45.62 39.80 37.60 96.69

T
10

Rice(IR-36) Potato (K. Sinduri) Wheat (Lok-1) 44.94 106.10 38.20 111.69

Table 3. Procuction efficiency and water use efficiency
of different crop- sequences at Jabalpur

(2001-02 to 2005-06)

Tr. System WUE NMR B:C
No. productivity Kg/ha/cm (Rs/ha) Ratio

kg/ha/day

T1 36.54 66.89 48784 3.03
T2 29.36 54.75 36256 2.65
T3 32.77 69.26 50776 3.03
T4 36.03 79.85 63792 3.55
T5 35.29 77.70 60900 3.39
T6 26.37 56.80 37752 2.64
T7 28.80 53.70 35136 2.60
T8 30.02 66.68 47728 2.83
T9 31.49 69.96 49352 2.76
T10 36.38 80.82 57352 2.79

Cost of rice, wheat, mustard/toria, chick pea, berseem seed, berseed
fodder, veg. Pea and potato is Rs. 550,600,1400,1400,4000,25,400
and 250 /q respectively.   GM (green Manuring )- sun hemp

best cropping sequence in term of WEY (11.16 t/
ha)followed by rice-berseem (fodder + seed) (10.09
t/ha and rice-veg.pea-wheat (9.66t/ha) in the order of
merit (Table 2 & 3).

Package of Practices

The package of practices for potential crops as
identified for the efficient cropping systems are detailed
in table 4. These packages can be adopted for
achieving higher yields.

Contingent planning

Madhya Pradesh have a variety of agro-climatic
conditions. No doubt this favours the variety of
cropping systems but it also allows the attack of insect,
pest and diseases. In other hand aberrant weather
conditions also plays major role for decreasing the
yield, so in these conditions, farmer can go for catch
crops which will be of short durations, low water
requirement and having higher economic value to the
farmers such as pulse like moong, urd, moth bean,
cowpea etc and medicinal crops like chandsor.
Isabagol, Karayal, ajmod , ajwain etc.
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CENTRAL NARMADA VALLEY ZONE*

The Powarkheda centre of cropping system
research programe represent Central Narmada Valley
Zone of M.P. Soybean in kharif is the dominating
crop. Pigeonpea, sorghum and other pulses of kharif
are becoming less profitable than soybean. During
Rabi gram and wheat under semi-irrigated and
irrigated areas are important crop. Soybean – gram,
soybean – wheat are the predominant cropping system
and became most popular amongs farmers and widely
adopted cropping system in the zone. It helped to
increase the productivity and profitability and net return
per rupees investment of the farmers. The main reason
for adopting predominant cropping is less cost of
cultivation specially growing soybean gram crop and
more net return as compared to rice, sugarcane, potato
etc.

Production potential and yield gaps

At powarkheda during 2003 – 04 maximum
production was obtained 33 q/ha for soybean (JS 335)
which was the highest ever at the research station.
Whereas, average yield of the zone/district hardly is
10 q/ha. This shows more than 300% yield gaps. The
reason for getting good yield rainfall was normal as
per the crop requirement as well as inscet and pest
attack was moderate. Disease like yellow mosaic was
also at minimum level. Crop was not suffered due to

moisture stress at the time of pod formation which
ultimately favour for good production for that
particular year of the kharif.

Efficient alternative cropping system
On the basis of CSR experiments two most

alternative cropping system for the Central Narmada
Valley Zone as identified are detailed in Table 1.

Cultivators of this zone by and large are
economically poor and socially backward. Illiteracy is
another constraint mainly limiting adoption of the latest
technology. Non remunerative prices copules with cost
of input are chronic problems faced by the cultivators
institutional credit flow is comparatively low when
compared to the rest of the state marketing facilities
are ill developed. All these constraints put together pull
down the prospects of productivity and ultimately total
production in the zone.

Package of practices

The package of practices for selected crops of
the efficient alternative systems are discussed here.

Soybean

Field preparation: For taking good production
soil should be well drained. Acidic and salinity soils
are not good for its cultivation. Deep ploughing should
be done in summer season before the sowing of the
crop. After deep ploughing field preparation should be
done by cross disc harrow.

Table 1. Efficient alternative cropping systems for Central Narmada Valley Zone

Systems Mean grain yield (q/ha) SEY NMR B:C

Kharif                      Rabi q/ha Rs./ha ratio

I II

Soybean–pea–sugarcane 13.10 - 1170.10 110.60 1,29080 2.84

Soybean – potato – okra 13.55 246.00 1.59 82.57 93626 2.70

gratefully acknowledged for providing financial
supports and technical guidelines to conduct the
research on cropping systems aspects for Madhya
Pradesh.

* * * * *



Central Plateau Hills Region

165

Sowing time: Best period for soybean sowing is
last week of June to 1st week of July. After that yield
reduction was observed.

Selection of varieties

The most promising varieties as identified Central
Narmada Valley Zone of M.P. are detailed in table 2.

Irrigation: Generally due to rainy season crop
irrigation is not required. But at pod filling stage if
moisture stress occur thab one irrigation help for good
production.

Insect control: Generally soybean crop is badly
damaged by the blue bettle and girdle bettle attack.
Due to these insects attack yield reduced to 5 – 50%
for controlling these insects one spray should be done
at 25 – 30 days and second at 40 – 45 days after
sowing. The following insecticidal can be used for
spray.

Insecticide Dose/ha

Chloripyriphos 20 EC 1.5 litre

Quinalphos 25 EC 1.5 litre

Ethion 50 EC 1.5 litre

Trizophos 40 EC 1.5 litre

Disease control: Soybean crop is generally
affected from bacterial postule, blight and mosaic. For
controlling these diseases spray of carbendazine 50
W.P. or Thiofanate methyle 70 W.P. @ 0.5 to 1 gm/
litre of water after 30 to 35 days of sowing.

Potato

Land preparation: Potato crop can be grown in
generally all type of soil, but for harvesting good crop
light to medium with high organic carbon soil is
required. Soil preparation can be done by two disc
harrow and the level the field so that moisture remain
in the field.

Sowing date: For good production best time of
sowing is end of September to mid December. After
that yield reduction is quite high.

Selection of vareiteis

Early : Kufri Jyoti, Kufri locker, Kufri
  Bahar

Medium duration : Kufri Badshah, Kufri Sherpa

Late duration : Kufri Jeewan, Kufri Shinduri

Seed treatment: For soil born diseases potato
seed should be dipped for 30 minutes in Bavistin 0.1%
or Indofil M 45 0.2% solution.

Table 2. Promising soybean varieties for Central Narmada
Valley zone

Variety Maturty Yeild Size of Plant
name days (q/ha) seed height (cm)

JS 335 95–100 25–30 Small 46

JS 93 –05 90–95 20–24 Medium 30–40

JS 71 – 05 90–95 20–24 Medium 30–40

NRC 7 90–100 20–25 Medium —-

Seed rate: Small seeded variety 70 kg/ha

Medium seeded 80 kg/ha

Bold seeded 100 kg/ha

Method of sowing: Row to row distance 30 cm
for dwarft and 45 cm for tall variety. After every 20
rows of sowing left 1 row fallow for drainage purpose.
Seed and fertilizers should be drilled separately so that
germination is not effected.

Seed treatment: Seed treatment should be done
with Thirum 2 gm + 1 gm Carbondazin per kg.

Use of culture: After the seed treatment seed
should be treated with 5 gm Rhizobium + 5 gm PSB
culture per kg. The Fungicides and culture should not
be mixed together for seed treatment.

Fertiliter dose: 20 N 60 P
2
O

5
 20 K

2
 O 20 S kg/

ha. This fertilizer dose can be adjusted according to
soil test value. In deep black soil 50 kg/ha zinc sulphate
should be applied once in three year.

Weed control: Soybean crop should be weed free
upto 40 days stage. First interculture should be done
between 20 to 25 days after sowing and second
between 35 to 40 days. For controlling weed spray of
imazthapyr 750 ml/ha for controlling grassy and broad
leaf weed was found good.
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Method of sowing

Early and medium variety : Row to row distance
50 cm

Late variety : Row to row distance
60 cm

: Plant to plant distance
20 cm

At the time of sowing weight of one potato should
be minimum 50 gm.

Fertilizer dose

N 120, P
2
O

5
 100 K

2
 50 kg/ha 1/3 N and full

P
2
 O

5
 and K

2
O should be applied at the time of sowing

and rest ¼ N should be top dressed at 35 – 40 days
after sowing.

Irrigation: For good production 8 to 10 irrigation
are required.

Interculture Operation and Weed Control

30 – 35 days after sowing first earthing and 40 –
45 days 2nd earthing should be done. For controlling
weed stomp F 35 @ 2500 ml/1000 litre of water
should be sprayed.

Disease control: Potato crop is generally suffer
due to early and late blight disease. For controlling
these disease spray of Dithane Z – 45 @ 2 kg/ha
found effective.

Bhindi

Land preparation: Bhindi can be grown in
various type of soil. Field can be prepared by
ploughing and disc harrowing for good tilth.

Sowing time: Best time of sowing for summer
crop is last week of February.

Selection of varieties: Punjab Padmani; Parbani
Kranti and P – 7

Hybrid vareiteis:

Vishal, Varsha, Vijay, Hy Bhindi No. 7 and Hy
Bhindi No. 8.

Seed Rate: 18 – 20 kg/ha

Seed treatment: 2 gm Thirum per kg.

Fertilizer dose: N 80, P
2
O

5
 60 K

2
 O 60 kg/ha.

1/3 of nitrogen should be applied after 20 days of
sowing and rest 1/3 at 40 days.

Irrigation: In summer temperature is quite high
and evoporation from soil is also high. So every week
irrigation should be given for getting good production.

Insect control: Vegetable crop are generally
affected by insect attack. In bhindi jassid and aphid
are the main problem. For controlling these insect
endosulphan 0.5% or Rogor 30 EC or Monocrotophos
0.02% should be spray at 20 day interval.

Disease control: Like insect attack these crop
is also affected by powdery mildew. By dusting
sulphur dust @ 15 kg/ha disease can be control.

Sugarcane

Land preparation: Its roots goes deep in the soil
therefore deep phoughing should be done and than
prepared the field by disc harrowig.

Sowing time: Autum: Mid Oct. to Nov.
Spring: Feb to March.

Selection of varieties

Early vareity: Co 7314, Co 8338 Co 94008, Co
87008, Co Jawahar 86-141, Co Jawahar 86-572.

Medium duration: Co 7318, Co 6304, Co 86032,
Co 7219, JN 86 – 600.

Method of sowing: Row to row distance 90 cm
for autum planting and 60 cm for spring

Seed treatment: The sets should be treated in
the hot water for period of 4 hours at the temperature
of 540 C.

Seed rate : 100 to 125 q/ha.

Fertilizer dose: N 300 P
2
O

5
 80 K

2
O 60 kg/ha

full dose of phosphorous and potash should be applied
at the time of sowing but nitrogen dose should be given
in four split ¼ at sowing ¼ at tillering ¼ at 1st light
earthing and ¼ at 2nd heavy earthing.

Weed control: spray of Atrazin 4 kg/ha in 800
litre of water before the germination for controlling
weed. If crop is facing problem of broad leaf weed
than apply 2 – 4 sodium salt @ 1 to 1.5 kg/ha in 800
litre of water.
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Irrigation: Irrigation should be given at 8 – 10
days in summer and 15 – 20 days in winter season.
If water is not available in good quantity than drip
irrigation method save 30 to 45% of water.

Ting of sugarcane: The sugarcane plant should
be tight in the field before the rainy season start
because lodging may occures.

Insect control: Sugarcane crop is generally
affected pyrilla and stem borer. Spray 1st fortnight of
March Phorate @ 1.5 kg ai./ha and 2nd fortnight of
August.

Drenching of chlorpyriphos 0.02% @ 1 kg ai./ha
harvesting.

Contingency planning

To improve food production at sustainable level
new stratigy must revolve around developing alternate

production system which could be more productive
and stable during high or low risk rainy season. In risky
dry sesaon highly productive partially irrigated system
must be developed by utilizing vast underground water
potential. Low productivity in the cropping system is
associated with low input use and in-efficient method
of application. The technical in-efficient bring
difference between actual production by application
of current technology and current production using
farmers practices. In order to increase production we
have to improve the technical efficiency of the farmer.
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ZONE 9. WESTERN PLATEAU AND HILL REGION
This zones covers 21 districts of Maharashtra, 11 districts of Madhya Pradesh and district

Jhalawar of Rajasthan. Four on-station centres and three on-farm centres of AICRP on Cropping
Systems are located in the zone. Resource efficient alternative cropping systems as identified
and package of practices developed for selected crops relevant to the following sub-zones of
Maharashtra and Madhya Pradesh are discussed here.

● Scarecity zone of Maharashtra

● Plateau zone of Maharashtra

● Western Vidarbha zone of Maharashtra

● Malwa plateau and Narmada basin zone of Madhya Pradesh

SCARECITY ZONE OF MAHARASHTRA*

Agroclimatically Rahuri falls in Agroclimatic zone
No. 6 called as Dry zone or scarcity zone or drought
prone area which covers 1/3 area of the Maharashtra
state. Rainfall of the zone varies from 500 to 750 mm
and is highly erratic and uneven and show bimodel
distribuition. The first peak of rainfall occures during
June/ July and second during September. Rainfall during
September is more and assured than rest of the rainy
months. Dry spells are experienced in August in
general having 7 to 8 weeks duration at a stretch.
Duration of Monsoon extends from Mid June to Mid
October. The water availability period ranges between
65 to 135 days in different parts of the zone. Late
onset of monsoon have pronounced detrimental effects
on irrigated crooping systems in the zone particularly
in command areas. Irrigated area in the zone is under
major, medium and small irrigation projects and wells
covering 15 % of the cultivable area of the zone.

In scarcity zone , due to erratic  behaviour  of the
rainfall , the availability of water is not adequate to
sustain the crop. Therefore, it is very essential , to
design efficient cropping ststem so as to cater the needs
and sustain the crops under limited water conditions,
at the same time to maintain the soil fertility.

* Contributed by A.G. Wanil, V.S. Patil and S.M. Todmal, Mahatma Phule Krishi Vidyapeeth, Rahuri (MS)

Production potential and yield gaps

A very wide gap in achievable yield and average
yield at farmers field exists both in kharif and rabi
crops (Table 1). In kharif and rabi sorghum yield gap
of 5 to 10 q/ha exist while in onion crop about 64 q/ha
is the bridgeable gap.

Table 1. Production, potential and yield gaps in major
crops are as follows

Crop Grain yield Yield Crop
Sequences (q ha-1) gap index

grain
At research   District Avg. (q ha-1)

farm

Kharif Sorghum 35.1 29.7 5.4 15

Pearlmillet 28.4 15.9 12.5 44

Soybean 22.9 10.4 12.5 55

Wheat 45.3 30.4 14.9 33

Chick[pea 25.4 16.3 9.1 36

Onion 337.3 273.3 64.3 19

Rabi Sorghum 32.7 22.4 10.3 32
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Efficient alternative cropping systems

Soybean is emerging as a major kharif crop by
replacing pearlmillet in this region. Therefore, which
will be the profitable option for rabi after harvest of
soybean was investigated. Accordingly, we found that,
soybean- onion/ wheat cropping system is the best
option under assured available moisture and pearlmillet-
onion/ chickpea under limited irrigation for the said zone.

Considering productivity, monetory returns, water
use economy and improvement in soil fertility, it is
recommended to adopt soybean- onion, soybean- wheat
and pearlmillet- chickpea cropping sequences with two
to three protective irrigations at sensitive growth stages
of the crop (Table 2 and 3). The merits of identified
efficient cropping systems are as follows

● Low cost management crop sequence.

● Higher Productivity under irrigated conditions.

● Higher net monetary returns.

● Maintain fertility of the soil by adding dry matter
(Leaves).

● Create crop cover on surface of land and result
in reduction of runoff and soil loss.

● Higher productivity

● Higher net monetory returns depending on
market rates.

Progressive soil fertility depression will assume
serious limitation in future for sustainable agriculture.
Not only a part of the plant nutrient need can be met
by organic manure, crop residue, green manuring and
biofertilizer, but in many cases they may act
synergistically with mineral fertilizers.

INM system is the key to obtain the highest
production and higher net monetory returns and assure

Table 2. Efficient alternative systems: Grain and straw yields of different cropping sequences (2007-08)

Cropping Systems Yield of kharif crops  (q/ha) Yield of rabi crop (q/ha)

Grain Fodder Grain/ Fodder/

Main Inter Main Inter bulbs straw
crop crop crop crop

1. Pearlmillet-Wheat 28.07 - 75.80 - 36.72 55.73

2. Pearlmillet-Onion 29.19 - 78.79 - 291.85 15.16

3. Pearlmillet-Potato 29.70 - 80.20 - 254.32 55.46

4.Pearlmillet- Chickpea 29.23 - 78.94 - 28.27 35.80

5.Pearlmillet-Cabbage 29.26 - 79.04 - 265.06 179.83

6. Soybean-Wheat 28.52 - 37.04 - 39.63 60.91

7. Soybean-Onion 30.25 - 39.33 - 337.78 17.38

8. Soybean-Potato 29.26 - 38.02 — 271.85 50.89

9. Soybean- Chickpea 29.78 - 38.72 — 28.72 34.47

10. Soybean- Cabbage 29.51 - 38.37 - 289.88 193.78

11.PM+Soy(2:1) -Wheat 20.81 9.75 56.20 12.69 37.90 57.85

12.PM+Soy(2:1) -Onion 21.33 9.31 58.05 12.12 319.26 16.42

13.PM+Soy(2:1) -Potato 21.06 10.00 56.89 13.01 259.88 56.12

14.PM+Soy(2:1)-Chickpea 20.99 9.51 56.72 12.37 30.00 36.00

15.PM+Soy(2:1)-Cabbage 20.57 10.15 55.56 13.19 280.37 190.72
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Table 3. Pearlmillet equivalent yield, land use efficiency, system productivity and profitability of different cropping systems

Crop rotation Pearl millet Gross Net return System System B:C Remarks
equivalent returns (Rs./ha) productivity profitability ratio
yield (q/ha) (Rs./ha) (Kg/ha/day) (Rs/ha/day)

1.Pearlmillet- Wheat 28.07 71000 38353 7.7 105.07 3.07 Existing Cropping
System

2.Pearlmillet - Onion 29.19 196029 140196 8.0 384.09 5.86 Suitable for
command area

3.Pearlmillet- Potato 29.70 129424 71133 8.1 194.88 2.37 Suitable for irrigated
condition

4.Pearlmillet- Chickpea 29.23 90591 60468 8.0 165.66 4.54 Suitable for
protective irrigation

5.Pearlmillet - Cabbage 29.26 148603 105257 8.0 288.37 4.44 Suitable for
command area
(EVZ)

6. Soybean-Wheat 62.08 98671 59837 17.0 163.94 3.64 Suitable for
command area

7. Soybean- Onion 65.85 248737 180878 18.04 495.56 6.65 Suitable for
command area
(Market oriented)

8. Soybean- Potato 63.69 160233 94755 17.44 259.60 2.73 Suitable for nearby
Market

9.Soybean-Chickpea 64.82 116682 79372 17.75 217.46 4.87 Suitable for
command area

10.Soybean- Cabbage 64.24 184663 132030 17.60 361.72 4.93 Not suitable for this
region

11.PM+Soy(2:1)-Wheat 42.03 82830 47114 11.51 129.08 3.28 Suitable for
command area

12.PM+Soy(2:1) -Onion 41.59 221008 159106 11.39 335.90 6.21 Suitable for
command area

13.PM+Soy(2:1) -Potato 42.82 141182 78822 11.73 215.95 2.49 Not suitable for this
region

14.PM+Soy(2:1)-Chickpea 41.69 103433 72041 11.42 197.37 4.67 Suitable for
command area

15.PM+Soy(2:1)-Cabbage 42.66 165392 117427 11.68 321.72 4.64 Not suitable for this
region

sustained crop production. Based on long term
experiments integrated nutrient supply system in
sorghum – wheat sequence is advisable for obtaining
maximum productivity through use of 50 % RDF in
conjunction with 50 % N through FYM in terms of
sorghum grain equivalent, gross and net returns as well
as B: C ratio. Continuous application of organic manure
in conjunction with inorganic fertilizers maintained /
the improved organic carbon and available nitrogen in
the soil.

In scarcity zone 70-75% area is under kharif crops
and on remaining area both kharif and rabi crops are
cultivated and very limited area is under summer crops
cultivation. But looking towards the increasing
population day by day and to fulfill the food requirement
of the increasing population and fodder requirement
for the animals, it is necessary to cultivate more crops
in a year. The multiple cropping can be possible under
irrigated conditions of this zone by adopting the improved
agronomic techniques. Therefore, it is essential to take
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the multiple cropping where there is a perennial source
of irrigation.

Considering the above facts, the experiment  was
conducted  at Rahuri centre with an objective to study
the effect of crop rotation and changing proportions of
cereals and oilseeds on crop productivity and soil fertility.

The results revealed that, considering the total grain
productivity (9 t ha-1 per year), monetary returns, benefit
cost ratio and maintenance of soil fertility the maize-
wheat -groundnut and sorghum – wheat-groundnut
multiple cropping sequence are identified to be the most
efficient alternatives for the zone.

Package of Practices

The package of practices for the crops involved in
three efficient alternative systems ciz. soybean-onion,
soybean-wheat and peralmillet-onion as identified are
as follows.

Soybean

Climate : Soybean crop grow better under 25 to 330C
temperature with a rainfall 700 to  1000 mm.

Soil : Medium black , well drained to heavy soil having
pH 6.5 to 7.5.

Preparatory Tillage: Deep ploughing once in a 3
years  followed by 2-3 harrowings  every year.
Application and through in corporation of 5 t FYM/ha
in soil before last harrowing with  leveled land for
sowing is requirement.

Varieties :

For sowing in 1 st week of June : PK-1029 and MACS-
450 (90-110 days)

For sowing during 25 June to 10 July : JS- 335 (110-
115 days), TAMS- 38 (100-105 days), TAMS- 98-21
and DS-228 (110-115 days)

Seed Treatment : 1) Before sowing,  seed should be
treated with Carbendazim @ 2.5 g per kg or
trichoderma @ 4 gm per kg or treat the seed with 3

gm thirum per kg seed to protect the seed from fungal
diseases and seed to protected from insect-pest
damage.

2) Bacterial inoculation :-  Rhizobium japonicum
and PSB, 200-250 gm each / 10 kg of seed with drying
2-3 hours in shade before sowing.

Sowing time and Method : After receiving the 75-
100 mm rainfall in mansoon immediately sowing of
soybean is to be done by drilling method with seed rate
@75-80 kg ha-1 during 1st fortnight of June to 2nd week
of July on sufficient moisture . Late sowing any how
reduce the crop yield. Prior to actual sowing, seed
germination percentage count is necessary which
decides the seed rate and its plant population /ha.

Spacing : 45 cm between row and 5 cm between
plant to plant is adopted for sowing  for heavy soil.
Plant population should be 4 to 4.5 lakh / ha. Sowing
should be done across the slope and in east-west
direction for better performance.

Manures and Fertilizers :  Apply 25 to 30 cartloads
of FYM or compost before sowing Recommended
dose of fertilizer is 50 kg N and 75 kg P

2
0

5  
ha-1 should

be applied at the time of sowing. For obtaining higher
yield spraying of 2 percent urea at 50 and 70 DAS is
preferable.

Intercropping in rainfed areas : In medium deep
soil Soybean : Pigeonpea can be grown in the ratio of
1 : 2, 3 : 2, 4 : 2 or 4 : 1 for obtaining higher monitory
benefits.

Intercultural operations : The first hoeing at 15-20
DAS and second at 30-35 DAS is desirable.

Weed Management

1) Before sowing : Spraying of  Fluchloraline
(Basaline 45%) @  2.50 kg/700-800 lit. of water
should be sprayed at the time of sowing 15-20 days
after germination, one hoeing and weeding should
be done or Trifluchloralnce ( 48%) 1 kg a i / ha
(2.5 lit ha-1) in 600-700 lit of water on land followed
by one harrowing for proper mixture in soil.
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Varieties (90-100 days) : For sowing during 15 june
– 15 July : Saburi Hybrid, Shradha Hybrid, Shanti
Hybrid, ICTP-8203 and ICMV-155.

Seed Treatment :

A) 20 % Brine solution treatment (for ergot)

If treated certified seed is not available, 20 % brine
solution treatment should be given to the seed before
sowing. For 20 % brine solution treatment , dissolve 2
kg common salt (NaCl) in 10 lit. of water, pour the
seed in that solution remove the floating fungus
affected seed, separate out heavy, healthy seed settled
at the bottom, wash with water twice. Use such seed
after drying in shade.

B) Apron seed treatment (for downy mildew)

Treatment  of Apron 35 SD (Metalaxyl) @ 6 gm
kg-1 seed should be given before sowing. Use such
treated seed for sowing.

C) Azospirillum biofertilizer treatment

Treatment of Azospirillum @ 25 gm kg-1 seed is
recommended which saves 20 to 25 % nitrogen and
enhance the production by 10 per cent.

Sowing time and method : After receiving the 75-
100 mm rainfall in monsoon immediately sowing of
pearlmillet is to be done by drilling method with seed
rate @ 3-4 kg ha-1 during 15th June to 15th July on
sufficient moisture . Late sowing any how reduce the
crop yield. Prior to actual sowing, seed germination
percentage count is very necessary.

Sowing should be done on ridges and furrows (drop
– drop conservation method)  or flat bed method .
Sowing should be done more than 2 to 3 cm depth.

Spacing : 45 cm between  two rows and 15 cm
between  two plants is adopted for sowing.   Plant
population should be 1.50 lakh plants ha-1.  In assured
rainfall areas or irrigated condition sowing should be
done at 30 X 15 cm spacing.

Manures and fertilizers :  For medium type of soil
60: 30: 00 NPK kg ha-1 and lighter type of soil 50 : 25

2) Pre emergence : Just after sowing or before
emergence, spraying of Alachlor ( Lasso 50%) 2
kg ai ha-1 ( 4 lit ha-1) or Metachlor (Duel 50%) 1
kg ai ha-1 ( 2 lit ha-1) or Pendimethalene (Stomp
30%) 4 lit ha-1 and carry over the hoeing or
weeding if necessary after 40 DAS.

Irrigation : Three irrigations should be given at the
time of 30-35 days (branching stage), 45-50 days
(flowering stage) and 60-70 days (pod filling). If dry
spell occurs in kharif season carry over two irrigation
first at flowering stage and second at grain filling stage.

Crop Protection :  For management of defoliators
like stem borer and leaf eating caterpiller spray the
crop with endosulphon @ 0.07 %. Major pest occurs
on soybean are Tobacco leafeating caterpillar and girdle
bittle, adopt spraying of Endosulfan 35 % EC @ 15 ml
or Dimethoate 30% EC @ 10 ml / 10 lit. water to
control these pest.

Harvesting and Threshing : As per the varietal
maturity, crop should be harvested when leaves
becomes yellow and start to fall and pods are matured
(90 -110 DAS).  If harvesting is delayed, shattering of
grains is observed hence harvesting should be done at
proper stage. While threshing the speed of thresher
should be kept at 350-400 RPM to prevent damage of
seed. By the adoption of above technology the yield of
20-25 q ha -1 can be obtained.

Storage : The moisture in seed should be 10-12 percent
while storing in storage protection from storage pest
and diseases are needed .

Pearlmillet

Climate : Pearlmillet crop grow better under 25 to
330C temperature with a rainfall 700 to  1000 mm.

Soil : Light to Medium black soil having  with pH 6.2
to 8.0. . In lighter type of soil sowing should be done
on ridges and furrows.

Preparatory Tillage :  Deep ploughing once in a 3
years up to 15 cm depth  followed by two harrowings
and mixing of  5 t FYM/Compost per ha in soil before
last harrowing with  leveled land for sowing is
requirement.



Western Plateau and Hills Region

173

: 0 NPK kg ha-1 is recommended. Half dose of nitrogen
and full dose of P

2
O

5
  should be given at the time of

sowing. Top dress the remaining half dose of nitrogen
after 25 to 30 days after sowing when sufficient
moisture is available in the soil.

Use of 5 tonnes FYM or 3.5 tonnes molasses or
2.5 tonnes / ha vermicompost as organic fertilizer along
with chemical fertilizer is recommended.

Intercrop :  Intercropping of Pearlmillet + Pigeonpea
(2 :1) proportion should be taken keeping 30 cm spacing
between two rows for obtaining higher monitory
benefits.

Interculture : Two hoeings and two weedings or
sparaying of Atrazine @ 0.5 kg ha-1 (in 500 lit. of water)
after sowing but before seedling emergence is
recommended.

Irrigation management :  If dry spell occucrs,
irrigation should be given at the following critical stages
of crop growth

First irrigation should be given at the time of tillering
stage ( 20-25 days after sowing). The second irrigation
at boot satge  (40-45 days  after sowing). While, third
irrigation at grain filling stage (65-70 days after sowing)
is desirable for stains higher yield.

Plant Protection

1.  Downy Mildew

A) Uproot and burn infected plants of downy mildew
20 to 21 days after sowing.

B) Fourteen days after sowing spraying of Copper
Oxychlloride 50 % 1 kg ha-1 + 500 lits. of water .
Repeat the spray after 8 to 10 days or spraying of
Metalaxyl MZ 0.4 % 20 days after sowing.

2. Ergot : Use of certified seed.,Use of 20 % brine
solution treatment.,Spraying Thiram (0.1 to 1.5 %)
or Copper Oxychloride + thirum (2:1) 500 to 600
gm twice before emergence of earhead.

3. Blister beetle: Dusting of  Methyl
Parathion(Folidal) 2 % dust @ 20 kgha-1 in calm
morning hours.

4. Stem borer or Stem fly: Sprayinmg of
Endosulphon 35 EC @ 14 ml in 10 lits. Of water.

5. Armyworm or hairy caterpiller : Dusting of
Methyl Parathion(Folidal) 2 % dust @ 20 kgha-1

in calm morning hours.

Harvesting and Threshing : As per the varietal
maturity, crop should be harvested when leaves
becomes yellow and grains are matured (85-90 DAS).

Storage : The moisture in seed should be 10-12 percent
while storing in storage protection from storage pest
and diseases are needed .

Chickpea

Chickpea is an important rabi crop.well
drained,medium to deep clay loam soils are essential,
as chickpea do not withstand under water logging
condition. Lack of aeration results in poor nodulation
and low Rhizobial activity.

Land preparation : As the tap root system of pulse
crop grows into the soil , it is necessary to have deep
ploughing and one to two harrowings for better
pulvarization. This facilitates good germination and
healthy crop growth.

Improved varieties : Many improved varieties of
chickpea are available for cultivation. There are two
types of chickpea varieties i-e desi and kabuli. The
high yielding varieties like Vijay, Vishal , Digvijay in
desi type, while Virat , Vihar and PKV-2 in kabuli types
are coupled with better level of wilt resistance. Being
drought tolerent, Vijay is suitable for rainfed cultivation.
It is also highly responssive to irrigation and fertilizers.
Vijay and  and Digvijay are the high yielding , wilt
resistant varieties having bold seeds. In Kabuli type,
Virat variety is high yielding with extra bold seed for
sowing , resistant to wilt and occupied major area.

Rainfed : Vijay, Chaffa, PG-12, ICCV-2, BDN 9-3,
Jaki - 9218

Irrigated : Digvijay, Virat, SAKI-9516,ICCV-2,
AKGS-1, Gulak-1, Jaki - 9218
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Seed rate : For obtaining desired yield levels, adequate
plant population is essential. It is necessary to use
optimum seed rate. The seed rate depends upon size
of seeds. For medium seeded varieties is like Vijay 65-
70 kg ha-1  and for bold seeded varieties (Vishal,
Digvijay and Virat) 100 kg ha-1 For rainfed 50-60 kg
and for irrigated 75-100 kg. Seed and fertilizers can be
sown with the help of two bowl seeddrill. Dibbling of
seeds at 10 cm spacing between hills on both the sides
of ridges of 90 cm, help in deducing of seedrate and
yet harvest high yield under irrigated conditions.

Seed treatment : For protecting the germinating seed
and seedlings from the soil borne pathogens, the seed
should be treated with 2 gm Carbendengim + 2 gm
thiram or 5 gm Trichoderma per kg of seed before
biofertilizer inoculation.

Inoculation : Rhizobium+PSB seed inoculation just
before sowing @ 25 g kg ha-1 seed each.

Manures and fertilizers : Application of 5 t of well
decomposed FYM or Compost per ha at the time of
preparatory tillage is necessary. The optimum fertilizer
dose is 25 kg N and 50 kg P ha-1 or 125 kg ha-1

Diammonium phosphate with 15 kg Zinc Sulphate. The
complete dose should be applied at the time of sowing.
Urea (2 %) should be sprayed at the time of pod
formation to harvest better yield.

Seed sowing : The seeding by drilling methid using
30x10 cm spacing between two rows and between
plants is recommended.

Interculture : Pulses suffer severly due to competition
by weeds during first 25-30 days. To have desirable
performance, it is important to keep the field  weed
free during this period. It is recommended to carry out
first hoeing during 20-25 days of crop age and second
hoeing 10-15 days after first hoeing for providing better
aeration in root zone. Hand weeding is also necessary
to remove remaining weeds between palnts with in
25-30 days after sowing.

Irrigation : For deep soil, two irrigations are sufficient
to obtained good yield from chickpea crop. First
irrigation should be given 30-35 days after sowing and
second during 60-65 days as per soil xcondition. For
medium type of soil, it is necessary to apply three

irrigations i-e first at 20-25 days, second at 45-50 days
and third at 70-75 days after sowing. Excess and
untimely irrigation should be avoided. However, it is
desirable to maintain adequate soil moisture during crop
growth period. Sprinkler irrigation is the most efficient
system for irrigating the chickpea crop.

Plant protection : Pod borer (Helicoverpa armigera)
is a key pest of regular occurrence from early
vegetative  to podding stage causing 30 to 40 %  yield
losses in chickpea. It feeds on tender buds, leaves,
flowers and pods. For better effective control of this
pest, it is necessary to carry out integrated pest
management programme. Use of improved  package
of practices such as timely sowing, seed treatment,
use of recommended fertilizer dose, interculturing are
the most important components of IPM. Inter / Mixed
cropping with wheat, linseed, mustard or coriander helps
reducing pod borer damage. Installation of Pheromone
traps 20-25 per ha to attract the predatory birds. A
spraying of neem seed kernel extract (NSKE) @ 5 %
i-e 25 kg ha-1 at the time of flower initiation is found to
be effective in controlling the pest.

Spraying of Formathion 25EC @ 25ml/l0 litre or
Endosulfan 35EC or Fozalon 35 EC @ 15ml/10 litre at
50% flowering and 15 days thereafter can also
effectively control the gram pod borer. Alternatively
dusting of Endosulfan 4% dust, Phenthoate 2% dust,
Quinalphos 1.5% dust, Fozalon 4% dust or Malathion
5% dust @ 20 kg ha-1 can also provide effective control
of this pet.

Harvesting : Chickpea crop becomes ready to harvest
in 100-110 days . Generally, after  uniform drying of
pods the crop should be harvested. Before storage the
seeds should be sun dried properly and stored in gunny
bags or in tin boxes.

Yield : With the above package of practices, 25-30  q
ha-1 yield of chickpea can be obtained.

Wheat

Wheat in Maharashtra, occupies second position
next to sorghum and is grown on about 9.33 lakh
hectares with the production of 13.01 metric tonnes.

Climatic requirement : Wheat requires the mean
daily temperature of 20 to 25°C for germination, 20 to
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23°C for accelerated growth and 23 to 25°C for proper
grain filling.

The cool and sunny winters are very for growth
of wheat crop. Cool dry climate is suitable, sub-humid,
dew forming for longer period climate gives higher
yields. But sudden fall in night temperature near to O
oC is injurious to the crop. The following temperature
is required for optimum growth and development:-

Soil requirement : Wheat crop requires well
pulvarized, drained but compact seed bed for good and
uniform germination, medium to heavy soil for higher
yield. The land should be ploughed by iron plough to a
depth of about 15 to 20 cm after harvest of the kharif
crop. Then 2-3 harrowings should be
attended.However, under balanced fertilization,
marginal/ light soil can be preferred, saline soils are
not desirable for wheat cultivation, but it can be
acceptable as compared to other crops.

Land Preparation : The Wheat crop requires a
well pulverized but compact seed bed for good uniform
germination. After the harvest of short duration pulse
crop, land should be ploughed and harrowed two to
three times.

Before last harrowing 25-30 cartloads of well-
decomposed FYM/ha should be evenly spread.

Wheat varieties : Various wheat varieties are used
for normal sowing under rainfed and timely sown
condition while irrigation its recommended for late sown
wheat crop.

For rained condition (15-31st Oct.) : NI 5439, N-
8223 NIDW(Panchvati) -AKDW-2997-16 (Sharad),
N-59, MACS-1967

For irrigated timely sown condition (1-15 th

November) : AKW-1071 (Purna), AKAW-3722
(Vimal), MACS-2496, HD-2189, MACS-2846, NIAW-
301 (Trimbak), NIDW-295 (Godavari), NIAW 917
(Tapovan).

For irrigated late sown conditions (15th Nov. –
15 th Dec,.) : AKW-381, HI-977, HD-2501, AKW-
1071 (Purna), NIAW-34. The choice of the variety
plays an important role for getting maximum yield.

Seed treatment : The use of healthy and disease
free seed is essential for the succesful crop of wheat.
For the control of diseases like Bunts and Smuts, seed

treatment is suggested with Vitavex, Bavistin, Thiram
or Agrosan GN @ 2.5 gm per kg of seed. For higher
yield of wheat crop, bio-fertilizers i.e. Azotobacter and
PSB @ 250 gm each per 10 kg seed before sowing of
wheat should also be applied.

Seed  rate and sowing time

The optimum seed rates and time of sowning for
rainfed and integrated conditions are as follows.

Conditions Seed rate Time of Row  spacing
(kg ha-1) sowing (cm)

Rainfed 80 15-30 Oct. 22.5

Irrigated
● Timely sown 100-125 1-15 November 22.5
● Late sown 125-150 15 Nov.-15 Dec. 18.0

About 20 to 22 lakh plants  ha-1 are essential for getting high
yield.

Seed and sowing : Presowing irrigation is essential
for wheat crop.The wheat is sown by drill. The
deposition of seeds at appropriate depth gives uniform
stand and early emergence of the crop. Seed should
be placed at 5-6 cm deep below the soil where
sufficient soil moisture is available to enable seed
germination. The sowing beyond this depth gives poor
stand of the crop. The best method of sowing is with a
seed drill or dropping of seeds with a pipes (Sarta)
attached to a seed drill.

Fertilizer application : The fertilizer application
should normally be on the basis of soil test.  The balance
use of major nutrients viz., N,P and K is conductive
for optimum growth of the crop.In case the facility for
soil testing is not available, fertilizer may be applied at
the following rates

Production Fertilizer Requirement Time
conditions (kg ha-1)

N P K*

Rainfed (Basal) 40 20 0 At sowing

Irrigated

Timely sown 60 60 40 At sowing
60 0 0 At 18-20 DAS

Late sown 40 40 40 At sowing
40 0 0 At 18-20 DAS

* Potash should be applied on the basis of soil test only.
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Irrigation : Normally 4-6 irrigations are needed to
wheat crop. However, under limited water availability
conditions the irrigation should be optimized as
recommended below.

One irrigation : In between CRI and Late Jointing (42
DAS)

Two irrigation : At CRI* and flowering (21 DAS,
65DAS)

Three irrigation : At CRI*, Late jointing (21,60-65 DAS)
and flowering (18-20,42 and 65DAS).

Four irrigations : Irrigate the crop at 21,42,65 and 95
DAS

Under optimum water availability the schedule
should be ensured as follow.

Ist. Crown root initation stage - 18-20 DAS.

IInd. Maximum tillering stage - 30-35 DAS.

IIIrd. Late jointing stage - 45-50 DAS.

IVth. Flowering stage - 65-70 DAS.

Vth. Milk stage - 80-85 DAS.

VIth. Dough stage - 95-100 DAS.

Weed management : The weeds can be contrilled
by giving two hand weeding and one hoeing. The weeds
can be controlled by application of herbicides like
Isoproturon @ 1250 gm in 800 litres water ha-1 four
weeks (30-35 days)  after sowing.

Plant protection measures : Wheat crop suffers
mainly from rust diseases. It is also damaged by
rats.Use of rust resistant varieties is one of the best
method for rust disease management. The spraying of
chemicals like Dithane M-45 @ 1500 gm in 500 litres
of water at an interval of 15 days starting with the
incidence of disease, gives effective control of weeds.

Aphids can be controlled by spraying of
Endosulphan @ 700 ml in 500 litres water ha-1.

Integrated Pest Management (IPM) package

Based on different modules formulated and
validated at farmers fields, the following package could
be used for IPM in Wheat:

● Use of high yielding disease resistant Wheat
varieties

● Timely sowing in zero till or well prepared field.

● Application of recommended doses of
fertilizers

● Seed treatment with carboxin or carbendazim
@ 1.25 gm kg-1 seed and Trichoderma
harzianum @ 2gkg-1 seed.

● Seed treatment with chlorpyriphos 20 EC @
4 ml kg-1 seed in termite infested areas.

● Use of weedicide STOMP (pendimethylene)
@ 3.5 lits. ha-1 at pre-emergence or
Isoproturan @ 1.25 kg or Topic @ 400 g ha-1

or other weedicides after about 35 DAS.

● Recommended number of irrigations at
different stages.

● Applications of Tilt (Propiconazolw) @ 500
ml ha-1 immediately after the appearance of
any of the diseases i.e. rust/foliar blight/
powdery mildew or at heading in seed crop.

The IPM approach would help in reduction in costs
of production, more economic access of food to the
poor and conservation of the resilience and integrity of
the ecosystem.

Harvesting & threshing : The crop is harvested
when the grains become hard and the straw becomes
yellow, dry and brittle. The best time of harvesting is
at a grain moisture of 15 per cent and when the seed
has become hard. Threshing is generally done by
various types of threshers which are common in
different parts.Use of improved wheat production
technology will  increased nearly 45-50 q ha -1 yield
from irrigated timely sown, 35-40 q ha -1 from irrigated
late siown conditions.

Storage : The grain should be thoroughly dried before
storage. Grains with less than 10% moisture store well.
The storage pits, bins or godowns should be moisture
proof and should be fumigated to keep down the attack
of stored grain pests.
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Onion

Climate : Onion crop grow better under 25 to 300C
temperature with a rainfall 700 to 950 mm.

Soil : Medium black , well drained pH 6.5 to 7.5.

Preparatory Tillage : One Ploughing, followed by 2
harrowings. Application of 40t FYMha-1 or 15 t
vermicompost ha-1 before last harrowing.

Varieties (115-120 days) : For sowing in 1st week of
June Baswant-780, Phule Samartha and N-2-4-1.

Seed Treatment : 1) Seed should be treated with
azotobactor 2.5 g kg-1 of seed with drying 2-3 hours in
shade before sowing on raised beds for nursery.

Sowing time and method : During kharif season,
proper sowing time is 1st weekof June if sowing is
delayed it should be sown during second fortnight of
july (late Kharif). In Rabi season proper sowing time
is 2nd week of October.

Transplating time :

Kharif:- 1st week of August

Late Kharif:- 2nd fortnight of September

Rabi:- 2nd week of December.

Spacing : For Kharif and Late Kharif 15 cm between
rows and 10 cm between plant to plant is adopted for
sowing.  For Rabi and Summer 12.5 cm between the
rows and 7.5 cm plant to plant (flat bed).

Integrted nutrient management :

a) Organic manures :  Apply 40 t of FYM or
vermicompost compost 7.5 t per ha before sowing
or 15 days before planting.

b) Chemical fertilizers : Recommended dose of
fertilizer (100:50:50 NPK kg ha-1) should be applied.
Apply 50 kg of N with full dose of P & K as basal
and remainig 50 N kg ha-1 after one month of
planting.

Intercultural operations :

1) Regular weeding at 8-10 days

2) Top dressing with N fertilizer after one month of
transplanting.

3) Weed control with weedicides:- weed control can
be done by application of alachlor a.i. 2-2.5 kg ha-

1 before or after emergence or fluchloralin a. i. @
0.675- 1.125 before 25 days of transplanting or
pendamethalin a.i. @ 1 – 1.5 kg ha-1  before or
after emergence or oxyfluorfen a.i. 0.15-0.25 kg
ha-1 after emergence.

Water Management : The onion crop requires 75-
80 ha cm water. Irrigation should be given at 10-12
days interval as per the soil type.

Irrigation : Onion crop requires 13-14 irrigations.

Plant Protection : Thrips as pest and purple blight as
disease cause major problem. For effective
management of thrips spaying of methyl dimeton 10
ml or carbosalphan 10 ml per 10 lit. of water at 15
days interval is recommended. For control of purple
blight, Mancozeb 0.25 % or carbendezim 0.1 % +
sticker is an effective measure.

Yield : Kharif:- 15-20 t ha-1

Late Kharif :- 20-25 t ha-1

      Rabi:- 25-30 t ha-1

Contingency planning :

A) Late onset of monsoon by 2 to 3 weeks (2nd

July to 15th July):

The following crops and their varieties are
suggested for late onset of monsoon conditions.

●●●●● The sowing of the short duration Pigeonpea and
other pulses is to be done as per normal season

●●●●● Rabi sorghum varieties like Phule Vasudha, Phule
Mauli and Phule Yashoda are recommended for
rabi season.

●●●●● The early maturing and short duration varieties like
SS-56, Morden and Bhanu od sunflower are
recommonded for midseason corrections.
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●●●●● The early maturing varieties like, Girija, Aruna and
VI-9 of castor are recommonded for midseason
correction.

B) Late onset of monsoon by 4 weeks (16th July
to 22nd July):

 All the above practices should be followed along
with the reduction in the fertilizer dose by 25% of the
normal dose. The area under the hybrids should be
reduced and replaced with improved and straight
varieties of the crops.

C) Late onset of monsoon by 5 weeks (23rd July
to 29th July):

Avoid cotton sowing, if not possible use only deshi
improved cotton varieties with 20-25 % more seed rate
for late sowing. Avoid the sorghum sowing if not
possible then sowing is to be done with increased seed

rate of 30% than the normal seed rate. Instead of
sorghum sole crop intercropping after every 3rd or 6th

row of sorghum crop to be followed to reduce the
possibilities of crop failure. Soybean crop is to be sown
up to 25th of July and then the sowing of soybean be
stopped. Avoid the sowing of greengram and Blackgram
in late hours.
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PLATEAU ZONE OF MAHARASHTRA*

Marathwada region has eight districts in
Maharashtra state.  In view of geological dimension,
this region is located in 170 -350 to 200 -400 north latitude
and longitude 740 - 400 to 78 to 150 east, at  300 to
900 m. above the mean sea level.  Average annual
rainfall of Marathwada region is 835 mm and out of
which 80 to 85 per cent rainfall received in between
June to September from south west monsoon and rest
from the south east monsoon. The average maximum
temperature of this region ranges from 28.9 to 41.70

C and minimum temperature 10.2 to 25.50 C. The
maximum temperature reaches up to 46.60 C and
minimum of 2.00 C. The climate of this region mostly
dry and hot during summer and cooler in winter
season.

Monsoon rains commenced from 1st week of June
and terminate in last week of September. The bimodal
type of rains is received in this region from October
to December and moisture stored in soil on which the
rabi crops are grown.

Soils of the Marathwada region are developed
from basalt rock.  Soil type of this region changes in
east direction with deep black cotton soil (vertisol)
having > 90 cm depth and shallow soils (< 20 cm
depth) mostly observed in West directions. The major
physical and chemical properties of soil in the region
are as follows.

1) Color - Brown to black

2) Clay (%) - 12 to 77 %

3) Available Water - 11.34 to 25.42/100 cm
depth

4) Density of soil - 1.03 to 1.58 g. /cm3.

5) Infiltration rate - 1) 50 to 62.5mm/hr.in
sandy soil

2) 1.25 to 50 mm/hr.
medium to deep black soil

Chemical composition

1) Soil pH - 7.00 to 8.5

* * * * *
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2) EC - 0.10 to 0.35 dSm-1

3) Organic Carbon. - 0.30 to 0.80 %

4) CaCO
3
 (Free lime) - 0.00 to 22.0 %

5) Available N. - 141- 420 Kg (Low to
Medium)

6) Available P. - 8 - 21 Kg (Low to
Medium)

7) Available K. - 151-250 Kg (Medium
to high)

8) Available Zn - 0.10 to 3.06 ppm

9) Available Fe - 0.60 to 16.00 ppm

10) Available Mn - 1.20 to 27.20 ppm

11) Available Cu - 0.78 to 4.30 ppm

Cropping system according to soil type and
rainfall distribution

A) Low rainfall : (550 to 750 mm)

1. Inter Cropping of Bajra + Pigeon pea in
shallow soil (4:2).

2. Green gram – Rabi Sorghum

3. Soybean - Gram / Safflower.

B) Assured rainfall zone (750 to 950 mm)

1. Hy. Sorghum - Gram in heavy black cotton
soil.

2. Green gram or black gram - sorghum or
safflower in medium to heavy deep black
cotton soil.

3. Sorghum + Pigeon pea   intercropping in
medium type of soil.

4. Cotton + soybean / black gram (1 : 1)
intercropping system in black cotton soil.

C) Medium to high rainfall zone (950 to 1250
mm)

1. Hy. sorghum - gram or wheat in heavy type
of soil.

2. Cotton – Summer groundnut in medium type
of soil.

3. Green gram or black gram - sorghum in
medium type of soil or Soybean –
gram in heavy black cotton soil.

Existing cropping systems: The existing cropping
systems in the zone are as follows.

Rain fed Conditions

1) Green gram - Rabi  sorghum

2) Cotton - Fallow

3) Black gram - Safflower

4) Sunflower - Safflower

5) Soybean - Gram

6) Pearl millet - Gram / Safflower

Irrigated conditions

1) Cotton  - Summer groundnut

2) Hy. sorghum - Wheat

3) Green gram - Rabi Sorghum

4) Black gram - Safflower

5) Soybean - Wheat

6) Soybean - Rabi  sorghum

7) Soybean - preseasonal sugarcane -
Summer Groundnut

8) Sugarcane + Gram

Intercropping systems

Sugarcane + Potato (100 cm) (1 : 1)

Scope of Soybean – Gram and Green gram – Rabi
Sorghum cropping system

Soybean – gram/wheat/green gram -Rabi
sorghum/ safflower system are widely adopted in
Marathwada region.  The soybean, black gram/green
gram are short duration crops, and due to early
harvesting sufficient moisture remain available in the
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soil.  The sowing of Rabi crop has good germination
and plant stand in such field. The pulses, oil seed and
rabi – sorghum fetches good prices in market. Due
to high demand for pulses/oil seed, and Rabi sorghum
in market, the return/ha remains high. Hence, the
soybean – gram, soybean – rabi sorghum and green
gram- Rabi sorghum systems are still popular in this
region.

Recently, soybean has good market and due to
setting of oil extraction unit all over state, the farmers
are receiving good returns from soybean and this crop
also maintains soil health. The Rabi sorghum fulfills
the demand of good quality grains and fodder for live
stock reared on their farm.  Cotton – summer ground-
nut cropping system is suitable for command area of
the region and is still popular among the farmers.

Production potential and yield gap

The experimental productivity of cotton, summer
groundnut, soybean, onion and wheat was higher
during all the year. The average productivity of
soybean, onion, wheat, cotton and summer groundnut
in Marathwada region is lower than experimental
productivity (Table -1). It revealed from the table 1
that, there is scope for increasing the productivity of
soybean, onion, wheat, cotton and groundnut under
different cropping systems. The yield gap percentage
estimated to be 44.51, 194.30, 167.19, 86.38 and
133.93 for soybean, onion, wheat, cotton and groundnut
respectively. The yield gap was due to improper
management practices for the cultivation of these crops
in system as highlighted below.

1. Desirable seed bed is not prepared by the
farmer before the sowing of the crop.

2. Chemical seed treatment and bio fertilizer
treatment are not done.

3. Imbalance fertilization and non application of
micronutrient to the crops.

4. No control of pest and diseases on crops at
right time

5. In situ moisture conservation in crop is not
practiced.

Table 1. Production potential and average yield of
Marathwada region and yield gaps

Cropping system Av. Yield* Yield %
kg/ha gap Increase

kg/ha

Kharif Sorghum 1076 + 2386 221.00
Rabi Wheat 1268 + 2120 167.19

Sorghum 3327 + 5835 175.38
grain
equivalent

Kharif Soybean 1258 + 560 44.57
Rabi Onion 8880 + 17254 194.30

Soybean 2347 + 6936 295.52
grain
equivalent

Kharif Soybean 1258 + 869 69.07
Rabi Wheat 1280 + 2050 160.15

Soybean 2136 + 2234 104.58
grain
equivalent

Kharif Cotton 705 + 609 86.38
Summer Ground nut 1005 + 1346 133.93

Cotton 1654 + 2614 158.04
equivalent

Sourec :

1. Annual progress report of AICRP on Cropping System,
Marathwada Agricultural University, Parbhani (2003 - 2007).

2. Agricultural statistical information, Part – I & II (2006),
Commissionerate of Agriculture Pune, 1.

3. Krishi Dainandini”, Published by Directorate of Extension
Education, Marathwada Agricultural University, Parbhani.

Efficient alternative cropping system

The soybean – onion and turmeric + castor are
the best emerging profitable cropping system followed
by soybean- wheat. The demand for soybean – onion
/wheat high in the market and those farmers are
adopting these system getting good return/hectare.
However, the area under soybean –onion system is
less due non availability of irrigation water for growing
rabi onion crop in Marathwada region.

Package of Practices

The package of practices for crops of two
efficient alternative cropping systems viz. soybean-
onion and soybean-wheat are given below.
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Soybean

Soybean is one of the multi utility and important
crop for Kharif season. Soybean contain 20 to 22 per
cent of oil and 42 .6 percent of protein and it is the
best source of protein for vegetarian people. Soybean
is leguminous crop cultivated in Marathwada region
on 12.0 Lakh ha as sole and intercrops. The package
of practices are given below:

Rainfall and temperature : The crop requires 750
to 950 mm. rainfall.  Its needs irrigation if rainfall
below 650 mm. Soybean needs about 150 C to 320C
temperature for better germination.  Rapid growth will
be observed at 250C to 300C. Drought at flowering
or just before flowering result in flower and pod drop,
while rain during maturity impairs the grain quality of
soybean.

Soil : Soybean crop require medium to deep black
cotton soil with good drainage and high organic matter
content.  This crop prefers the soil pH ranging from
6.5 to 7.5.

Land preparation : One deep Ploughing up to 15 to
20 cm depth followed by two harrowing are essential.
Before the harrowing FYM @ 5 t/ha should be well
mix in to soil.  The land should be well levelled before
the sowing.

Seed treatment : The seed should be treated with 3
g of thirum or 1 g carbendism 50 WP / kg of seed for
control of seed and soil borne diseases.  After treating
the fungicide the seed should be treated with 250 g
Phosphate solubilizing bacteria and 250 g Brady
Rhizobium japonicum culture. This inoculum helps
in increasing nodulation and nitrogen fixation in nodule
and fixes up to 70-80 Kg of nitrogen in soil.

Sowing : Optimum moisture should be available in the
field at the time of sowing. Line sowing by seed drill
at row to row spacing of 45 cm. and plant to plant of
spacing should 5 cm.  The seed should not be sown
more than 5 cm depth.  The sowing should be carried
out when the 75 to 100 mm. rainfall received from
2nd fort night of June to 15th July.  The seed rate for
Kharif sowing of soybean is 70-75 kg/ha.

Varieties : Very early : MAUS - 47 (Parbhani sona)
80 - 85 days, Early : JS-335 (Jawahar) duration 95 to
98 days  Mid late :- MAUS-71(Samrudhi), MAUS-
81 (Shakti) and Late :- MAUS-32 (Prasad) duration
105 - 110days.

Fertilizer management : At the time of sowing
30:60:30 NPK Kg/ha. should be applied through
12:32:16 grade @ 190 kg/ha. In addition to this 20 to
25 kg of sulphur granule should be applied for
increasing oil and seed yield.

Weed management : In soybean field, 35 - 40 days
are crucial for the control of weeds. After 15 to 20
DAS, one hoeing followed by second hoeing at 35 to
40 DAS should be given for better control of weeds.
One manual weeding is also necessary for removal
of weed in the row of crop.  If the weed control in
carry out through herbicide 4.0 Kg alachlor granule
may be applied in rows to control the weed up to 30
days from sowing. Alachor is safe to soybean, it control
many annual and broad leaf weeds.

Water management : One irrigation should give to
soybean crop when there is a dry spell of more than
30 days at flowering or pod formation stage. For
moisture conservation every row furrow should be
opened for moisture conservation and   increasing the
yield of soybean by 5 to 6 percent.

Harvesting : Harvesting should be done, when the
crop is at physiological maturity stage.  At this stage
all the yellow leaves were shed from the plant.
Harvesting carried out with the help of sickle from
above the ground surface. Delay in harvesting of crop
result in to shattering of grains from the pod.

Plant protecting measures : For control of leaf
miner, one spray of monocrotophos 36 WSC 17ml /
10 lit of water through knapsack sprayer is advocated.
Similarly for control of spodoptera spraying of
chloropyriphos 20 EC, 15 ml / 10 liter of water through
knapsack sprayer is done.  Heavy attack of
spodototera as well as girdle beetle is normally
observed in soybean crop at 50 to 60 DAS.

Yield : By adopting the improved and cultural
practices for soybean cultivation, 25  to 30 q/ha yield
can be obtained.
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Wheat

Rainfall and Temperature : The optimum
temperature for the germination of wheat is in between
200 C to 220 C.  If temperature remain in higher range
germination may irregular. At the temperature above
350 C the endosperm may be undergoes
decomposition, due to activities of microorganism.
Wheat crop cannot withstand extended period of
moisture stress.

Soil : The wheat crop is grown mostly on medium to
heavy type of soil (vertisol) with depth range from 45
to 120 cm.  The soil pH ranges from 6.5 to 7.5 with
high organic matter content for good growth of crop.
The soil should have well drained condition throughout
the growing season.

Land preparation : In irrigated area wheat is sown
after the harvest of Kharif crop viz. maize, soybean
and green gram. One Ploughing followed two
harrowing are sufficient for bringing optimum seed bed
condition for sowing.  Planking is necessary for
leveling of field for good germination.

Seed and sowing : The wheat crop is generally sown
apart 22.5 cm. in row with 100 kg good seed /ha.  The
optimum sowing time for wheat is from 1st Nov. to
20th Nov. for getting the maximum yield.  In case of
delay in sowing, the seed rate may be increased up
to 125 kg/ha.

Varieties : The varieties recommended for
Marathwada region are Lok-1, PBN-51, PBN-142 ,
NIAW-301 (Trimbak), NIAW-295 (Godavari) NIAW-
917 (Tapovan), HD-2189, HD-4502,  GW-496, GW-
223 may be selected for higher yields.

Manure and fertilization : Ten tonnes of FYM
should be applied before the last harrowing operation
for good mixing into the soil. The recommended dose
of 50:50:50 NPK kg/ha should applied at the time of
sowing and remaining 50 kg N should applied after
21 DAS at crown root initiation stage. In addition to
this 20 to 25 kg of sulphur granule, 10 kg ZnSO

4
, 10

kg FeSO
4  

and 2 kg boron should applied for higher
yields.

Irrigation : The wheat crop generally required six
irrigation for expression full yield potential.  The
irrigation should be applied at CRI stage (crown root
initiation). Jointing and Late jointing, flowering, milk
stage, and dough stage.

If only three irrigations available then wheat crop
should be irrigated at CRI, booting, and milk stage.
The total water requirement for the wheat crop is 550
mm. The wheat crop in  irrigated at 60 mm of
cumulative pan evaporation.

Plant protection measure : For control of aphid,
jassid and mite, spraying should be done through
Diamethoate 30 EC 500 ml in 500 liter of water and
for the control of stem borer in wheat, Carbaryl 50
% WP 2.0 Kg in 500 lit. water should be used. The
brown rust on wheat crop is controlled by spraying of
mancozeb 50 WP 1250 g/ha in 750 lit of water.

Weed control : Two manual weeding are necessary
for control of broad leaf weed.  If the manual labour
are not available, herbicide Metsulphuron methyl 20 g
/ ha should be sprayed at 20 to 25 DAS.  The weed
controls through this herbicides are chenopodium
album (Bathuva), portulacka oleracea (Ghol),
Brachiaria eruformis  ( Shimpi)  and Lactua
rancinata (Pathari). For rodent control, Zinc
phosphide 50 part mixed in wheat flour and ground
nut oil and this material kept in the opening of the
burrow for the control of rats in the wheat field or
fumigate the burrows with aluminum phosphide at 1
tablet of 0.5 g / small burrow and 3 g/ large burrow.

Harvesting : Yellow and dry straw is an important
visual indicator for readiness to harvesting of wheat
crop.  The most suitable stage for harvesting of wheat
when the grains become hard and contain 20-25%
moisture.  Harvesting should be done manually with
sickle. Now a day, farmers are harvesting wheat crop
by using combine harvester.

Yield : The Wheat yield is obtained with good
management practices ranges from 30 to 35 q/ha.

Onion

Onion is one of the most important spice and
vegetable crop in India.  India rank first in area under
onion cultivation and 2nd in production in the world.
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Onion in eaten as a raw salad.  For dehydration
purpose and for manufacturing onion powder white
varieties are preferred.  The pungency of onion due
to sulphur bearing compound (allyl  propyl  disulphide)
present in very small quantities (0.005%).

Climate and soil : Onion can be grown under wide
range climatic conditions.  However, most of the
varieties are grown in winter season crop.  A
temperature at 20 to 250 c in considered optimum for
onion seed germination.  It requires an optimum
temperature range of 13-210 c for vegetative growth
before bulbing and temperature of 15.6 – 25.10 c for
bulb development.  Relative high temperature as well
as long photo period is essential for bulb development
in commercial grown onion in winter season.

For onion production friable soil rich in humus
which with hold sufficient moisture are desirable for
proper growth.  It grows on silt loam and heavy black
clay soil.  Sandy soil need frequent irrigation and
favour early maturity.  Where as in heavy black cotton
soil  bulb development is restricted and the crop
mature late.  The pH required for onion growing of
5.8 to 8.0.

Promising Varieties :

Pusa red: It in recommended for all over the country.
The bulbs are bronze red colour globular, moderately
sweet and pungent. It has good keeping quality and
less bolting.  Bulb mature in 100 day yield 250 to 300
q / ha.  with 13-14% T.S.S.

Agri found Dark red:  Bulbs are dark red, globular
in shape with tight skin/moderately pungent maturity
140-150 day from sowing.  The yield in 250 to 260 q
/ ha.

Agri found light red: Mostly suited for rabi season,
bulbs are light red and Globular, Bolting is less. It has
good keeping quality.  Maturity in about 160-165 days
yield 300-325 q / ha. and T.S.S. 13-14 percent

Pusa white round: Bulbs are large sized flattish
round in shape maturing in around 140-150 days after
sowing.  Yield 300 to 350 q / ha.  Good for storage
with T.S.S. 12-13per cent.

N 2-4-1: It is suitable for rabi season in Maharashtra.
It skin color is pink globe shaped. The bulbs of onion
is medium size with good keeping quality.

Raising of seedling : For raising of crop, seed are
sown in nursery bed to raise seedling for transplanting
in field.  The bed of 1.0 meter width with 3.0 meter
length to the level soil and 10 to 15 cm above ground
level are prepared in raised bed condition to avoid
water logging problem.  8 to 10 kg seed is sufficient
for raising nursery for 1 hectare.  The seed treated
with thirum 2 to 3 g/kg for avoid damage from damping
off disease.  The soil is also treated with captan 4 to
5 g/m2. Seed are sown in line at 5 to 7 cm apart on
well prepared bed and covered with soil or powered
FYM.  Bed is irrigated with water can till germination
is completed. After normal method irrigation is applied
to the nursery bed.  The seed ling are ready for
transplanting with eight week old.

Planting : The land is prepared well by Ploughing and
harrowing then planking is done for good leveling.  Flat
bed of 2-3 m wide and 3-5 m in length depending upon
the land, soil type and irrigation method are prepared.
Small bed is suitable for better irrigation.

Trans planting of seedling : In Kharif season
transplanting is done in last of week July or 1st week
of August, where as in rabi season 2nd week of
November in preferred.  For higher yield spacing
15x10 cm is recommended for onion seedling
transplanting.

Manure and fertilizer : About 20 to 25 t of FYM/
ha is considered adequate and it should be well mixed
into the soil with the last harrowing. The crop should
be fertilized at basal dose of 50:50:50 NPK kg/ha and
at the time of transplanting, 50 kg N should be given
as top dressing one month after transplanting. In
addition to this 20 to 25 kg of sulphur granule, 10 kg
ZnSO

4
 should be applied for good quality on onion bulb

and higher yields. The onion crop removes 85 kg N,
42 kg P and 130 kg Potassium from field for 300 q
yield.

Irrigation : Frequent irrigation is required during
growing period and more frequent during bulbing. The
critical stages for irrigation are bulb formation and
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enlargement.  November to December is 13 days
interval, 10 days interval during January and 7 days
interval during February to March with 60 mm/
irrigation depth.

Weed control : Onion is closely planted and shallow
rooted crop thus hand weeding is difficult and damage
the crop. Fluchloralin 4 L/ha. as pre plant application
before transplanting also proved very effective for
control of weed or application of 0.75 kg 0xadiazon /
ha to onion gave excellent control of broad leave
weed. The critical period for weed competition in up
to 40 days, after transplanting.

Harvesting and yield : Onion bulb should be
harvesting at appropriate stages of maturity since it is
deciding factor in storage life and quality of onion.  In
onion neck fall is the common indication of maturity
at harvesting one week after 50 per cent neck fall and
leaves turn yellowish is recommended. Stage of
harvesting play a major role in determining the shelf
life of onion as it linked with the physiological maturity
of bulb. Spraying of growth inhibitor like malic
hydrazide @ 2000-3000 ppm at 15 days before the
harvesting found to be effective in prevention of
sprouting of bulb of onion during storage. Cutting of
tops from 2 to 2.5 cm above the bulb prevent decay
in the storage.

Drying and curing : Proper drying of onion bulb in
the field along with the top is effective in checking
losses during storage. Proper drying and removing the
excess moisture from the outer skin and neck of the
onion in order to decrease the infection of diseases
causing microbes. Proper drying led to shriveling of
bulb in turn causes removal of moisture from the
interior layer.

Contingency planning

In case of excessive rainfall, disease epidemics,
heat wave, insect-pest incidence, less availability of
irrigation / rain, deficiency of nutrients, non-availability
of fertilizers, following systems should be adopted.

The appropriate cropping systems to be adopted in
relation to sowing dates are as follows :

Sowing within 30th June : Soybean – Rabi Sorghum,
Soybean – Chickpea, Greengram – Rabi Sorghum,

Soybean - Wheat, Bt.  Cotton - Fallow, Cotton  +
Soybean (1:1), Soybean + Pigeon pea (4:2), Sorghum
+ Pigeon pea (3:3), Castor + Soybean (1:2) and Pearl
millet + Soybean (3:3/4:2),

Sowing with first to 15th July : Cotton + Soybean (1:1),
Soybean + Pigeon Pea (4:2), Pearl millet + Pigeon pea
(3:3) and Soybean + Pigeon pea (4:2)

Sowing within 15th-30th July : Soybean + Pigeon pea
(4:2) and Pearl millet + Pigeon pea (4:2/3:3)

Sowing within 1st-15th August : Pearl millet sole, Castor
+ Coriander (Seed) (1:2) and Sole Pigeon pea or
Sunflower

If break in monsoon

1. Ensure protective irrigation : Application of
irrigation at critical growth stages of crop for
remunerative yield.

2. Extensive irrigation – at least one life saving
irrigation at the most critical stage of the crop.

3. Thinning / light hoeing to block capillaries of
soil for controlling the evaporation loss.

If early withdrawal of monsoon

1. Adopt zero tillage system

2. Sowing of Rabi sorghum / safflower /
chickpea after greengram/blackgram/soybean.

Promising crops and varieties

1. Cotton : a)  Deshi varieties : PA – 255 (Turab),
PA-402 (Vinayak).

b) American Varieties : NH-452, PH-348, NH-
545, NH-615

c) Bt Cotton (HxH) (Rainfed Varieties) : Ankur-
09, Ankur-651, NCH- 145 (Bunny), Ajit-33

2. Greengram : BPMR – 145

3. Pigeon pea : BSMR – 736, BSMR -853,
BDN-708

4. Sorghum : CSH -9, PVK – 801, PVK-809,
SPH-1567 (Parbhani Sainath)

5. Soybean : MAUS – 71, MAUS – 81.
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WESTERN VIDARBHA ZONE OF

MAHARASHTRA*

In Vidarbha region due to erratic behavior of
rainfall availability of water is not  adequate to sustain
the crop.  As a result irrigated cropping system in this
region is neglected. The reason behind this mainly
water shortage in the profile and non availability of
sufficient irrigation water for the rabi crops. Therefore,
it is felt necessary to design efficient cropping system
so as to cater the needs and sustain under limited
water condition at the same time soil fertility is one
of the important aspects which needs the proper
attention.

Production potential and yield gaps

On comparision of average yield of experimental
field and district average yield it could be seen that a
wide yield exist in all presominant crops (Table 1).

Efficient alternative cropping systems

Soybean is emerging as a major Kharif crop.
Soybean – Chickpea/Rabi Sorghum cropping system
is the best option under available moisture or under
limited irrigation for the region.

Considering productivity, monetary return, water
use, economy and improvement in soil fertility it is
recommended to adopt Soybean – Chickpea and
Soybean-rabi Sorghum sequence (Table 2 & Table
3) with two to three irrigations at primordia initiation
(30-35 DAS), flowering (70-75 DAS) and / or grain
filling (85-95 DAS) stages to sorghum.

The studies conducted  (1997 – 2003)  with an
objective to study the effect of rotation of crop

* Contributed by B.V. Saoji and J.P. Deshmukh, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola (MS)

Table 1. Grain yield of important crops (q/ha) at
experiment station and district Akola

Crops Res. Akola Yield Crop
Station Avg. Gap index

yield

Kharif Sorghum 41.16 25.70 15.46 38

Soybean 26.90 9.20 17.70 66

Wheat 32.07 15.30 16.77 52

Chickpea 23.04 9.10 13.94 61

Mustard 18.33 5.10 13.23 72

Safflower 21.33 7.90 13.43 63

Rabi Sorghum 25.18 9.00 16.18 64

S.groundnut 26.64 12.0 14.64 55

* * * * *
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Table 2. Grain and Straw yield of different soybean based crop sequence (2008-09)

Tr. Crop Sequences Kharif Rabi Summer

Grain Straw Grain Straw Grain Straw

T
1

Sorghum-Wheat 30.31 92.33 18.80 43.08 - -

T
2

Soybean-Chickpea 21.24 35.75 14.79 25.72 - -

T
3

Soybean-Mustard 21.01 36.39 18.33 - - -

T
4

Soybean-Safflower 23.53 35.97 13.76 - - -

T
5

Soybean-Sorghum-S.groundnut 21.55 38.43 20.76 68.16 21.35 36.63

T
6

Soybean-Mustard-S.groundnut 24.59 35.75 21.99 - 22.64 39.31

T
7

Soybean-Isabgul-S.groundnut 21.76 35.24 13.25 - 19.04 33.07

T
8

Soybean-Coriander-Wheat 22.35 36.78 78.06 (C) 44.11 (w) - -
18.00 (w)

T
9

Soybean + Pigeonpea -Wheat (1:1) 13.99 (S) 17.34 (S) 16.46 40.89 (w) - -
8.01  (P) 36.01 (P)

T
10

Pigeonpea- Chickpea+ Mustard (1:1) 13.26 75.36 2.60  (C) 12.60 (C) - -
2.31 (M)

Table 3. Soybean equivalent yield, land use efficiency, system productivity and profitability of different crop.

Crop rotation Soybean System Gross Net System B:C Remarks
equivalent productivity returns return profitabi- ratio

yield (kg/ha/day) (Rs./ha/ (Rs./ha/ lity (Rs/
(q/ha/year) year) year) ha/day)

Sorghum-Wheat 17.88 4.90 54111 31291 85.73 1.37 Existing Cropping
System

Soybean-Chickpea 38.08 10.43 88395 66351 181.78 3.01 Suitable for
rainfed

Soybean-Mustard 37.67 10.32 85610 67547 185.06 3.74 Suitable for
protective
irrigation

Soybean-Safflower 37.95 10.40 86190 67397 184.65 3.59 Suitable for
protective
irrigation

Soybean-Sorghum- 52.34 14.34 141690 104131 285.29 2.77 Suitable for
Groundnut command area

(EVZ)

Soybean-Mustard- 67.22 18.42 162353 126152 345.62 3.48 Suitable for
Groundnut command area

Soybean-Isabgul- 64.88 17.78 155297 117462 321.81 3.10 Suitable for
Groundnut command area

(Market Oriented)

Soybean-Coriander- 67.04 18.37 153553 122172 334.72 3.89 Suitable for
Wheat nearby Market

Soybean-Pigeonpea- 31.79 8.71 77899 55124 151.02 2.42 Not suitable
Wheat (2:1) for this region

Pigeonpea-Chickpea+ 20.58 5.64 53759 33859 92.76 1.70 Not suitable
Mustard (2:1) for this region
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Soybean - Chickpea/
Wheat/Sunflower/

Sorghum

Sorghum - Chickpea/
Wheat/Sunflower

Maize - Chickpea/
Wheat/Sunflower

Cotton - Summer
groundnut

Mungbean/Urdbean –
Safflower/Chickpea

Fig. Recommended profitable cropping sequences for Vidarbha zone.
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sequences and changing proportions of cereals,
legumes and oilseeds on crop productivity and soil
fertility have revealed that, considering the monetary
returns, benefit cost ratio, comparable total grain
productivity and maintenance of soil fertility, a two
years crop rotation of sorghum –chickpea, in the first
year and maize – wheat or soybean – wheat or
soybean – sunflower in the second year should be
grown with recommended package of practices.

Package of Practices

Based on experiments conducted over years
soybean-chickpea and soybean-wheat system were
identified to be the most efficient systems. The
package of practices for the crops are discussed here.

Soybean

Climate : Soybean crop grow better under 25 to 330C
temperature with a rainfall 700 to1000 mm.

Soil : Med. To heavy soil having pH 6.5 to 7.5

Preparatory Tillage: Ploughing once in a 3 years
and 2-3 harrowings  every year. Application and
through in corporation of 5t FYM/ha in soil before last
harrowing with  leveled land for sowing is requirement.

Seed Treatment :- 1) Before sowing, treat the seed
with 3 gm thirum or 2 gm thirum + 1 gm carbendizim
per kg seed to protect the seed from fungal diseases
and also  seed treatment with trichoderma  4 gm/kg
seed to protected from insect-pest damage . 2)
Bacterial inoculation :-  Rhizobium japonicum and PSB
200-250 gm each / 10 kg of seed with drying 2-3 hours
in shade before sowing.

Sowing time & Method : After receiving the 75-
100 mm rainfall in mansoon immediately sowing of
soybean is to be done by drilling method with seed rate
@75 kg/ha during 3rd week of June to 2nd week of
July. Late sowing any how reduce the crop yield. Prior
to actual sowing, seed germination percentage count
is very necessary. Which decides the seed rate and
its plant population /ha.

Spacing :- 45 cm between row and 5 cm between
plant to plant is adopted for sowing . Plant population
should be 4 to 4.5 lakh / ha. Sowing should be done
across the slope and in east-west direction for better
performance.

Fertilizer Management : Recommended dose of
fertilizer is 30:75 kg N & P205 /ha. For obtaining
higher yield spraying of 2 percent urea @50 and 70
DAS is preferable.

Intercropping in rainfed areas :- 1) In medium deep
soil

Soybean : Pigeonpea,  (1:1 or 2:1 or 4:2 or 9.1),
Soybean : Cotton (2:1).

Three tier system

Soybean : Sorghum : Pigeonpea (6:2:1 or 9:2:1)

Plant protection

Wilt/root rot : Treat the seed with Thiram or Captan
@ 3g/kg seed and Trichoderma @4g/kg seed

Gram pod borer : Two spraying of Formathion 25EC
(25ml/l0 litre), or Endosulfan 35EC (15ml/10 litre),
Fozalon 35 EC (15ml/10 litre) and Quinalphos 35EC
(16ml/10 litre) at 50% flowering and 2nd 15 days
threrafter.

Irrigation : Pre sowing irrigation to have optimum
plant population. Later three irrigations, bud formation,
flowering and pod filling stages.

Intercultural operations

1) Hoeings :- First hoeing at 15-20 DAS and
second at 30-35 DAS)

Weed Management :

1) Before sowing: Spraying of  Flu chloraline
(Basaline 45%) 1 kg a i /ha ( 2 lit/ha) or
Trifluchloralnce ( 48%) 1 kg a i / ha (2.5 lit / ha) in
600-700 lit of water on land followed by one harrowing
for proper mixture in soil.

2) Pre emergence: Just after sowing or before
emergence, spraying of Alachlor ( Lasso 50%) 2 kg
a i/ha ( 4 lit /ha) or Metachlor (Duel 50%) 1 kg a i /
ha ( 2 lit/ha) or Pendimethalene (Stomp 30%) 4 lit/ha
and carry over the hoeing or weeding if necessary after
40 DAS.

Irrigation : If dry spell occurs in kharif season carry
over two irrigation first at flowering stage and second
at grain filling stage.

Pest Control: Major pest occurs on soybean are
Tobacco leafating caterpillar and girdle bittle, adopt
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spraying of Endosulfan 35 % EC @15 ml or
Dimethoate 30% EC @10 ml / 10 lit. water to control
these pest.

Harvesting and Threshing: Harvesting is done
when leaves becomes yellow and start to fall and pods
are matured (120-130 DAS) . While threshing the
speed of thresher should be kept at 350-400 RPM to
prevent damage of seed.

Storage : The moisture in seed should be 10-12
percent while storing in storage protection from storage
pest and diseases are needed is care.

Chickpea

Land requirement: Medium to heavy well drained
soil with normal pH.

Land preparation : Ploughing, clod crushing and
harrowing.

Apply 20 kg N and 40 P under rainfed while 25 kg N
and 50 kg p/ha under instant conditions. Both N & P
should be applied.

Recommended fertilizer (kg/ha) : Rainfed N = 20,
P = 40  Irrigated N = 25, P = 50

Improved varieties : Rainfed : Chaffa, PG-12,
ICCV-2, BDN 9-3, Jaki - 9218, Irrigated :  SAKI-
9516,ICCV-2, AKGS-1, Gulak-1, Jaki - 9218

Seed treatment : 3 gram thiram per kg of seed.

Inoculation : Rhizobium+PSB seed inoculation just
before sowing @ 25 g/kg seed each.

Seed rate : For rainfed 50-60 kg and for irrigated 75-
100 kg/ha, 50-60 kg for AKGS-1, and SAKI-9516, 75-
85 kg for JAKI-9218 100 kg/ha for ICCV-2, PKV
Kabuli-2 & PKV Kabuli-4.

Spacing : 30x10 cm

Sowing : Seeding by seed drill.

Weed control : 2nd  hand  weeding  crop should be
kept weed free upto 40 days from sowing.

WHEAT

Climatic requirement : The cool and sunny winters
are very conducive for growth of wheat crop. Cool
dry climate is suitable, sub-humid, dew forming for

longer period climate gives higher yields. But sudden
fall in night temperature near to O oC is injurious to
the crop. The following temperature is required for
optimum growth and development

Growth stages Temperature requirements

Germination 20 to 25°C mean daily

Accelerated growth 20 to 23°C mean daily

Proper grain filling 23 to 25°C mean daily

Soil requirement : Wheat crop requires well drained,
medium to heavy soil for higher yield. However, under
balanced fertilization, marginal/light soil can be
preferred, saline soils are not desirable for wheat
cultivation, but it can be acceptable as compared to
other crops.

Land Preparation : The Wheat crop requires a well
pulverized but compact seed bed for good uniform
germination. After the harvest of short duration pulse
crop, land should be ploughed and harrowed  two to
three times. Before last harrowing 25-30 cartloads of
well-decomposed FYM/ha should be evenly spread.

Wheat Varieties : Various wheat varieties are used
for normal sowing under rainfed and irrigated timely
and late sown condition. These are as follows.

Rained condition: AKDW-2997-16, N-59, MACS-
1967, NI-5439

Irrigated timely sown condition:  AKW-1071
(Purna), AKAW-3722 (Vimal), MACS-2496, HD-
2189, MACS-2846, NIAW-301 (Trimbak) , NIDW-
295 (Godavari).

Irrigated late sown conditions:  AKW-381, HI-977,
HD-2501, AKW-1071 (Purna), NIAW-34

Seed treatment : For the control of diseases like
Bunts and Smuts, seed treatment is suggested with
Vitavex, Bavistin, Thiram or Agrosan GN @ 2.5 gm
per kg of seed. For higher yield of wheat crop, bio-
fertilizers i.e. Azotobacter and PSB @ 250 g each per
10 kg seed should also be applied.

Seed and Sowing : Appropriate time of sowing,
spacing & seed rates for different conditions are as
follows:
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Conditions Seed Time of Row to
rate sowing row

(kg/ha) spacing
(cm)

Rainfed 75 Second FT of Oct. 23

Irrigated
Timely sown 100 1-15 November 23
Late sown 150 15 Nov.-15 Dec. 15-18

The seed should be placed at 5-6 cm deep below
the soil where sufficient soil moisture is available to
enable seed germination. The best method of sowing
is with a seed drill or dropping of seeds with a pipes
(Sarta) attached to a seed drill. Broadcasting is found
to be inferior to line sowing with seed drill.

Fertilizer Application : The fertilizer application
should normally be on the basis of soil test. In case
the facility for soil testing is not available, fertilizer may
be applied at the following rates:

Under optimum water availability :

Six Irrigations recommended at the following stages.

1. Crown Root Initation stage 18-20 DAS.

2. Maximum Tillering 30-35 DAS.

3. Late Jointing 45-50 DAS.

4. Flowering 65-70 DAS.

5. Milk stage 80-85 DAS.

6. Dough stage 95-100
DAS.

Plant Protection measures : Based on different
modules formulated and validated at farmers fields, the
following package could be used for IPM in wheat:

• Use of high yielding disease resistant Wheat
varieties

• Timely sowing in zero till or well prepared
field.

• Application of recommended doses of
fertilizers

• Seed treatment with carboxin or carbendazim
@ 1.25 gm/kg seed and Trichoderma
harzianum @ 2g/kg seed.

• Seed treatment with chlorpyriphos 20 EC @
4 ml/kg seed in termite infested areas.

• Use of weedicide STOMP (pendimethylene)
@ 3.5 l/ha at pre-emergence or Isoproturan
@ 1.25 kg or Topic @ 400 g/ha or other
weedicides after about 35 days of sowing.

• Recommended number of irrigations at
different stages.

• Applications of Tilt (Propiconazolw) @ 500
ml/ha immediately after the appearance of any
of the diseases i.e. rust/foliar blight/powdery
mildew or at heading in seed crop.

The IPM approach would help in reduction in
costs of production, more economic access of food
to the poor and conservation of the resilience and
integrity of the ecosystem.

Condition Fertilizer Time
Requirement (kg/ha)

N P K*

Rainfed (basal) 40 20 Nil At sowing

Irrigated timely 60 60 40 At sowing
sown 60 0 0 At 18-20 DAS

Irrigated late 40 40 40 At sowing
sown 40 0 0 At 18-20 DAS

* Potash (K) should be applied if necessary on the basis
of soil test only .

Irrigation

Under limited water availability

One irrigation In between CRI and Late
Jointing (40-45DAS)

Two irrigation At CRI* and flowering
(18-20,60-65DAS)

Three irrigation At CRI*, Late jointing (18-
20,60-65 DAS) and
flowering (18-20,40-45and
60-65DAS).
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Harvesting & Threshing : The crop is harvested
when the grains become hard and the straw becomes
yellow, dry and brittle. The best time of harvesting is
at a grain moisture of 15 per cent and when the seed
has become hard. Threshing is generally done by
various types of threshers which are common in
different parts.

Storage : The grain should be thoroughly dried before
storage. Grains with less than 10% moisture store well.
The storage pits, bins or godowns should be moisture
proof and should be fumigated to keep down the
attack of stored grain pests.

Contingency plan

A) Late onset of monsoon by 2 to 3 weeks (2nd

July to 15th July):

1. Cotton

1) Use early maturing short duration cotton
varieties viz.

2) use 20% more seed rate than
recommendation

3) Use to follow close spacing by reducing plant
to plant and row to row direction.

4) Try to inter crop the cotton with mung, udid,
soybean

2. Sorghum

Hybrid seed of CSH-9 or CSH-14 is to be used
for sowing. 20 to 25% more seed rate than the
recommended be used for sowing.

3. Soybean

Under drought condition use soybean varieties viz.
JS-335, TAMS-38 & TAMS- 98-21 for sowing. The
variety TAMS-38 was found to be best for drought
conditions. Seed rate 75 to 80 kgha-1. After every 2,
6 or 9 rows of soybean a single row of Pigeonpea be
incorporated as an intercrop.

4. Pigeonpea and other pulses

The sowing of the short duration Pigeonpea and
other pulses is to be done as per normal season

B) Late onset of monsoon by 4 weeks (16th July
to 22nd July)

All the above practices should be followed along
with the following:

• Reduce the fertilizer dose by 25% of the
normal dose.

• The area under the hybrids should be reduced
and replaced with improved and straight
varieties of the crops.

C) Late onset of monsoon by 5 weeks (23rd July
to 29th July)

Avoid cotton sowing, if not possible use only deshi
improved cotton varieties with 20to 25 % more seed
rate for late sowing. Avoid the Sorghum sowing if not
possible then sowing is to be done with increased seed
rate of 30% than the normal seed rate. Instead of
sorghum sole crop intercropping after every 3rd or 6th

row of sorghum crop to be followed to reduce the
possibilities of crop failure. Soybean crop is to be sown
up to 25th of July and then the sowing of soybean be
stopped. Avoid the sowing of greengram and
Blackgram in late hours.
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MALWA PLATEAU AND NARMADA BASIN

ZONE OF MADHYA PRADESH*

The problems of entire Malwa Plateau and Nimar
Valley zone having medium and deep black soils
classified as Vertisols with poor infiltration rate.  The
Indore centre is representative for Western Madhya
Pradesh covering Indore, Ujjain, Devas, Mandsaur,
Neemach, Ratlam, Rajgarh, Shajapur, Khandwa,
Khargone Badwani , Jhabua and Alirajpur districts of
the state.  Growing of crops in kharif season is difficult
due to poor drainage resulting into low crop intensity
with poor productivity.  The development and spread
of alkalinity are emerging problems of this zone.  The
major crops grown are soybean, cotton, sorghum,
pigeonpea, moong and maize in kharif season and
wheat, chickpea and linseed in Rabi season under
rainfed conditions. Complete failure of soybean or its

low yield due to early termination of rains is posing
problem for shifting of soybean by substituting suitable
alternate crop. The predominant cropping systems of
these areas are Soybean - Wheat and Soybean - Gram.

Production potential and yield gaps

Based on the differences between the maximum
yield obtained at research farm and average yield
obtained in the district Indore a wide gap ranging from
29 to 60% could be noticed (Table 1) which is bridgable.

Efficient alternative cropping systems

Based on studies conducted at the Indore centre of
AICRP on cropping systems the efficient alternative
cropping systems were identified as detailed in Table
2 & 3. Among the systems soybean-wheat-potato-late
wheat system was identified to be most efficient system
for the zone.

* Contributed by V.S.Gautam and N.K.Sinha, College of Agriculture, Indore, RVSVV, Gwalior, M.P.

Table 1.  Maximum yield of different crops at experimental field and average yield in district Indore

Crop Maximum yield Average yield in district Indore (q/ha)

at experimental 2001 2002 2003 2004 2005 Max. Gap Gap Gap
field (q/ha)  (q/ha) (%)

Soybean 2052 1370 850 1078 1084 1264 1129 923 55
Maize 4457 1484 1200 1472 1151 1105 1282 3175 29
* Sorghum 2825 1237 950 1304 1222 1441 1231 1594 44
* Pegionpea 1420 1275 600 641 610 568 739 681 52
Wheat 5130 800 800 2576 2710 1564 1690 3440 33
Gram 1786 725 800 900 937 965 865 921 48
Mustard 1298 700 600 881 894 831 781 517 60
Potato 21010 - - - - -

* Yield as inter-crop (4:2 row ratio); Sources: Agriculture statistics of Madhya Pradesh

Table 2. Productivity of different crop-sequences at Indore Center (2001-2002 to 2005-06)

Efficient alternative(s) Crop- sequences Mean grain yield (q/ha) SEY

Kharif Rabi Kharif Rabi                     (q/ha)

* Most Efficient alternative Soybean Potato Late Wheat 1821 14459 1967 9157
Existing Soybean Wheat - 1707 4467 - 4685
Efficient alternatives:   1 Soybean + Maize Wheat - 1092 + 1897 4763 - 5216
                                       2 Soybean + Jowar Wheat - 1017 + 1723 4657 - 4984
Existing Soybean Gram - 1724 1398 - 3472
Efficient alternatives:   1 Arhar Wheat - 690 4462 - 4010
                                       2 Soybean + Maize Gram - 857 + 1865 1622 - 3818
                                       3 Soybean + Jowar Gram - 937 + 1833  1484 - 3709
                                       4 Maize Gram - 3179 1563 - 3544

Note: Cost (Rs.) of Soybean: 1200 Maize: 600         Sorghum: 600 Pegionpea: 1800
                                 Wheat: 800 Gram:1500         Mustard: 1500             Potato: 500
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Table 3. Production efficiency and water use efficiency of different crop- sequences at Indore center (2001-02 to 2005-06)

Efficient alternatives Crop- sequences Productivity Water use NMR B:C
Kharif Rabi (kg/ha/day) efficiency (Rs./ha) Ratio

(kg/ha/cm)

* Most Efficient alternative Soybean Potato Late Wheat 33.2 94.4 54325 2.94

Existing Soybean Wheat - 20.8 60.8 25884 2.27

Efficient alternative:   1 Soybean + Maize Wheat - 23.2 67.7 29453 2.47

                                        2 Soybean + Jowar Wheat - 21.6 64.7 29558 2.45

Existing Soybean Gram - 14.8 48.2 19862 2.13

Efficient alternative:    1 Arhar Wheat - 15.6 50.1 19973 2.15

                                        2 Soybean + Maize Gram - 16.3 53.0 24405 2.39

                                        3 Soybean + Jowar Gram - 15.4 51.5 23445 2.34

                                        4 Maize Gram - 15.1 49.2 24759 2.56

Adoption of system based crop technology developed
during 2006-07.

Technology developed Adoption

Location Area (ha)

Soybean-potato-late wheat system Mhow 1255
under irrigated conditions. Indore

Intensification of soybean with major Depalpur 2008
millets like maize / sorghum as Dhar
intercrop-wheat system

Application of NPK and micronutrients Malwa    3597159
containing fertilizers on the basis of soil platue
test analysis in soybean–wheat system

Integrated weed management in soybean- Malwa Most of the
wheat system. platue farmers

Maize-Potato-Onion system under Mhow 2700 ha.
irrigated conditions. Sanwer

Package of practices

The package of practices for growing different
promising crops in the zone are discussed here.

Promising varieties: The crop varieties recommended
for different sowing window are detailed below.

Crops Varieties recommended

Up to July, 15 July, 15-30

Soybean JS 93-05, Smrat, -

Monetta NRC-7

Maize Sathi, JM-8, JM-12, Sathi, JM-8, JM-12,

Novjot, IVM-421 Novjot, IVM-421

Pigeon pea ICPL-151, T-21, Kh-2, ICPL-151, T-21, Kh-2,

ICPL-87, ICPL-88039, ICPL-87, ICPL-88039,

 ICPL-87119 ICPL-87119

Sunflower Morden, Surya, Manjira Morden, Surya,

and other Hybrids Manjira and

other Hybrids

Moong JM-721, Khargone-2, -

Pusa Baishakhi,

Kopargaon

Urd JU-8-6, T-9 -

Fodder - Sorghum sudanensis,

Maize- Afican tall etc.

Management practices: The agronomic
management practices for different crops are
detailed in Table 4.
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SOUTHERN TELANGANA ZONE OF
ANDHRA PRADESH*

Rice occupies largest area of 39.46 l ha in Andhra
Pradesh.  It is a water-guzzling crop.  It is mostly grown
in low land irrigated, puddle eco system to the extent
of 25.78 l ha in kharif.  In the rabi season, it is grown
as a sequence crop on 13.68 l ha.  This system of
growing rice-rice continuously is a liability to the
resources.  It removes huge quantity of nutrients.  This
system also require huge quantity of about 2500 mm
water for irrigation to prepare the land and  to maintain
submergence during the two seasons.  This practice is
reported to have the lowest water productivity of 3000-
5000 litres to produce 1 kg ha-1 grain (Bouman 2001).
The puddle condition forms hard pan below the soil
surface (Sharma et al., 2003).  Water is becoming
increasingly scarce in the rabi season.  The water
table recedes rapidly with advance in age of the crop
and more often become a serious limitation during the
critical reproductive phase.  Several farmers harvest
ill filled grains and some times only sheaves. These
alarming situations warrant efficient utilization of water
and nutrients applied without destroying the soil
structure and earn high profits.  The possible approach
to this direction is to diversify rice with more efficient
and profitable crops.  Hence experiments were conducted
to explore an array of options to substitute rice.

Production potential and yield gaps

The production potential of rice in Andhra Pradesh
is 4 t per hectare in kharif and 4.5 t in rabi.  The
farmers of the state on an average reap substantially
low quantity of 2.5 t in kharif and 3.6 t ha-1 in rabi
(Directorate of Economics and Statistics, 2007).  This
wide gap of 1.5 t in kharif and 0.9 t in rabi owe to a
plethora of soil physical conditions, fertility, productivity,
availability of water, variations in quantity of inputs,
crop protection measures, age of seedlings time of
planting, weeding and several other such variations in
management practices by the farmers.  The non
availability of labour in time is the major cause for such
wide variation in crop management.

The area under rice is almost static ranging from
35.53 to 39.82 lakh  ha during the past 30 years in
Andhra Pradesh.  But,  the production increased
consistently from 57.00 to 117. 04 l t.  This was due to
concomitant improvement in productivity from mere
low of 16.04 to 29.40  q ha-1 (Fig. 1).  Maize, groundnut
and castor are the fast emerging potential crops in the
rabi season with low water requirement.

The most spectacular increase in area was
witnessed for the cultivation of maize from a bare low
of only 2.97 to 7.58 ha.  This was 255 % expansion
due to its ease of cultivation and dependable profits.

ZONE 10. SOUTHERN PLATEAU AND HILLS REGION
This zone consists of fourteen districts of Andhra Pradesh, thirteen districts of Karnataka

and nine districts of Tamil Nadu. Four on-station and three on-farm centres of AICRP on
Integrated Farming (Cropping) Systems are located in this zone. The resource efficient
alternative cropping systems as identified and the production practices developed for selected
crops of the systems are discussed here with special reference to following sub-zones of
different states.

● Southern Telangana zone of Andhra Pradesh

● Northern Telangana zone of Andhra Pradesh

● Southern Transitional zone of Karnataka

● North dry zone of Karnataka

● Agro-climatic zones of Tamil Nadu

* Contributed by Shaik Mohammad, S. Sridevi, V. Sailaja and M. Venkata Ramana, AICRP on Cropping Systems, Acharya N G Ranga
Agricultural University, Rajendranagar, Hyderabad-500030, AP.
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The production on the other hand increased almost 6
times raising from 4.84 to 30.87 lakh t.  The productivity
increased from 16.33 to 40.73 q ha-1 reaching almost
the productivity level of rice (Fig. 2).

scarcities.  It is also susceptible to a wide spectrum of
pests and diseases. But, its hardy nature to extreme
water scarcities appeals the farmers to extend its
cultivation (Fig. 3).

Castor is one of the tough crop to endure the harsh
edaphic and climatic conditions and hence it is the pearl
of poor farmer dwelling on neglected soil and harsh
environment. Its cultivation is limited to 3.45 lakh  ha
and production is 1.43 lakh tones.  Though the crop did
not make a spearhead in its cultivated area over the
past 30 years, its yield increased progressively from
an average of 259 to 406 kg beans ha-1.
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Fig. 1. Area, Production and Productivity of Rice in Andhra
Pradesh

Groundnut presently occupies large area of 18 lakh
ha producing 21.67 lakh tones of nuts with a per hectare
production of 1204 kg ha-1. The historical evidence
since 30 years  endorse that this crop was cultivated
on a less area of 14.71 lakh ha producing 14.13 lakh
tones and productivity of 961 kg ha-1. The crop is highly
sensitive to the soil physical conditions and water
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 Fig. 4. Area, Production and Productivity of Castor in
Andhra Pradesh

The yield gap analysis between the potential and
the average yield realization in the zone exhibited that
there is a scope to narrow it down substantially through
better management approaches (Table 1).  There is a
potential to harvest 5.7 t rice ha-1 in kharif while the
average in the zone is only 2 .6 t ha-1.  Similarly there
is a gap of 1.2 t ha-1 rice yield in the rabi season.  The
potential of maize is to yield 5.7 t in kharif and 4.3 t in
rabi.  The average in the zone is 2.6 t ha-1 in kharif.
Therefore there is a wide scope to increase this  yield
level by more than 2 fold.  However, the average yield
in the zone is similar to the potential.  Castor as a rabi
crop is a new innovation with a high potential of 2.8 t
ha-1 It is rarely cultivated by the farmers in the rabi
season.  Its introduction in lieu of rice during rabi has
a high yield potential.  The average yield of groundnut
is 1.1 t ha-1against the potential of 1.8 t ha-1.  Although
tomatoes and green chillies are widely grown their yield
in farmers fields is extremely governed by variations
in management practices. There is a good scope to
enhance the productivity.

0

10
00

20
00

30
00

40
00

50
00

1974
1978

1982
1986

1990
1994

1998
2002

2006
Year

A
re

a
/P

ro
d

u
c
ti

o
n
/P

ro
d

u
c
ti

v
it

y

Area(000 ha)

Production(000tons)

Productvity (kg/ha)

Fig. 2. Area, Production and Productivity of Maize in
Andhra Pradesh
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Onion is grown on an area of 31, 000 ha in the
state. It has a potential of 18 t ha-1while the zonal
average is 13.7 t ha-1. Proper management of this crop
is therefore likely to further trigger the production by
another 4.4 t ha-1. This analysis fairly indicate that the
simple expedient of better crop management increase
the level of crop production substantially in addition to
conservation of most critical natural input of water.

Efficient alternative cropping systems

Productivity

Different cropping systems were evaluated from
2004 to explore the feasibility to diversify the existing

rice-rice cropping system.  The data presented in table
2 indicate the rice equivalent yield of different cropping
systems and the relative measure of the reliability of
the system in terms of sustainability index.  Three
cropping systems viz Maize-onion, maize-tomato and
maize-castor substantially increased the mean rice
equivalent yield to as high as 12320, 12077 and 9207
kg ha-1 in contrast to a low of 7855 kg ha-1 from the
rice-rice cropping system.  This accounted for 156,
153 and 117 % yield advantage.  But, the wide
fluctuations in yield and market prices of onion, tomato
and castor from year to year made the system less
sustainable.  The sustainability index of these 3 systems
was 0.68, 0.41 and 0.61 respectively compared to 0.78
from rice-rice cropping system.  Similarly Alok Kumar

Table 1. Production potential of different crops and yield gaps in Southern Telangana Zone

Crops Maximum Yield in Experiments (q ha-1) Average yield in the zone (q ha-1) Yield gap(q ha-1)

Kharif-Rabi Kharif Rabi Kharif Rabi Kharif Rabi

Rice-Rice 45.74 48.98 26.31 36.81 19.43 12.17

Rice-Maize 56.92 43.23 26.31 43.16 30.61 0.07

Maize-Castor 56.92 28.09 23.98 3.94 32.94 24.15

Maize-Groundnut 56.92 17.88 23.98 11.47 32.94 6.41

Maize-Mustard 56.92 6.16 23.98 5.16 32.94 1.00

Maize- Tomato 56.92 132.81 23.98 78.40 32.94 54.41

Maize-Chillies 56.92 80.93 23.98 31.79 32.94 49.14

Maize-Bengalgram 56.92 6.43 23.98 4.87 32.94 1.56

Maiz- Onion 56.92 181.03 23.98 136.67 32.94 44.36

Maize+ Red Gram 5.42 23.98 4.01 32.94 1.41

Table 2. :Rice equivalent yield (kg ha-1) of different cropping systems and sustainability index

Treatment 2004-05 2005-06 2006-07 2007-08 Mean Sustainability index

Rice – Rice 8410 8117 8640 6253 7855 0.78

Rice – Maize 6993 7598 8761 8472 7956 0.82

Maize – Castor 8703 7936 8178 12012 9207 0.61

Maize – Groundnut 5950 7499 7730 8501 7420 0.75

Maize – Mustard 3304 4909 6483 4988 4921 0.56

Maize – Tomato 18558 10227 10848 8676 12077 0.41

Maize – Chillies 5446 6309 7782 10692 7577 0.49

Maize – Bengal gram 4058 5617 5944 5503 5281 0.75

Maize - Onion 12359 9596 14926 12397 12320 0.68

Maize + Red gram 3843 5741 6135 4843 5141 0.67
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et al (2008) observed that in spite of substantial
increase in rice equivalent yield of rice-onion cropping
system, the sustainability index reduced considerably
compared to rice-wheat cropping system.  The most
sustainable cropping system was rice-maize.  It
recorded maximum sustainability index of 0.82.  But,
the rice equivalent yield of this system (7956 kg ha-1)
was similar to rice-rice cropping system.  Hence rice-
maize is a dependable cropping system with low risk
of yield and market price fluctuations. Maize-groundnut
and maize-bengal gram were also almost equally
dependable cropping systems as with rice-rice with a
sustainability index of 0.75.

Nutrient uptake

Maize removed relatively more quantity of NPK
compared to rice both in kharif and rabi seasons (Table
3).  Thus the rice-maize cropping system removed larger
quantity of 150.4, 33.1 and 147.6 kg ha-1 compared to
129.1 28.0 and 130.3 kg ha-1 of these nutrients.  Onion
was the most exhaustive sequence crop.  It removed
almost 2 times N and K but 3 times more P than rice.
Therefore, maize-onion was the most nutrient
exhaustive sequence.  It removed as large as 208.4,
54.1 and 180.2 kg ha-1 NPK.  This is alarming.  The
soils are already fatigued and further depletion of the
nutrients make them much more sick and may develop
multiple nutrient deficiencies making the soil less

productive very rapidly.  The maize-tomato cropping
sequence was also nutrient exhaustive although it also
fetched higher rice-grain equivalent yield.  Tomatoes
removed double the quantity of N and P and higher
quantity of K than rice in the rabi season.  The total
drain of nutrients was 206.8, 41.0 and 158.1 kg ha-1

NPK.  Maize-castor system removed 163.8, 31.9 and
140.9 kg ha-1 of these nutrients.  This could be
considered as almost equal to nutrient need of rice-
maize cropping system.  Maize-groundnut also removed
almost equal quantity of N and P but less K content
from the soil.  These investigations established that in
maize based cropping systems, the option should be
restricted to groundnut or castor in the rabi season to
save the soil fertility from heavy depletion of nutrients.

Soil fertility

The soil was alkaline after 4 cycles of cropping
systems as in the beginning of the experiment (Table
4).  The EC tended to increase in rice-rice and rice-
maize cropping systems only at the end of kharif
season.  The organic carbon content was more after
the kharif season but did not show transparent
deviations from the initial level in different cropping
systems after rabi.  The soil available P improved from
the initial of 32 to 34.90 kg ha-1 after kharif and 36.51
kg ha-1 after rabi in the rice-rice cropping system.  But,
the initial level was sustained in rice-maize cropping

Table 3. Nutrient uptake (kg ha-1) uptake  by different cropping systems (Mean of 4 Years)

Cropping System Kharif Rabi Total

N P K N P K N P K

Rice-Rice 71.0 16.7 63.0 58.1 11.3 67.3 129.1 28.0 130.3

Rice-Maize 75.0 15.9 60.7 75.4 17.2 86.8 150.4 33.1 147.6

Maize-Castor 82.4 16.8 69.8 81.4 15.1 71.1 163.8 31.9 140.9

Maize-Groundnut 80.3 18.1 70.9 80.2 13.1 50.7 160.5 31.1 121.7

Maize-Mustard 79.3 19.4 71.6 52.3 8.7 45.9 131.6 28.1 117.4

Maize- Tomato 81.3 17.4 75.2 125.5 23.6 83.0 206.8 41.0 158.1

Maize-Green Chillies 80.9 17.2 72.3 117.4 22.3 77.8 198.3 39.5 150.1

Maize-Bengal gram 84.0 17.3 75.9 56.4 11.4 49.3 140.4 28.7 125.2

Maiz- Onion 78.1 19.2 65.0 130.3 35.0 115.2 208.4 54.1 180.2

Maize+ Red Gram 78.0 17.3 69.7 49.1 8.0 43.6 127.1 25.3 113.3
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system after the completion of 4 cycles.  Maize-castor
and maize-groundnut left the soil with higher quantity
of 38.27 and 42.46 kg available P ha-1 at the end of 4
years while the soil had 40.97 kg available P after maize-
onion cropping system.  The available K content was
relatively low after the harvest of rice or maize in
kharif. It ranged from 174 to 197 kg ha-1 but the
difference in depletion of soil available K narrowed
down after the harvest of rabi crops compared to the
initial value of 224 kg K ha-1.  The soil had an available

balance of 196 to 214 kg ha-1.  Thus there was no
serious loss in organic carbon and available P after 4
cycles of different cropping systems.  But, there was
a slight reduction in available K.

Nutrient balance

Rice-rice cropping system heavily depleted the soil
available nitrogen consistently during the 4 years ( Table
5).  Maize –onion cropping system also removed this

Table 4. Soil fertility status under different cropping systems after harvest of kharif  and rabi crops

Treatments Kharif Rabi

pH EC OC Av P Av K pH EC OC  Av P Av K
(dSm-1) (%) (kg ha-1) (kg ha-1) (dSm-1) (%) (kg ha-1) (kg ha-1)

Initial 8.4 0.27 0.54 32.0 224

Rice - Rice 8.15 0.51 0.69 34.90 175 8.29 0.23 0.58 36.51 200

Rice - Maize 8.20 0.47 0.68 32.20 174 8.20 0.20 0.62 34.49 198

Maize - Castor 8.28 0.30 0.64 29.50 188 8.17 0.19 0.49 38.27 208

Maize - Groundnut 8.29 0.25 0.65 30.60 189 8.22 0.21 0.56 42.46 214

Maize - Mustard 8.30 0.27 0.65 24.30 187 8.18 0.20 0.55 40.12 201

Maize - Tomato 8.32 0.24 0.68 26.50 186 8.32 0.19 0.57 36.81 201

Maize - Gree Chillies 8.34 0.25 0.63 25.80 183 8.26 0.21 0.57 33.61 189

Maize -  Bengal gram 8.29 0.28 0.62 23.40 186 8.29 0.18 0.59 32.41 201

Maize - Onion 8.31 0.23 0.64 24.50 197 8.22 0.22 0.56 40.97 196

Maize + Red gram 8.34 0.28 0.67 23.90 191 8.21 0.21 0.57 35.75 205

Table 5.  Nutrient balance under different cropping systems

Cropping System N Balance P Balance K Balance

2004- 2005- 2006- 2007- 2004- 2005- 2006- 2007- 2004- 2005- 2006- 2007-
05 06 07 08 05 06 07 08 05 06 07 08

Rice-Rice -106 -121 -76 -137 -32 -36 -20 -5 39 56 13 -10

Rice-Maize -90 -124 -86 -52 -26 -40 -17 9 43 37 6 78

Maize-Castor -84 -25 -34 -6 -5 -34 -9 7 50 62 1 101

Maize-Groundnut -3 23 20 4 -6 -31 -10 7 48 76 -19 38

Maize-Mustard -25 13 -27 -73 -9 -23 -9 5 48 120 -28 6

Maize- Tomato -64 -65 -82 81 1 -40 -21 20 60 70 -35 115

Maize-Chillies -58 -56 -86 36 5 -39 -21 5 76 47 -29 71

Maize-Bengalgram -30 43 10 -17 -8 -32 -8 -12 40 93 -18 30

Maiz- Onion -102 -91 -94 43 12 -36 -11 51 46 37 53 156

Maize+ Red Gram -20 66 14 -29 -4 -16 12 8 84 87 22 40
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nutrient in almost equally larger quantity during the first
3 years, but, left behind a positive balance of 43 kg N
ha-1 during the 4th year. Maize –tomato and maize-
chillies were relatively less exhaustive.  The soil had a
large negative balance due to rice-maize cropping
system during the first 3 years while it reduced to a
low negative balance of only 52 kg ha-1 in contrast to
137 kg ha-1 N ha-1 in rice-rice cropping system.  Maize-
castor depleted the soil nitrogen at a very low rate.  In
the 4th year, the soil had a negative balance of only 6
kg ha-1 N.  Maize-groundnut cropping system sustained
the availability of this nutrient.

The rice-rice and rice-maize cropping systems
depleted the soil available phosphorus leaving behind a
negative balance consistently in the 3 years.  Maize –
tomato and maize-chillies depleted this nutrient heavily
in the 2nd and 3rd year.  The balance of soil available P
was negative in the 4th year only in rice-rice and maize-
bengal gram cropping systems. Rice-maize, maize-
castor and maize-onion cropping systems had a positive
balance of available potassium all through the 4 year
cycles.   The rice-rice cropping system recorded a
low negative balance of this nutrient only in the 4th

year.

The results showed that the depletion of soil
available nitrogen was persistent all through the 4 year
cropping cycles of rice maize, maize-castor and maize-
onion.  The balance of soil available phosphorus was

negative continuously in 3 years but there was a net
gain of 7 to 51 kg P ha-1 after 4 years.  There was a
net gain of available Potassium in the soil after each
cycle of these cropping systems.  These trends indicate
the need to substantially increase the level of
nitrogenous fertilizer and a moderate dose of P in rice-
rice, rice-maize, maize-castor and maize-onion cropping
systems.

Resource use efficiency

In the present day context of rapid degradation of
natural ecosystems and yield of crops, the resource
use efficiency and sustainability of cropping systems
are gaining considerable attention of scientists all over
the globe.   The resource use efficiency of different
cropping systems was evaluated through different
approaches proposed by Singh et al (1990) and
presented in Table 6.  Maize-onion was most resource
use efficient cropping system.  Its merit was in terms
of production, water, land use efficiency and the total
number of man days required per hectare. Maximum
production use efficiency in terms of rice equivalent
yield and rice equivalent returns of 57.84 kg ha-1 day-1

Rs. 279.64 ha-1 day-1 were much higher than the
respective productive efficiency of 28.26 kg ha-1

day-1 and Rs. 82.53 ha-1 day-1 from the existing rice-
rice cropping system.  It utilized the water almost 3
times more efficiently in terms of crop production and
5 times in terms of net profit.  The water use efficiency

Table 6. Resource use efficiency of different cropping systems

Treatment PUE WUE LUE Total Man
(kg ha-1 REY ha-1day-1) Rs ha-1 day-1 (kg  REYha-1cm-1) Rs ha-1 cm-1 (%) (days  ha-1)

Rice – Rice 28.26 82.53 32.73 95.59 76.16 110

Rice – Maize 31.20 117.46 43.59 164.13 69.86 100

Maize – Castor 38.68 167.26 105.22 454.96 65.21 71

Maize – Groundnut 33.73 130.21 65.96 254.63 60.27 110

Maize – Mustard 21.77 63.12 53.20 154.22 61.92 77

Maize – Tomato 46.10 183.38 84.75 337.16 65.21 146

Maize – Chillies 31.84 103.63 53.17 173.07 71.78 144

Maize – Bengal gram 28.39 88.07 64.01 198.56 50.96 82

Maize - Onion 57.84 279.64 100.57 486.23 58.36 105

Maize + Red gram 33.38 136.75 55.58 227.66 42.19 56
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was 100.57 kg ha-1 cm-1 and Rs. 486.23 ha-1 cm-1 in
contrast to 32.73 kg ha-1 cm-1 and Rs. 95.59 ha-1 cm-1

in rice-rice cropping system.  In the present context of
acute labour shortage at different times of crop growing
stages, maize-onion could find suitable niche requiring
only 58.36% of the days in the year compared to the
LUE of 76.16% for rice-rice.  The total duration for
these cropping systems was 105 days compared to
110 days for the later.

Maize-tomato and maize-chillies were also the
other alternative cropping systems to utilize the
resources more efficiently.  The production use
efficiencies was 46.10 kg ha-1 day-1 in terms of rice
equivalent and Rs 183.38 ha-1 day-1 from maize-tomato,
while the respective values were 31.84 and 103.63
from maize-chillies.  The water use efficiency was
also much higher than in rice-rice cropping system,
Maize-tomato recorded a water use efficiency of 84.75
kg ha-1 cm-1 in terms of rice equivalent yield and Rs
337.16 ha-1 cm-1 in terms of cash returns while maize-
chillies had a water use efficiency of 53.17 kg ha-1 cm-

1 and Rs 173.07 ha-1 cm-1.  The land use efficiency in
these cropping systems was also less than in rice-maize
cropping system, but the total number of man days ha-

1 was much higher.  Maize-castor, maize-groundnut
and rice-maize were also superior to rice-rice cropping
system in terms of production use efficiency and water

use efficiency.  Maize–Castor-cropping system required
less number of 71 man days among these 3 cropping
systems.

Economics

It is less expensive to cultivate maize than rice.
This option saved Rs 5000 ha-1.  Maize-castor required
a least expense of Rs 21,000 ha-1 in contrast to 30, 000
ha-1  for rice-rice and Rs 27,000 ha-1 for rice-maize
cropping system (Table 7).   The diversification of rice-
rice to rice-maize cropping system consistently fetched
higher net returns ha-1 during  3 out of  4 years. The
mean profit was Rs 29,954 ha-1 compared to Rs 22,942
ha-1 from rice-rice cropping system.  Maize-castor was
more profitable than rice-rice or rice-maize consistently
in all the 4 years.  The mean net returns were Rs
39809 ha-1. The low cultivation expenses and high net
returns in turn enhanced the net returns Re-1 investment
in all 4 years.  The mean net returns were Rs 1.90 Re-

1 investment compared to the low of 0.76 in rice-rice
and 1.11 in rice-maize cropping system.  The most
profitable cropping system was maize-onion with a
mean net profit of Rs 59,564 ha-1.  Maize – tomato
also fetched a high profit of Rs 48,045 ha-1.  This was
very lucrative with more than twice the profit realized
from rice-rice cropping system.  But, these cropping
systems needed a heavy investment of Rs 36,000 and

Table 7. Economics of different cropping systems

Treatment Cost of cultivation Net Returns Net Returns
Rs ha-1 Rs ha-1 Rs Re-1

kharif rabi Total 2004- 2005- 2006- 2007- Mean 2004- 2005- 2006- 2007- Mean
05 06 07 08 05 06 07 08

Rice – Rice 16000 16000 30000 31438 20644 25428 14259 22942 1.05 0.69 0.85 0.48 0.76

Rice – Maize 16000 11000 27000 28006 21788 31959 38061 29954 1.04 0.81 1.18 1.41 1.11

Maize – Castor 11000 9000 21000 35162 28649 33619 61805 39809 1.67 1.36 1.60 2.94 1.90

Maize – Groundnut 11000 14000 26000 24824 23244 29123 37392 28646 0.95 0.89 1.12 1.44 1.10

Maize – Mustard 11000 11000 22000 6579 13050 21905 15526 14265 0.30 0.59 1.00 0.71 0.65

Maize – Tomato 11000 17000 28000 79625 38250 40690 33614 48045 2.84 1.37 1.45 1.20 1.72

Maize – Chillies 11000 17000 28000 13805 16699 21771 46377 24663 0.49 0.60 0.78 1.66 0.88

Maize – Bengal gram 11000 11000 22000 10165 16893 19811 18655 16381 0.46 0.77 0.90 0.85 0.74

Maize - Onion 11000 25000 36000 53527 36478 99022 49228 59564 1.49 1.01 2.75 1.37 1.65

Maize + Red gram 14000 14000 12857 19958 28982 22438 21059 0.92 1.43 2.07 1.60 1.50
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28,000 ha-1 respectively.  Hence, the net returns Re-1

investment was also much higher than the other
cropping systems.  Maize–groundnut was equally
profitable to rice-maize both in terms of profits ha-1

and Re-1. The net returns from maize –chillies were
Rs 24,663 ha-1 and Rs 0.88 Re-1 invested.   This was
just half of the profit from maize-tomato cropping
systems. Thus rice-rice need diversification to increase
the economic status.  Maize-onion, maize-tomatoes,
maize-castor and rice-maize are the more profitable
options in the order of priority.

Based  on comparative studies, rice-maize, maize-
castor, maize-groundnut, maize-tomato, maize-chillies
and maize-onion were identified as the potential
alternatives.  The choice of diversification of rice-rice
cropping system in any one of these alternative crops
depends on several factors.  The most priority factor
for a farmer is the profit per unit area and time.
Considering this criterion maize-onion is the best choice.
The mean profit per hectare was more than doubled
to Rs. 59,564 compared to Rs. 22,942 ha-1 from rice-
rice cropping system.  The increase in the profit
accrued from an additional investment of Rs. 6,000
over Rs. 30,000 ha-1 on rice-rice cropping system.  The
proportion of net profit was much higher than the
additional expense on cultivation of maize-onion
cropping system.  This was reflected in much higher
net profit per rupee investment in each of the 4 years.
The mean per rupee returns was 1.65.  This is more
than double the profit from the investment on rice-rice
cropping system.  It was also the most potential
resource use efficient cropping system.  It recorded
maximum production use efficiency in terms of rice
equivalent yield as 57.84 kg ha-1 day-1 and cash as
279.64 Rs ha-1 day-1 as well as the water use efficiency
with rice equivalent yield as 100.57 kg ha-1 cm-1 and
486.23  Rs ha-1 cm-1.  Also it occupied the land only
for 58.36% days in a year in contrast to the land use
efficiency of 76.16% in rice-rice cropping system.  The
total man-days were also less.  However in terms of
nutrient requirement, it is the most exhaustive system
requiring 208 kg N, 54 kg P and 182 kg K ha-1.
Nonetheless, the added fertilizers were adequate to
sustain the soil organic carbon and available
Phosphorus and Potassium.  But, a very pertinent trend
was that there was a net loss of available N in three
years and that of phosphorus in 2 out of 4 years while,

the soil had surplus available potassium content.
Therefore, this cropping system requires efficient
management of N and P fertilizers to sustain the soil
health.  The sustainability of this cropping system had
a threat.  The extreme fluctuation in yield and market
price of onion from year to year made the maize-onion
cropping system less sustainable with an index of 0.68
compared to 0.78 in rice-rice cropping system.

Maize-tomato and maize-green chillies also utilized
the resources more efficiently than rice-rice cropping
system but removed larger quantities of NPK and the
application of recommended dose of fertilizers was
not adequate since the soil was depleted of NPK in
different years of sequence cropping.  Maize-tomato
fetched more than twice the net returns  ha-1 and per
rupee investment.  The sustainability index of maize-
tomato was 0.41 and maize-green chillies was 0.49
indicating that these are the highly risky systems.  The
vegetable crops are highly perishable and the level of
their production is mainly regulated by the load of pests
and diseases and their sensitivity to cultural practice
and environmental variations.  Their market price is
highly unpredictable.  Maize-groundnut and maize-
castor cropping systems also utilized the resources more
efficiently than rice-rice cropping system.  Their
nutrient demand was also similar to rice-rice cropping
system.  They are less expensive to cultivate and more
profitable per hectare as well as on the basis of net
returns per rupee investment.

These two cropping systems may be the most
preferred options especially for the conservation of
moisture both in kharif and rabi.  The two systems
were however  relatively less sustainable than rice-
rice cropping system.  Rice-maize on the other hand
was the most stable system with an index of 0.82.  It
was also less expensive to cultivate than rice-rice with
relatively more profits per ha-1 as well as per rupee
returns with no serious depletion of soil available
nutrients.  Therefore, rice-maize could be an option
for the farmers if there is no scarcity of water in the
kharif season.

Package of practices

The package of practices for different crops in
the efficient cropping systems are narrated in Table 8
and important aspects are discussed in brief here.
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Table 8. Package of practices for selected crops

Crop and recommended varieties / Sowing / Planting Seed rate Spacing Manures and fertilizers Yield
hybrids time per ha (cm) (t/ha)

(kg) FYM N P K
(t/ha) (kg ha 1) (kg  ha 1) (kg ha 1)

Rice : Satya, Tellahamsa, Kesava, Surekha, June-July (K) 50 15 x 15 10 120 60 60 5.0-6.0

Vikas, Rasi, Krishnahamsa, Pathana, Nov- Dec (R)

MTU-1010

Maize : DHM105, DHM 107, Private hybrids Oct-Nov 15 60-75 x 20-25 10 120 60 60 5.0-7.5

Ground K-6, Vemana, Tirupathi – 4, JL – 24, First fort night 150-180 22.5 x 10 10 30 40 50 1.5-2.0

nut :  ICGS – 11 and 44, Kadiri – 4&5, of Nov-First

JCG – 88, TAG – 24, Narayani, Abhaya fort night of Dec

Castor : Kranthi, Haritha, Kiran, Jyothi, Oct-Nov 5.0-7.5 90 x 60 10 80 40 30 0.6-1.2

Jawala, GCH – 4, DCH – 32/177/519

Chillies: LCA-334, LCA-235,College of Sep-Oct 1.50 45 x 60 20 120 60 60 5.0-6.0

Agriculture,-960,LCA-353, G-4, LCA-357

Onion : Red : Bellary Red, Nasik Red, Pusa Red, December 8-10 30 x 30 25 150 60 60 1.00-2.00

Agri found Dark Red, Arka Pitamber  Hybrids :

Arka Lalima, Arka Kirtiman

Tomato : Varieties : Pusa Ruby, Pusa Early Dwarf, Oct-Nov 500 g 60 x 45 15-20 150 100 100 20-30

Marutham, Arka Saurabh, Arka Vikas, PKM 1

Hybrids : Naveen, Rashmi, Rupali, Vaishali, 150 g 90x45 20-25 250 150 150 50-60

Avinash-2, Arka Vishal

Rice :  The rice seedlings sown on raised seed bed
produce robust seedlings.  It is essential that drainage
channels should be provided between the nursery beds
to let out the water and irrigate fresh water to ward
off the algal growth.  It is a good practice to apply
carbofuran 3G granules @ 2 kg for 10 cents nursery
area one week before pulling of nursery to endure
resistance to the stem borer, after crop establishment.
The seedlings should be pulled for planting not latter
than 3 to 4 pair leaf stage for vigorous growth in the
main field.  It should be fertilized with 1 kg N,  0.5 kg
P and 0.5 kg K for 100 sq. m area. Nursery bed should
be manured with bulky organic manures like FYM or
Vermicompost for better aeration of roots of young
seedlings and moisture retention vis-à-vis the ease of
pulling the seedling with least damage from porous
substrata.  Do not flood the nursery, but keep a thin
film of water from one week after sowing.  The flooded
nurseries produce thin and lanky seedlings.

In the main field land leveling is essential to
improve the fertilizer use efficiency.  The fertilizer dose
should be applied based on soil test values. An additional
quantity of 25 – 50% of the recommended dose should
be applied for a particular nutrient that is rated as low
in its available status.  If the status of that particular
nutrient is high, 25 – 50% of the recommended dose
should be reduced.  The nitrogenous fertilizer should
be split thrice 1/3rd  each should be applied basal, at
active tillering and panicle initiation.  Entire phosphorus
and potassium should be applied basal the deficiency
of Zinc is wide spread.  It may be applied @ 50 kg ha-

1 in the kharif season once in 2 years or it may be
applied at 25 kg ha-1 every year.  It is good practice to
integrate organic source of nutrients through FYM,
vermicompost, poultry manure, sheep manure or green
manuring with Gliricidia, Sunnhemp, Dhaincha or
Pillipesara at a rate to supply 25% recommended dose
of nitrogenous fertilizer.  These organics should be
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applied and thoroughly incorporated in main field at
least two weeks before planting for proper
decomposition and release of nutrients to the crop.  The
practice of heaping FYM in the main field for several
days before broad casting should be dispensed. This
leads to loss of nutrients through voltalisation when
the temperatures are high, leached and washed away
with rains if any.  The soil becomes more heterogeneous,
because the FYM is not uniformly distributed.  A thick
layer of FYM is left underneath the heap.  The crop
gives the appearance of undulating height and vigour
with large canopy at sites where FYM was heaped.

Irrigation in the main field should not exceed 2 – 3
cm depth from crop establishment  until maximum
tillering stage.  This will encourage profuse tillering.
Water should be with drawn at maximum tillering stage
to discourage the formation of unproductive tillers.  The
water should be drained out at least 12 to 24 hours
before the application of nitrogenous fertilizers.
Maintain irrigation upto 5 cm depth from panicle
initiation to grain ripering for better seed filling and
high yield.  The water should be drained one week
before harvesting the crop to ease the process of
ripening.

The herbicide 2, 4, DEE @ 0.5 and Butachlor @
1.0 kg ha-1 ai ha-1 as pre emergence minimize the
emergence and growth of both the dicot and monocot
weeds.  An intercultural operation with in one month
after transplanting loosens the soil and provides aeration
for good root development. If necessary one hand
weeding may be taken up at about 1month after
planting. In case, symptoms of zinc deficiency are
noticed  spray Zn SO

4
 @ 0.2% twice at an interval of

4 to 5 days.

Maize

Maize is highly sensitive to water logged conditions.
Therefore the selection of site is very important.  Avoid
its cultivation in low lying areas.  Make ridges and
furrows before sowing the crop or take up earthing
operation and  to drain out the surplus water.  This will
also help in better growth of roots in the friable
rhizosphere of ridges.  The crop is highly sensitive to
zinc deficiency.  Apply Zinc sulphate @ 50 kg ha-1

once in 2 – 3 years. If the symptoms are noticed spray
zinc  sulphate 0.2% at an interval of 4–5 days.  Weed

management early during the slow growth of maize
seedling is best attained by spraying atrazine @ 1.5 –
2.0 kg ai ha-1 pre emergence.  Application of pinch of
carbofuran 3G or endosulfan 4 G granules  in whorls
during the seedling  stage protect the crop from the
stem bores Chilo partillus and Sesamia inferens.

Groundnut

Deep ploughing of the soil  help in  better
penetration of gynophores and development of
groundnut pods.  This crop is highly responsive to
application of calcium and sulphur.  The application on
of gypsum @ 500 kg ha-1 in the rhizophere at time of
flowering to peg initiation help in better development
of pods with good kernels rich in oil content.   Seed
treatment with carbendazim @ 1 g/kg seed is essential.
A couple of days later, the seed should be treated with
500 g Rhizobium ha-1 . This will help the crop to fix
atmospheric nitrogen.

Castor

The farmer usually neglects fertilizer application
to castor. It is highly responsive to chemical nutrients.
Hence, the optimum dose of fertilizer @ 60-40-30 kg
NPK ha-1 help in boosting up the growth of crop.  It is
also highly responsive to irrigation during primary,
secondary and tertiary flushes.  Adjust the time of
sowing in such a way that the peak flowering  do not
coincide with high temperatures to avoid the conversion
of female to male flowers.

Tomato

Prefer to raise the nursery of tomato under shade
to obtain vigorous seedling drennch the nursery with
copper oxychloride  @ 3g /l against damping off.

Chillies

The major problem of thrips and mites can be
effectively managed by following balanced fertilization
and seed treatment with imidacloprid.

Onion

The nursery should be prepared on raised seed
beds supplied with bulky organic manures to make a
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well aerated, moisture retentive porous structure for
vigorous growth and ease of pulling at transplanting.
One month old nurseries  should be planted on either
side of ridges to help the bulbs grow in size in the
induced  loose and friable soil.

References

Annonymous (2007). An outline of agricultural situation in
Andhra Pradesh 2006-07 Directorate of Economics and
Statistics, Government of Andhra Pradesh, Hyderabad.

Alok Kumar, H.P., Tripathi, R.A., Yadav and Yadav D.S 2008
Diversification of rice (Oryza sativa) wheat (Triticum
aestivum) based cropping system for sustainable
production in eastern Uttar Pradesh Indian Journal of
Agronomy 53(1): 18-21.

Bastia, D.K., Garnayak, L. M. and Barik T. K 2008
Diversification of rice (Oryza sativa) wheat (Triticum

aestivum) based cropping systems for higher
productivity, resource use efficiency and economics
Indian Journal of Agronomy 53 (1) : 22-26.

Bouman, B. A. M 2001 Coping with the water crisis : water
management strategies in rice production paper
presented at International Symposium on sustainable
soil and water resources management held during 30-
31 May 2001, at Diliman Quezon city, phillippines.

Sharma, P. K., Ladha, J. K and Bhushan Lal 2003 Soil physical
effects of puddling in rice-wheat system in Improving
the productivity and sustainability of rice-wheat
systems: Issues and Impacts American Society of
Agronomy (Special publication) 65: 97-113.

Singh, R.P., Das , S.K., Bhaskara Rao , V.M. and Narayana
Reddy, M 1990. Towards sustainable dryland
Agricultural Practices,  pp5-8.  Central  Research
Institute for Dryland Agriculture, Hyderabad.

NORTHERN TELANGANA ZONE OF
ANDHRA PRADESH*

The Nizamsagar Project commands 93,620 ha out
of 1.68 lakh ha of gross irrigated area and 3.6 lakh ha
of total cultivated area in Nizamabad dist located in
Nothern Telangana Zone of Andhra Pradesh.  The
annual normal rainfall in the district  is 1081 mm.  The
major crops grown in the project command in the
descending order (based on area) include rice,
sugarcane, maize, sunflower (during rabi) and soybean
(duing kharif).  The capacity of the project has
gradually decreased due to accumulation of silt in the
project.  This coupled with vagaries of monsoon led to
reduction in the availability of water.  Presently 22%
of ayacut area is getting water.  In spite of fluctuations
in the availability of water from project, farmers
cultivate rice in large area exploiting the ground water
as a supplementary  source. Rice – Rice system is still
predominant.  Studies were made at RS & RRS,
Rudrur under the Nizamsagar command during 2005-
2009 to evaluate different cropping systems, mostly
soybean based systems as alternatives to rice-rice
system.

* Contributed by G.E. Ch. Vidyasagar, M. Manjulatha, S. Sridevi, M. Venkata Ramana, Shaik Mohammad and V.B. Bhanumurthy, Cropping
Systems Research Centre, Rudrur, Nizamabad, AP.

Production potential and Yield gaps

Considering the maximum yields recorded in the 4
years study in different crops and the average yields
of these crops in the district, the yield gap is estimated
(Table 1).  The yield gaps are considerably large in
case of the predominant crops.  The yield gaps are to
a tune of 40% in case of kharif rice, 51.8% for rabi
rice, 45.8% for soybean (kharif) and 35.5% for maize
(rabi). Extraordinarily, large gap exists between the
average yields and potential yields of early summer
crop of sesamum (85.6%).

Efficient alternative cropping systems

Productivity

During the 4 years of study, yields of kharif rice
ranged between 4974 and 5628 kg/ha. While those of
rabi rice were between 4438 and 6630 kg/ha.  In most
of the other systems evaluated, the base crop was
soybean (grown during kharif) and its yields over
seasons and systems, ranged from 1993 to 2812kg/ha.
Another crop tested during kharif was redgram, as

* * * * *
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Table 1. Production potential and yield gaps of different
crops and yield gaps in Nizamsagar ayacut area

Crops Maximum Average yield Yield gap
yield in in the zone (kg ha-1)

experiments (kg ha-1)
(kg ha-1)

Kharif-

Rice 5628 3482 2146
Soybean 2812 1524 1288
Redgram 986 488 498

Rabi

Rice 6630 3192 3438
Sunflower 1763 1137 626
Safflower 1185 507 678
Rajmash 1240 - -
Bengalgram 1258 1080 178
Mustard 1586 516 1070
Sesamum 2152 310 1842
Tomato 11820 7800 4020
Brinjal 14622 8400 6222
Ridge gourd 6633 5600 1033

sole crop, as well as intercrop with soybean.  The yields
of sole redgram were 807 to 986 kg/ha, while redgram
as intercrop could yield 124 to 423 kg/ha during different
years (Table 2).

Table 2. Yields (kg/ha) of crops under Nizamsagar ayacut area from 2005-09

Treatment 2005-06 2006-07 2007-08 2008-09

Kharif-Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi

Rice - Rice 5577 6630 4978 4438 5026 4852 5080 5430

Rice - Sunflower 5628 1360 4974 812 5120 1082 5206 1120

Soybean - Sunflower 2725 1763 2725 984 2132 1204 2204 1380

Soybean - Safflower 2812 1185 2579 313 2078 486 2102 506

Soybean - Rajmash 2722 1240 2619 260 2234 360 2180 392

Soybean –Bengal gram 2241 1258 2063 277 2138 462 2206 560

Soybean - Mustard 2475 1586 2196 515 2088 642 2160 716

S’bean+R’gram - Sesamum 2138+423 1855 1026+380 302 1826+124 380 2280+124 420

Redgram - Sesamum 986 2152 807 751 940 468 964 484

Soybean - Tomato 2503 11820 2196 854 1993 1880 2100 2200

Soybean - Brinjal 2265 14622 2021 886 2068 2018 2208 2380

Soybean - Ridge gourd 2708 6633 2368 1102 2200 3230 2180 3086

Sunflower was grown in succession to rice and
also to soybean. The performance of sunflower was
relatively better (984 to 1763 kg/ha) when grown after
soybean, compared to its performance when grown
after rice (812 to 1360 kg/ha).  The typical winter crops
viz., safflower, rajmash, bengalgram and mustard failed
to perform well except during 2005-06.  They could
record grain yields of more than one t/ha during 2005-
06 while they were only half or less than half tonne
during rest of the years.  Among these four crops,
mustard seemed to be better.

Sesamum, an important oil seed crop of late rabi
or summer season was tested in sequence to kharif
redgram or soybean + redgram intercropping system.
The yields of sesamum ranged between 302 and 2152
kg/ha during different years.  The performance of three
rabi vegetables viz., tomato, brinjal and ridge gourd
was good during 2005-06 compared to rest of the years.

The cropping systems were evaluated by
converting the yields into common units, namely rice
equivalent yields (REY), gross returns and net returns
(Table 3).

From perusal of the year wise REY data, the
following systems were found to be more productive.
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Economics

The trend was repeated when systems were
evaluated based on gross returns (Table 4).  The best
sequences in the decreasing order were rice-rice,
soybean + redgram – sesamum, soybean – sunflower,
and redgram – sesamum.  The net returns were,
however, higher with soybean + redgram – sesamum
system closely followed by soybean – sunflower,
redgram – sesamum and rice-rice systems.  The

● Soybean – sunflower

● Soybean + red gram – sesamum

● Red gram – sesamums

● Soybean – tomato

● Soybean – brinjal

Table 3.  Rice equivalent yield of crops under Nizamsagar ayacut area from 2005-09

Treatment Rice equivalent Yield (kg ha-1)

Kharif-Rabi 2005-06 2006-07 2007-08 2008-09 Mean

Rice - Rice 12207 9416 9878 10510 10503

Rice - Sunflower 8415 6638 9396 8890 8335

Soybean - Sunflower 6309 4741 10604 10049 7926

Soybean - Safflower 4842 3115 6874 6320 5288

Soybean - Rajmash 6381 3386 6822 6121 5678

Soybean –Bengal gram 5097 2692 7241 6915 5486

Soybean - Mustard 6401 3471 7951 7473 6324

Soybean+Red gram - Sesamum 12107 3931 8966 9434 8610

Redgram - Sesamum 11922 4624 7441 7436 7856

Soybean - Tomato 10254 2756 6374 6987 6593

Soybean - Brinjal 11853 2602 6972 8025 7363

Soybean - Ridge gourd 7058 3091 8116 8698 6741

Table 4.  Economics of cropping systems  under Nizamsagar ayacut area (mean of 4 years)

Treatment Cost of cultivation (Rs/ha) Gross Retuturns (Rs /ha) Net Returns

Kharif-rabi Kharif Rabi Total Rs /ha Rs /Re

Rice - Rice 41120 33538 34716 68254 27134 0.66

Rice - Sunflower 32875 33995 20280 54274 21399 0.65

Soybean - Sunflower 29375 34843 24434 59276 29901 1.02

Soybean - Safflower 28750 34048 7921 41968 13218 0.46

Soybean - Rajmash 21662 34939 9104 44043 22381 1.03

Soybean –Bengalgram 22412 31725 10112 41837 19425 0.87

Soybean - Mustard 21725 32329 15320 47649 25924 1.19

Soybean+Redgram - Sesamum 28947 33340 28422 61762 32815 1.13

Redgram - Sesamum 26947 18958 36423 55382 28435 1.06

Soybean - Tomato 40625 31718 16957 48675 8050 0.20

Soybean - Brinjal 41387 31385 22065 53449 12062 0.29

Soybean - Ridge gourd 43300 34043 16862 50905 7605 0.18
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perusal of the data on net returns per rupee investment
indicated higher returns from soybean – mustard
system (1.19) followed by soybean + redgram –
sesamum system (1.13).  Such returns from rice-rice
system were Rs. 0.66/Re only. The returns from the
systems involving vegetables were very low due to
higher cost of cultivation for both rice and vegetables.

Resource use efficiency

Utilizing the mean yield data the energy output or
calorie output was estimated.  Because of the higher
calorific value of rice, the calorie output was
significantly higher from rice-rice system compared to
all other systems (Table 5).  The period of a calendar
year occupied by crops is given as an index termed “
Land Use Efficiency (LUE)”. In the systems where
soybean is followed by sunflower, bengalgram or
mustard, the cropping period in terms of LUE was 53
to 55% indicating wide scope for further intensification.
LUE for rice-rice system was 69.6% and it was 66.8%
for the systems involving redgram. Productivity and
profitability per day were also estimated, which were
based on LUE.  The per day productivity in terms of
REY was higher for rice-rice system (41.3 kg) and
the next best system was soybean-sunflower (39.6 kg).
The per day profitability was higher (Rs. 89.9) for

soybean +redgram – sesamum, closely followed by
soybean – sunflower system (Rs. 81.9).

The productivity of all these systems was evaluated
as against the water requirement of the crops involved
in the systems in the form of Water Use Efficiency
(WUE).  The systems involving redgram and sesamum
i.e. red gram – sesamum (15.71) and soybean + red
gram – sesamum (14.35) were found to be distinctly
superior to all other systems.  The lowest WUE was
seen with rice-rice systems (4.38). Sustainability Index
(SI) indicates the yield fluctuations from year to year.
Higher values of Sustainability Index indicate lesser
fluctuations or more dependable yields. Higher values
of Sustainability Index (0.76) were noticed with rice-
rice and rice-sunflower systems. Diversity Index (DI)
measures the multiplicity of crops in a single year.  The
DI value was 2.00 for rice-rice system.  It was very
closely followed by soybean + redgram – sesamum
system (1.99); and the next best system was soybean
– sunflower, with a value of 1.94.

 A consensus cannot be arrived when all the indices
are taken into account in evaluating these systems.
Rice –rice system was the best based on equivalent
yields, gross returns, Sustainability Index, Diversity
Index, Calorie output and per day productivity.  Soybean

Table 5.  Resource Use Efficiency and sustainability of different cropping systems

Treatment Calorie out put LUE Production Use Efficiency WUE (kg Sustainability Diversity
(Kcal/ha/yr) (%) REY/ ha cm) Index Index

Kharif-rabi kg/ha/yr Rs/ha/yr

Rice - Rice 36340 69.6 41.3 74.3 4.38 0.76 2.00

Rice - Sunflower 24882 61.9 36.9 58.6 5.21 0.76 1.88

Soybean - Sunflower 21283 54.8 39.6 81.9 9.91 0.48 1.94

Soybean - Safflower 15142 57.0 25.4 36.2 8.81 0.52 1.44

Soybean - Rajmash 14956 56.2 27.7 61.3 9.46 0.60 1.49

S’oybean –Bengal gram 13704 54.8 27.4 53.2 9.14 0.47 1.58

Soybean - Mustard 16589 52.9 32.8 71.0 9.03 0.54 1.77

S’bean+R’ gram - Sesamum 13430 66.8 35.3 89.9 14.35 0.43 1.99

Redgram - Sesamum 8583 66.8 32.2 77.9 15.71 0.41 1.82

Soybean - Tomato 12805 62.5 28.9 22.1 5.49 0.34 1.83

Soybean - Brinjal 12676 65.2 30.9 33.0 6.59 0.30 1.94

Soybean - Ridge gourd 13303 64.7 28.6 20.8 7.36 0.48 1.80
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+  redgram – sesamum system was found most
favourable based on net returns, net returns per rupee
invested (along with soybean-mustard system), WUE
(along with red gram – sesamum system) and per day
profitability.

The equivalent yields and economic analysis – gross
returns, net returns and indices based on net returns
are dependent on the prevailing market prices of the
farm produce apart from the yields.  The price of
sesamum was almost doubled during the study period
(Rs. 31 during 2005-06 and Rs. 59 during 2008-09)
and it could be the main factor for better performance
of the systems involving sesamum (Table 6).  The price
of red gram has also gone up from Rs. 22 to Rs. 29
per kg.  The market price of rice fluctuated between
Rs. 6.10 and Rs. 7.60 per kg.  Presently the minimum

support price (MSP) for rice is higher (Rs 8.50 per kg)
and any re- estimation  of above indices considering
the increased price for rice would favour rice-rice
system and not other systems as indicated earlier
(involving red gram and sesamum).  In spite of the
above, the systems involving redgram and sesamum
have distinct advantage based on two factors, namely
reduced cost of cultivation and very high WUE. Water
is always critical and would be a deciding factor in the
years to come, in choosing crops and cropping systems
for any particular area or region.

Soil fertility

The soil remained neutral after 4 cycles in all the
cropping systems as at the beginning of the experiment
during 2004-05 (Table 7). There was no change in the

Table 7. Soil fertility status after 4 cycles of  different cropping systems

Treatment pH ECdSm-1 OC(%) Avl. P kg ha-1 Avl. K kg ha-1

Kharif-rabi

Initial 7.60 0.39 0.58 36.1 389

Rice - Rice 7..56 0.31 0.52 44.4 207

Rice - Sunflower 7.48 0.39 0.54 39.5 217

Soybean - Sunflower 7.74 0.33 0.58 37.8 214

Soybean - Safflower 7.65 0.42 0.51 39.4 152

Soybean - Rajmash 7.7 0.4 0.59 37.6 203

Soybean –Bengal gram 7.72 0.35 0.48 36.8 211

Soybean - Mustard 7.58 0.38 0.53 32.3 226

Soybean+Red gram - Sesamum 7.63 0.41 0.49 41.4 215

Redgram - Sesamum 7.6 0.43 0.59 35.8 241

Soybean - Tomato 7.58 0.46 0.54 42.6 220

Soybean - Brinjal 7.67 0.32 0.56 38.3 175

Soybean - Ridge gourd 7.56 0.36 0.49 36.7 198

Table 6. Price fluctuations of  various produce during 2005-09

Produce Cost of Produce (Rs/kg) Produce Cost of Produce (Rs/kg)

2005-06 & 2007-08 2008-09 2005-06 & 2007-08 2008-09
2006-07 2006-07

Rice 6.10 6.20 7.60 Bengal gram 13.85 18.50 19.00

Soybean 11.30 17.00 19.00 Mustard 15.10 21.50 22.00

Red gram 22.00 20.20 29.00  Sesamum 31.00 58.00 59.00

Sunflower 12.50 24.50 25.00 Tomato 4.00 3.00 6.00

Safflower 10.45 15.00 16.00 Brinjal 4.00 4.00 8.00

Rajmash 18.00 12.00 13.00  Ridge gourd 4.00 4.00 8.00
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salt concentration also.  The medium status in organic
carbon, rich status in availability of phosphorus was
sustained.  However there was depletion of soil
potassium in all the cropping systems compared to
initial level.

In lieu of the precarious situation of water
availability from Nizam sagar project, crop
diversification was forced on the farmers and
accordingly the area under principal crops, namely rice
and sugarcane decreased in the last two to three
decades. Soybean and sunflower were introduced on
large scale and now these crops occupy considerable
area in the project command. Based on the results of
the study as well as prevailing situation, the following
recommendations are ideal for Nizam sagar project
command.

● There is a definite need to diversify from rice-rice
cultivation.

● Rice-sunflower with more or less, similar net
returns per rupee investment is preferable over
rice-rice system.

● Soybean – sunflower system is more economical
than rice – sunflower system  based on returns
per rupee and returns per day.

Soybean + red gram – sesamum system has an
edge over all other systems studied, based on net

returns, net returns per rupee invested, per day
profitability and most importantly WUE. There are
many advantages pertinent to intercropping.  All such
benefits can be derived by intercropping soybean with
red gram. This intensification in spatial dimension,
coupled with temporal complementarily by growing the
most feasible summer crop of sesamum, has all the
monetary advantages, fulfils the principles of crop
diversification and saves the most precious input, the
water.

Package of practices

The package of practices for the important crops
for realizing higher productivity levels given in Table 8
and highlighted in brief here.

● In case of soybean, maintaining the required
plant population is important.  The seed of this
crop lose viability very rapidly and as such,
ensuring the germination percentage and
adjusting the seed rate accordingly is a
necessary pre-sowing precaution.  Sowing
behind plough or using seed drills (bullock
drawn) is commonly practised, but sowing
depth should be cautiously  looked into.  Deep
sowing should be avoided.

● Some times, manual or mechanical weed
control may become difficult due to varying
soil moisture conditions (too high or too low)

Table 8. Package of practices for important crops in the suggested Cropping Systems

Crop and  recommended varieties/ Sowing / Seed rate Spacing Manures and fertilizers Yield
hybrids Planting time kg ha-1 (cm) (t ha-1)

FYM N P K
(t ha-1) (kg ha 1) (kg ha 1) (kg ha 1)

Rice : JGL 1798, Tellahamsa,  JGL 384, MTU-1010, June – July 50 15 x 15 10 120 60 60 5.0- 6.0
MTU 1001 Nov – Dec

Soybean : JS – 335, PK-1029, MACS-450,  MACS- June 15 – 75 45 x 5 10 60 40 25 - 30 2.5-3.0
58, PK-472,  MACS-124, LCB-1 July 15

Redgram : Palnadu (LRG – 30), Maruthi , Abhaya , June – July 5 – 7.5 150 – 180 x 20 10 20 50 - 1.5 -2.0
Lakshmi ,  Asha , MRG 66, LRG-41, WRG-27, Durga ,
PRG 100,  Palem Kandi (PRG 158)

Sunflower : Morden, DRSF – 108, KBSH-1, Nov – Jan 5 45x 30 10 60 75 30 1 -1.5
NDSH-1, DRSH-1 and other private hybrids

Sesamum : Gouri, Madhavi, Rajeswari, Swetha Til. Jan  – Feb 6 30 x 15 10 60 60 40 0.7 -1.0
Chandana, Hima
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as influenced by rainfall pattern.  Post
emergence use of weedicide – imazethapyr
(20 – 25 DAS @ 0.15 kg ai/ha) ensures
effective weed control.

● Intercropping soybean with redgram is any
way, the recommendation emanating from the
study and it should be followed scrupulously.

● Choice of variety is important in case of
redgram.  None of the available varieties are
tolerant to Fusarium wilts.  However, wilt due
to Rhizoctonia is a problem in certain areas
and varieties such as PRG 158, MRG 66 are
tolerant and can safely be used in such areas.
If wilt is not a problem, LRG 41, a variety
tolerant to Helicoverpa  spreading  rapidly in
the zone is best.

● In the recent past, the market price of
sesamum has shot up and it has become a
highly remunerative crop, ideally sown during
Jan – Feb with meager cost of cultivation.
Swetha – Til, a white seeded variety is already
popular in the zone.  Farmers should carefully
watch the crop from seedling stages for the
incidence of aphids, a sucking pest, and control

it.  Or else, it would be devastating in case of
severe incidence.

● The area under sunflower is on the increase
in the district.  Many private hybrids with good
yield potential are grown.  However, adoption
of higher density and application of higher
doses of nitrogen, more than the
recommendation for the hybrids should be
avoided.  Plants become susceptible to lodging,
specially the tall growing hybrids.

● Rice cultivation should be restricted to any one
season and rotated with other crops.  Green
manuring in situ or leaf manuring and
application of recommended doses of nutrients
including zinc are the best management
practices for sustaining the productivity of rice.

Practices such as minimum tillage or zero tillage
and some good sowing techniques for rabi crops can
make their establishment much more easy and efficient.
This also gives scope to cultivate a summer crop after
the rabi crop paving way for a three crop sequence.
This is more desired, when resources are becoming
limiting, costly and some of them non-renewable.
Therfore, system based resource consrvation
agriculture deserves due attention.

SOUTHERN TRANSITIONAL ZONE OF
KARNATAKA*

Continuous cropping with same crop grown every
year is widely regarded as a high risk system unlikely
to be sustainable because of the probable buildup of
adverse biotic factors. The crop rotation and the
nutrient management are the important factors for
sustainability to upland and midlands of Bhadra
command area of southern transitional zone of
Karnataka. Bhadra command area is highly
mechanized area in the state, variety of cropping
systems are practiced in the command area depending
upon the water availability. In the Bhadra command
area, now a days paddy-paddy cropping system is
identified as the predominant cropping system being

adopted by the farmers. But, the resource degradation
and reduction in yield was noticed due to continuous
adoption of paddy-paddy sequence in this area. The
depletion of inherited soil reserves, developing pest
scenario and weed problem were noticed in the study
area. But,tail end farmers could not make profitable
paddy production due to inadequate water supply. From
the studies conducted at Agricultural Research Station,
Kathalagere from 1987-99 revealed that the rice –rice
sequence required more mandays (290/ha), the higher
requirement of labour due to involvement of intensive
management practices like seedlings raising, planting,
irrigation, plant protection measures, abundant utilization
of the water was recorded in rice-rice sequence (330
cm/ha) and require much more energy. Also observed
that paddy is very much susceptible to pest and diseases

* Contributed by A.Y. Hugar, H. Chandrappa, A. Sathish, G.B. Mallikarjuna and Nagaraja Kusagur, Main Center for Cropping Systems
Research, ARS, Kathalagere -577219 UAS, Bangalore (Karnataka).

* * * * *
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thus warranting extensive use of chemicals. Therefore,
need to think of alternative cropping systems,which
not only gives more productivity than rice-rice system,
but also help to save substantial quantity of irrigation
water, viz., maize-groundnut, maize-sunnhemp-
sunflower, sorghum,- summer groundnut etc. It is thus,
clear that appropriate selection of cropping systems
can improve productivity on one hand and ensure
rational use of the resources on the other hand.

Production potential and yield gaps

In Davangere district, Maize is an important cereal
crop occupying about 70% of area under cereals.Most
of it is grown under rainfed conditions during kharif
season. Average productivity of maize in the district
during X plan (Anon, 2009) was 23 q/ha (state average
26.7 q/ha). But, there is a huge scope to produce 68 q/
ha as potential yield obtained at the research farm
(ARS, Kathalagere). However, the continuous mono-
cropping of maize is  a cause of concern and there
may be reduction in the productivity of maize due to
soil related problems as well as out break of pests and
disease viz.,  stem borer, corn borer, downey mildew
and stalk rot. Hence, it is better to shift to the
alternative cropping systems instead of mono
cropping.

Rice is next important cereal grown in the district
after maize. The average productivity of the district is
53.33  q per hectare. Though it is more than state
average (38.36 q/ha). But less than the potential yield
(75.34 q/ha) obtained at the research farm. It is grown
during both kharif and summer season without
following any measures to maintain the soil fertility.
The main concern in rice production is the indiscriminate
use of water as well as fertilizer and plant protection
chemicals resulting in development of soil salinity,
alkalinity and pest out break.

From the above mentioned points with respect to
major cropping in the zone, it is clearly observed that
there is a wide gap in the yield levels of the farmers in
their field and yield levels of the research farms. Thus,
there is a huge scope for the improvement in the yield
levels of both maize and rice and potential yield of
both maize (68 q/ha) and rice (75 q/ha) can be obtained
by adopting the improved technology (Table-1).

Table 1. Yield and potential yield of major crops in the
Davangere district

Maize Rice
(q/ha) (q/ha)

Average yield of the district 23.0 53.33

Potential yield 68.0 75.34

State average 26.7 38.36

Yield gap (-) 45.0 (-)22.0

Source: Anon (SREP), 2009

Efficient alternative cropping systems

Looking to the environmental factors and limitations
to the water availability some alternative cropping
systems to paddy- paddy are discussed below as
continuous cropping with same crop (paddy ) grown
every year is widely regarded as a high risk systems
unlikely to be sustainable. Therefore, water intensive
system must be limited and light irrigated cropping
systems should be encouraged. Even from many
research experiments conducted for long term have
clearly showed the high sustainability and low risk with
light irrigated crops viz., maize -groundnut systems and
maize- sunhemp-sunflower systems. Studies on
cropping system research conducted during 1999-00
to 2004-05  (6 years) revealed  that, among the
different cropping systems tried, growing of maize
during kharif followed by groundnut in summer season
recorded the  highest yield potentiality i.e maize grain
equivalent  yield of 121.82 q/ha/year followed by
maize- sunnhemp –sunflower system (112.86 q/ha/
year). Above results indicate that cereal- legume
system performed better than cereal-cereal system
(Table-2). Maize- groundnut system proved to be the
best sequence among different sequences tried. This
is mainly due to added nutrients by legume (groundnut
crop) residues and N-fixation, also improvement in the
soil physico – chemical properties of the soil. Similarly,
Acharya and Bandyopadhayay (2002) also reported
that legumes help in solubilizing of occluded P, soil
conservation, increase in soil microbial activity, organic
matter restoration and improvement of soil health. Wani
et al (1995) also reported the similar benefits due to
inclusion of legumes in the cropping systems. As maize
is third important cereal crop in India owing to its
diversified uses and there is an increased demand for
its production. There is a good scope to include maize
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in the cropping systems as it is more remunerative,
physiologically efficient and widely adoptable.

Maize- groundnut system also proved to be superior
interms of monetary  benefits (Anon-1999-2007). From
the study conducted in the Kathalagere research farm
for 6 years (1999 to 2005), it is observed that the highest
net returns (Rs. 44,140/ha/year) and B:C ratio (2.33)
were obtained in maize – groundnut sequence (Table-
2). It was followed by maize-sunhemp-sunflower
sequence (Rs. 40,871/ha/year and 2.28 respectively).

Among the six crop sequences tried during 1999-
2002 at Kathalagere maize – groundnut sequence
recorded highest total productivity (73.3 q/ha/year)
followed by maize-sunflower sequence (70.0 q/ha/
year) (Table-3). Considering he economics and maize
crop equivalent yield, maize- sunflower sequence
recorded highest net returns (Rs. 33,314 /ha/year) and
also maize equivalent yield (99.51 q/ha/year) followed
by maize-groundnut sequence (Rs.27268/ha) and maize
equivalent yield (93.94 q/ha/year) (Chandrappa et al.,
2002).

Refinement of nutrient management  strategies
would  help maintain the crop productivity and soil
fertility, but other rotational strategies could also help

especially in  situation where exhaustive cropping
systems  are not proving well and yield are stagnating.
Crops and cropping systems should be selected such
that the residual nutrient left by one crop is efficiently
utilized by the following crops (Gill and Sharma, 2005).
Legumes are known to increase soil fertility through
their capacity to fix atmosphere- N and hence the soil
fertility can be improved by inclusion of legume in the
cropping system. Yield of cereal following legumes are
reported to be 30 to 35 per cent higher than those
following a cereal in cropping sequence.  Beside N –
fixation, legumes also  help in solubilization of occluded
P, soil conservation, increase in soil microbial activity,
organic matter restoration and improvement of physical
health of soil (Acharya and Bandyopadhyay, 2002).

Cropping system approach (Table 4) proved as an
useful option by identifying the alternative crops led to
increase the productivity over the existing rice- rice
system. The appropriate choice of the crops and
cropping system help to achieve the maximum return,
maximizing input use efficiency by developing cohesion
among the resources applied. Choice of crops
combination by the farmers is primarily governed by
profitability, house hold needs, competitiveness of the
product in the market, resource base, input supply etc.
Hence the alternative crops of cropping systems have

Table 2. Maize equivalent yield (q/ha) and economics of different cropping systems (Mean of  6 years, 1999-2005)

Crop sequences (Fertilizer doses) Maize equivalent yield Net returns B:C ratio
(q/ha) (Rs./ha/year)

Kharif Rabi Summer Kharif Summer Total

Maize Groundnut 58.64 63.15 121.82 44140 2.33
(150:75:37.5) (25:75:37.5 +

500 kg Gypsum)

Maize Sunhemp (GM) Sunflower 58.84 54.02 112.86 40781 2.28
(150:75:37.5)  (25:50:25) (62.5:75:62.5)

Sorghum Sunhemp (GM) Sunflower 34.74 50.50 85.25 25439 1.50
(100:75:37.5) (25:50:25) (62.5:75:62.5)

Sorghum Groundnut 32.84 60.24 93.10 30489 2.00
(100:75:37.5) (25:75:37.5 +

500 kg Gypsum)

Hy.cotton Groundnut 33.89 59.61 93.48 22380 0.83
(150:75:75) (25:75:37.5 +

500 kg Gypsum)

Hy.cotton Sunflower 30.03 40.28 70.33 12762 0.58
(150:75:75) (62.5:75:62.5)

Source: Anon (1999-2005)
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Table 4.  Average yield, employment generation and water requirement as influenced by different cropping systems  of
southern transition zone of Karnataka (1987-1999)

Cropping systems Average yields of dist./zone Mandays (No./ha) used Average water requirement
(kg/ha) (cm/ha)

K R S Total K R S Total K R S Total

Maize-finger millet- 1720 1534 1659 4913 75 65 70 210 60 50 55 165
sorghum

Groundnut-sunflower- 1075 652 1534 3261 85 70 65 220 55 65 50 170
finger millet

finger millet-cowpea- 1534 354 1720 3608 65 40 75 180 50 40 60 150
maize

Sorghum-soybean – 1659 755 652 3066 70 45 70 185 55 40 65 160
sunflower

Hy.cotton –sunflower 467 652 1119 180 70 250 105 65 170

Hy.cotton-groundnut 467 1075 1542 180 85 265 105 55 160

Rice-maize 3833 1720 5553 145 75 220 165 60 225

Rice-sorghum 3833 1659 5492 145 70 215 165 55 220

Rice-cowpea 3833 354 4187 145 40 185 165 40 205

Rice-sunflower 3833 652 4485 145 70 215 165 65 230

Rice-soybean 3833 755 4588 145 45 190 165 40 205

Rice-rice(E) 3833 3833 7666 145 145 290 165 165 330

Rice-fingermillet 3833 1534 5367 145 65 210 165 50 215

Source: Chandrappa et.al., 2005; K= Kharif,  R=Rabi, S=Summer

Table 3. Productivity of different crop sequences in Bhadra command area during 1999-2002

Sl. Crop sequences Grain yield (q/ha) Maize Net returns
No. Kharif  Summer (q/ha) equivalent (Rs./ha)

Kharif Rabi Summer 1999- 2000- 2001- Mean 1999- 2000- 2001- Mean yield
2000 2001 2002 2000 2001 2002 (q/ha/year)

1. Maize Groundnut 88.3 24.6 63.2 58.7 23.1 5.9 15.0 14.7 93.9 27268

2. Maize Sunhemp Sunflower 86.3 21.9 63.6 57.3 16.9 7.4 13.8 12.7 99.5 33314

3. Sorghum Sunhemp Sunflower 10.3 29.5 35.0 24.9 17.9 7.4 14.1 13.1 61.5 19103

4. Sorghum Groundnut 9.8 28.0 28.0 23.7 20.3 6.1 14.5 13.7 53.3 10209

5. Hy.cotton Groundnut 10.4 5.5 4.2 6.9 22.5 5.7 14.7 14.3 55.0 4331

6. Hy.cotton Sunflower 10.0 5.3 4.5 6.6 14.8 6.6 6.5 9.3 8.95 7218

Source: Chandrappa  et al., 2002

to be carefully examined in the light of these factors
prior to recommendations (Gill and Sharma,2005).

Package of practices

The package of practices started form land
preparation to harvesting for each crop in the identified
efficient cropping systems are discussed below.

1. Maize (kharif)- groundnut (summer) system

Maize

Land preparation begins with  cleaning residues
of previous crop. Soil is loosened with discing,  deep
ploughing, furrows  are opened before sowing seeds.
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Inputs required

Seed : 15 kg/ha

FYM : 10 t/ha

NPK : 150-75-40 kg/ha

ZnSo4 : 10 kg/ha

Spacing : 60 cmX30 cm

Apply ZnSo
4
 to soil before sowing of crop. Apply

the nitrogen in 3 equal split i.e first one during sowing
time, second one during 30 DAS and last one  during
60 DAS. All P and K should be applied at the time of
sowing.

Irrigation : Based on soil and climatic characters,
irrigation should be given to the maize crop. For red
soils once in a week and for black soil once in two
week. Germination, flowering and grain filling stage
are the critical stages.

Weed management : Pre-emergence spraying of 2.5
kg/ha of Atrazine/ Simazine in 750 litre of water to the
field after sowing the maize crop to control the weed
growth in early stages. Inter cultivate the field 20-25
days after sowing.

Plant protection measures : Among the insects
damaging maize, stem borer is an important one. To
control, spray endosulphon @ 2ml/ litre of water to the
maize. Among the diseases, rust is the major one. To
control, spray mancozeb @ 2.5 g/ litre of water  to the
crop.

Harvesting : Maize cobs are harvested manually
(looking to the grain  moisture). Cobs are dried  in the
sun light after removing the spathes.

Summer groundnut

Land preparation : Immediately after the harvest of
maize crop, deep disking is done and irrigate the land
before the sowing and allow the land to dry a bit and
harrowed.  Furrow and ridges are opened for dibbling
of groundnut.

Inputs required

Seed : 150 kg/ha

FYM/Compost : 10 t/ha

Rhizobium : 375 g

NPK : 25-75-38 kg/ha  (Apply full
dose at the time of sowing)

Treat the seed with thiram powder  @ 2.5 g/kg of
seed for control seed  borne diseases and then treat
with rhizobium culture before sowing.

Gypsum : Apply gypsum @ 500 kg/ha before
sowing or 30 DAS

Spacing : Ensure sowing at 30cm x 15 cm

Irrigation : 1st – at the time of sowing,  2nd – 4
weeks after sowing  remaining
irrigation given in 10-12 day intervals

Weed management : Ensure 2-3 inter cultivations to
control weeds upto 45 days of sowing. Spraying of
Alachlor @ 2.5 l/750 litre of water per ha as pre-
emergent spray will control the weeds.

Plant protection :

Diseases: Treat the seeds before sowing with
carbendiazim @ 2 g/litre of water to control seed borne
disease, for leaf spot diseases – carbendiazim – 1/ g
litre of water

Insects: Moncrotophos @ 1 ml/ litre of water or
neemicide @ 5 ml/l of water to control leaf miner and
other sucking pests

Harvesting: Groundnut plants are dug based on
pod maturity. Pulled groundnut plants are dried in the
field, later processed.

Contingency planning

To make the system yield sustainable under
aberrant weather conditions like heavy  rain fall, disease
epidemics, non availability of sufficient surface
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irrigation etc., we have include some short duration
pulses like greengram (65 days) and cowpea ( 80 days)
which can be grown as intercrops with maize during
kharif season, so that  farmers can get additional
benefit under favourable conditions otherwise  will get
some assured yield under aberrant situations Farmers
can also  grow some  green manure  crops viz.,
sunhemp/ dhaincha in pre monsoon season so that it
can add organic N to the field which will be helpful for
subsequent crops.  In Bhadra command area farmers
can also grow minor millets such as fingermillet, little
millet followed by cowpea which can come up well
under aberrant situations.
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NORTH DRY ZONE OF KARNATAKA*

Rice-rice cropping system is one of the most
predominant and prevailing cropping system in Tunga
Bhadra Project(TBP) area of Karnataka. From several
years of experimentation at Agricultural Research
Station (ARS), Siruguppa and also the experience of
farmers in TBP area indicate that rice-rice cultivation
is more productive and also remunerative besides the
several alternative cropping systems have been

demonstrated by the ARS, Siruguppa. Several improved
high yielding varieties viz., BPT-5204 (Sona masuri),
Early Sona, Tellahamsa, ES-18 and Yeramallelu are
very popular with the rice cultivators in TBP area.
Recently the price of paddy has gone up to the tune of
Rs.1300 to 1500/q which inspire the farmers for rice-
rice cultivation in TBP area. The average productivity
of rice that has been realized from these varieties in
TBP area ranges between 5-6 t/ha. There is much
variation in the productivity levels that has been

* * * * *
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reported in different regions of this Zone. Siruguppa
Taluk is reported to have usually higher productivity
levels (6 t/ha), while the productivity levels in other
Taluks of the zone are on lower side. There are few
instances wherein some innovative farmers have
harvested rice yields upto 7-8 t/ha with the existing
varieties. This would promote the farming community
to continue rice-rice system in TBP area. Besides, the
soils are clayey and are low lying, compact, low
infiltration rate  hence poor drainage, all these favours
the farmer to go for rice-rice system. For maintenance
of soil fertility farmers are in habit of cultivating the
green manure crops like sunhemp and daincha in
between two crops.  Hence, there is lot of scope for
continuation of this system.

Next to rice-rice cropping system, maize-
bengalgram cropping system is the second most
prevailing and widely adapted cropping system in the
TBP area. Upper reaches of the command area, though
they are clayey but having good infiltration rate and
good drainage system. Presently high yielding maize
hybrids are available in the market, easy cultivation,
less labour intensive with good market price for the
produce. Whereas in bengalgram, early maturing of
85-90 days varieties are available at the farmers door.
Hence, there is lot of scope for continuation of this
system

With the introduction many high yielding Bt hybrids
in the market, farmers are inclined to grow Bt cotton
with least pesticides usage. Nearly, more than 80,000
ha is under Bt cotton in TBP area. Some of the short
duration Bt cotton hybrids viz., Bunny BG-I and BG-II
are introduced to the market which led to sequence
cropping  of some of the vegetables like ridgegourd/
tomato/ sesamum/ maize/bajra  and number of green
manure crops are also sown after the harvest of cotton
crop in the TBP area. Which are fetching high
economical returns to the farming community and it is
being a third most remunerative cropping system.
Hence, there is lot of scope for continuation of this
system, too.

Production potential and yield gaps

Among the prevelant crops there is lot of scope to
improve productivity using improved technologies
(Table 1). A gap of 2 to 4 t/ha exist in the zone.

Table 1. Production potential and yield gaps under
predominant crops in TBP area

Cropping Potential yield REY Gaps
system (t/ha) (t/ha)

K  R K R K R

Rice Rice 9 9 18.0 4 4

Maize Bengalgram 6 2 9.7 2 1

Cotton - 5 - 10.4 2 -

Rice-rice cropping system cover nearly 3 lakh ha,
Maize-bengalgram system occupy nearly 1 lakh ha and
cotton crop  covers nearly 80000 ha and cotton -
vegetables/cereals cover to an extent of nearly 15,000
ha under TBP area.

Efficient alternative cropping systems

According to land capability classification and
considering the resources available with the farmers
and prevalent socio-economic conditions, the following
are suitable cropping systems.

● Rice-Rice for low lying areas.

● Maize-Bengalgram for upper reaches of the
command area.

● Cotton for well drained areas.

In addition to these three systems, rice-ridge gourd,
rice-tomato/cluster bean/radish systems were also
found to be economical for the  tail enders under the
command area.

Package of practices

The package of practices standardized for efficient
cropping systems are discussed below.
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A.  Rice-rice system

Operations Crop-1 (Kharif) Crop-2 (rabi/summer)

Land preparations June-July December-3rd week-January 1st week

Number of tillages 2-3 2

Varieties and durations BPT-5204(150 days) BPT-5204(150 days)
IET-16933(120-125 days) IET-16933(120-125 days)
SIRI-1253(125-130 days) Tella hamsa(120 days)

IR-64 (135 days)
Yerramallelu(Sujata)(135 days)

Sowing time August end January middle

Seed rate 62.50 kg/ha 62.50 kg/ha

Sowing method Drum seeder/transplanting/SRI method Drum seeder/transplanting/SRI method

Fertilizer application

Organic manure 5-10 t/ha 5-10 t/ha

Chemical fertilizers 150:75:75 NPK kg/ha 150:75:75 NPK kg/ha
10-20 % higher doses adapted by farmers 10-20 % higher doses adapted by farmers

Secondary/micronutrients ZnSO4(1%) foliar spray Or 20 kg soil ZnSO4(1%) foliar spray Or 20 kg soil
application application

Time of applications

Basal 75:75:75 kg NPK/ha 75:75:75 kg NPK/ha

First top dressing 37.5 kg N/ha at grand growth period 37.5 kg N/ha at grand growth period

Second top dressing 37.5 kg N/ha at before ear head emergence 37.5 kg N/ha at before ear head emergence

Irrigation source Canal/lift/bore well irrigation Canal/lift/bore well irrigation

Number of irrigations Frequent Frequent

Method of irrigation Continuous flooding Continuous flooding

Major weed flora Cyparus rotundas and Cynodon dactylon Cyparus rotundas and Cynodon dactylon
(Scientific name)

Critical period of crop weed Before and 45 days of crop growth Before and 45 days of crop growth
competition

Weed management Hand weeding and chemical method Hand weeding and chemical method

Manual with number and time 1-2 at 20 and 40 days 1-2 at 20 and 40 days
of weeding

Promising herbicides Aniloguard/Butachlore/Propanyli Aniloguard/Butachlore/Propanyli

Time of application 5-7, 5-7 and 1-2 DAT respectively 5-7, 5-7 and 1-2 DAT respectively

Rate of application 1.5 l/ha, 30 kg/ha and 7.5 l/ha respectively 1.5 l/ha, 30 kg/ha and 7.5 l/ha respectively

Application method Butachlore(5 % G)-spreading and Butachlore(5 % G)-spreading and Aniloguard/
Aniloguard/ Propanyli through foliar spray Propanyli through foliar spray

Number/frequency of 1-2 leaf stage of weeds 1-2 leaf stage of weeds
application/sprays

Plant protection measures

Major diseases BLB, sheath blight, blast, neck blast BLB, sheath blight, blast, neck blast

Control methods Chemical method Chemical method
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Operations Crop-1 (Kharif) Crop-2 (rabi/summer)

Name of pesticides Ticychlozole/carbondyzime/Propeconozole/ Ticychlozole/carbondyzime/Propeconozole/
stretocyline stretocyline

Method of application Foliar spray Foliar spray

Rate of application 0.1-0.2 g/l of water 0.1-0.2 g/l of water

Number/frequency of 1-2 1-2
application/sprays

Major insect/pests BPH, WPH, leaf folder, stem borer and BPH, WPH, leaf folder, stem borer and leaf
leaf mite mite

Control methods Chemical Chemical

Name of pesticides Propenophos 50 EC, Dicofol, Endosulfan, Propenophos 50 EC, Dicofol, Endosulfan,
Chloropyriphos and Fipronyl Chloropyriphos and Fipronyl

Mode of application Foliar spray Foliar spray

Rate of application 2-2.5ml/l 2-2.5ml/l

Number/frequency of 1-2 1-2
application/sprays

Time of harvesting December middle April first week

Method of harvesting Manual Manual

Yield q/ha Grain yield- 65 q/ha Grain yield- 65 q/ha

Straw yield – 80 q/ha Straw yield – 80 q/ha

Major constraints Canal water release and close was Canal water release and close was not regular
not regular

B.  Maize-bengal gram system

Land preparations time May-June September-October

Number of tillages 2-3 2

Varieties and durations DMH-2(110-120 days), A-1, ICCV-10(90-105 days)
Cargil 900M(110-120 days)

Sowing time July 15th October-November 15th

Seed rate 15 kg./ha 62.50 kg/ha

Sowing method Seed drill/hand dibbling Seed drill

Fertilizer application

   Organic manure 10 t/ha 375 g PSB/ha

   Chemical fertilizers 150:75:37.5 NPK kg/ha 25:50:0 NPK kg/ha

   Secondary/micronutrients 10 kg ZnSO4 soil application -

Time of applications

   Basal 75:75:37.50 kg NPK/ha + 10 kg ZnSO4/ha 25:50:00 kg NPK/ha

   First top dressing 37.5 kg N/ha after 3-4 weeks -

   Second top dressing 37.5 kg N/ha at 6-7 weeks -

Irrigation source Canal/lift/bore well irrigation Canal/lift/bore well irrigation

Number of irrigations 4-5 2

Method of irrigation Furrow irrigation Furrow irrigation

Time of irrigation Sowing time, 30, 45, 60 and 75 DAS Sowing time, 25-30 DAS
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Operations Crop-1 (Kharif) Crop-2 (rabi/summer)

Major weed flora Cyparus rotundas and Cynodon dactylon Cyparus rotundas and Cynodon dactylon
(Scientific name)

Critical period of crop weed Upto 20 and 40 DAS Upto 20 and 40 DAS
competition

Weed management Hand weeding and chemical method Hand weeding

Manual with number and 1 1
time of weeding

Promising herbicides Atrazine -

Time of application Pre emergent -

Rate of application 1 kg ai/ha -

Application method Spraying -

Plant protection measures

Major diseases Downey mildew,rust Wilt

Control methods Chemical method Chemical method

Name of pesticides Ridimyl-MZ, Endosulfan Carbandyzime

Method of application Foliar spray Foliar spray

Rate of application 2 g/kg seeds and 2 ml/l water 0.5 g/l water

Time of application - Whenever necessary

Number/frequency of 1-2 1
application/sprays

Major insect/pests Stem borer Pod borer

Control methods Chemical Chemical

Name of pesticides Carbofuran-G Chloropyriphos, Endosulfan and quinolphos

Mode of application Foliar spray Foliar spray

Rate of application 7.5 kg/ha 3 ml/l , 2.5 ml, 2.0 ml/l water

Number/frequency of 1-2 1-2
application/sprays

Time of harvesting November middle February middle

Method of harvesting Manual Manual

Yield q/ha Grain yield- 60 q/ha Grain yield-  25 q/ha

Straw yield – 100 q/ha Straw yield – 20 q/ha

Major constraints ZnSO
4
 to be applied -

Contingency planning

1.  Received good rains in time

Shallow soils: Sugarcane, Bunch type groundnut,
Bajra, Tur, Kharif sorghum, Hybrid maize , foxtail millet
and pulses, mixed crops like Kharif sorghum and tur
(2:1), groundnut and tur (3:1) foxtail millet  and tur

(2:1) and Bajra and tur (2:1) should be grown.

Medium deep black: Green gram, Black gram in
kharif Safflower, rabi sorghum, Bengal gram and
wheat.

Deep black soils: keep Fallow in Kharif by making
square beds, flat beds, ridge and furrows.
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2.   Long dry spells after germination

● Give protective irrigations as for as possible

● Ratooning in Bajra and sorghum

● Take up urea spray for quick sprouting in
groundnut after receipt of rains.

● If the sown crops dried and withered, take up
sowings early maturing crops like foxtail millet,
beans, horse gram matki, cowpea and
sunflower.

3.   If rains in July instead of June

● Sow Kharif  crops like sugarcane, groundnut,
sunflower and foxtail millet

● In light soils, better to grow tur, sesamum,
cowpea, and horsegram

● Wherever no crops are sown for rabi after
every rain go for harrowing

● At July end better to grow dry land cotton.

4.   If rains received only in August

● Go for Herbacium cotton instead of Hirsutum
cotton in middle of August.

● In light soils better to grow sunflower,
sesamum, tur. Navane and horse gram.

● Grow castor on top of the flat bed bunds.

● In medium deep black soils grow Groundnut
and cotton as relay crops.

5.  If rains received only in September

● Medium deep black soils finish rabi jowar
sowings in middle of September in  northern
taluks of  Bijapur district while in other taluks,
in the month of October.

● Sole crops of safflower before  end of
September.

● Sunflower sowings in the third week of
September.

6.   If rains only in October

● Rabi sorghum sowings upto middle of October
and apply 50% of RDF

● Sorgum + bengalgram (2:1) in Bijapur district.

● Saflower + bengalgram (1:3).

● Sole crop of safflower.

● Wherever soils retains more moisture go for
wheat sowings till the end of October

● If you observe more moisture after one month
of jowar sowing apply 10 to 15 kg nitrogen as
top dress

7. If the rain stops early i.e., 40-45 days after
sowing

● Remove second or third row of crop and there
by reducing the plant population .

● To close the soil cracks repeated inter
cultivations are taken up.

● Protective irrigations from farm ponds or by
giving two protective irrigations  we can
increase the yields of rabi sorghum, safflower
and bengalgram.

● Wherever possible cover the top layer of the
soil with dry grass, crop waste .  or else by
harrowings we cover the cracks in soils.

Choice of crop varities :

Selection of any of the following varieties or hybrids
are recommended.

Timely sown conditions

1. Bajra-ICTP-8203

2. Redgram-PT-221, JS-1,ICP-8863,ICPL-
87119,TS-1S-1,WRP-1

3. Maize- Hybrids-Deccan, Deccan-101,
Deccan-103, Composites- Renuka, Prabha,
Vijaya
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4. Groundnut (Bunch type)- Rainfed-JL-24, S-
206, R-8808,TMV-2,R-9251,ICGS-11,KRG-1,
TAG-24

5. Groundnut (Spreading type)-DSG-1, S-230

6. Sunflower- Morden, KBSH-1, RSFH-145

7. Paddy-Varieties-Kharif-  Sonamasuri, Jaya,
Mandya Vani,Karna,NTU-1001, Mandya
vijaya, Amruth, Abhilash, Mangala,KRH-2.
Rabi- Jaya, Shakthi, Jyothi Summer-Jaya,
Tellahamsa

8. Sugarcane-COC-671,CO-740,CO-8014,CO-
7219

Late sown conditions

1. Foxtail millet -RS-118, S221-1

2. Sunflower- Morden, KBSH-1, RSFH-145

3. Horse gram-GPM-6

4. Castor-48-1, GCH-4

5. Sesame-E-8, DS-1.

6. Hirsutum cottons-Abhaditha and Sahana.
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AGRO-CLIMATIC ZONES OF TAMIL

NADU*

The State Tamil Nadu is geographically located
between 8°5' and 13°35' North latitude and between
76°14’ and 80°21' East longitude. As a result of this
geographical position, Tamil Nadu enjoys semi arid
climate, which permits higher crops productivity under
irrigation. Out of 13 million hectares of geographical
area, which is 3.95 per cent of total geographical area
of India, the cultivable area in Tamil Nadu is around
7 million hectares and 55 per cent of which is dryland.
Agro-climatically Tamil Nadu have been divided into
seven zones (Fig. 1).

Monsoon rainfall is the basic resource for water
availability in Tamil Nadu. The dominant monsoon for
rainfall is north-east monsoon (Oct.-Dec.) which
contribute about 42 to 48 per cent to total annual
rainfall of each district of Tamil Nadu. Nevertheless
the contribution from south-west monsoon (June-Sep.)
to Tamil Nadu is around 32 per cent and it benefits
Dharmapuri, Salem, Namakkal, Kanyakumari, The

Nilgiris, Vellore and parts of Villupuram, Cuddalore,
Karur, Thiruvallur and Perambalur districts.

If any negative deviation from normal rainfall
occurs in Tamil Nadu either during north east monsoon
season or during south west monsoon season, in a year,
the water availability in Tamil Nadu would affect three
major water sources of irrigation viz., canals, wells and
tanks. The normal rainfall in Tamil Nadu is 46.4, 140.9,
334.0 and 459 mm respectively for cold weather period
(Jan.-Feb.) hot weather period (March-May), south-
west monsoon period (June-Sep.) and north east
monsoon period (Oct.-Dec.).

The study on measured rainfall for the past four
years from the year 2000 indicated that continuous
meteorological drought occurred in both the monsoons
that led to agricultural drought in Tamil Nadu against
the normal pattern of continuous four years normal
rainfall followed by one year deficit rainfall. This
situation has driven to think on the development of
alternate crops to Tamil Nadu. In the past, because
of the sound soil health, limited human population, and
unlimited water availability, farmers have their own set

* * * * *
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of cropping pattern in command areas, tankfed areas,
well-irrigated areas and dryland areas. Because of
changing rainfall pattern over years due to
deforestation, urbanization, over population etc.,
groundwater depletion is triggered to be faster.
Considering them it is time to reduce the area under
rice by 20 per cent and for sugarcane by 40 per cent
to accommodate other demanding crops like oilseeds,
pulses, cotton, maize etc., The aim of substituting rice
and sugarcane by other crops is not only because of
shrinking water resource, but also due to the fact that
surplus in rice and sugarcane production achieved in
the State of Tamil Nadu. Hence, it is imperative to
design alternate cropping system based on soil and
climatic resources in addition to social requirements
of Tamil Nadu.

Production potential and yield gaps

The details of predominant cropping systems in
different districts of Tamil Nadu for different situations
are given in table 1 which reveals that wide range of
crops are grown and cropping systems followed. The
yield gaps analysis also revealed that there is wide gap
exists in different zones of the state in different
cropping system table 2.

Efficient alternative cropping systems

The predominant cropping systems in different
districts of Tamil Nadu are highlighted in Table 3 and
the efficient cropping systems as identified for different
agro-climatic zones based on soil and climatic
conditions are as follows.

I. North Eastern Zone

1. Kancheepuram district

Tank irrigated : ● Rice (Aug.-Jan.) - rice / maize
(Jan.-April)

Well irrigated : ● Rice/vegetables/marigold(June-
Oct.) - maize(Oct.-Jan.) - pulses
(Feb.-May)

● Rice (Aug.-Jan.) - groundnut
(Feb.-April) - Sesame

● Sugarcane (Dec.-Jan.) - ratoon
sugarcane (Jan.-Nov.) - rice

(Dec.-May) - groundnut(June-
Sep./Oct.) - 3 years rotation

Rainfed areas : ● Maize (June-Sep.) - groundnut
(Oct.-Feb.)

● Rice (July-Nov.)

2. Thiruvallur district

Tank irrigated : ● Rice/Vegetables/watermelon
(Aug.-Jan.)- groundnut/Sesame /
pulses (Feb.-May)

Well irrigated : ● Rice (April-Aug.) - groundnut
(Sep.-Dec.) - vegetables / sesame
(Jan.-March)

● Vegetables (June-Oct.) - maize
(Oct.-Jan.) – pulses (Feb.-May)

Rainfed areas : ● Dry rice (June-Aug.)-maize/
Vegetable/ groundnut / pulses
(Sept.-Jan.)

● Groundnut (June-Sep.) - pulses/
Sesame (Oct.-Feb.)

3. Villupuram district

Canal irrigated : ● Rice (Aug.-Jan) – pulses/sesame/
maize (Jan.-April)

Tank irrigated : ● Rice (Aug.-Jan.) – pulses
(including moth bean(Jan.-Apr.)

Well irrigated : ● Sugarcane (Dec.-Jan.) – ratoon
sugarcane (Jan.-Nov.) - rice
(Dec.-May) - groundnut (June -
Sep./Oct.) – 3 years rotation

● Rice (Aug.-Jan.) - groundnut
(Feb.-April) – sesame (April -
June)

● Maize (June-Sep) – marigold
(Oct.-Feb.)- pulses (Feb.-May)

Rainfed areas : ● Maize /pearl millet (June-Sep.)-
groundnut (Oct-Feb)

4. Thiruvannamalai district

Canal irrigated : ● Rice/maize (Aug.-Jan.) - pulses/
sesame (Jan.-Apr.)
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Table 3. Predominant cropping systems in each districts of Tamil Nadu

Districts Irrigated Up land Irrigated Low land Dry land / Rainfed

Kancheepuram Rice-Veg Rice-Pearl millet Rice
(Aug-Jan) (Jan-Sep) (Sep-Jan)(May-July) (Sep-Dec)

Thiruvallur Vegetables Semi dry rice Ground nut + Pigeon pea
(Feb-May) (Sep-Jan) (Sep-Jan)

Vellore Sugar cane-ratoon Ground nut-rice-rice Ground nut + Pigeon pea
(Dec-Jan) 2 yr rotation (Jan-Sep)(June-Sep) (June-Oct)
Banana-banana (Oct-Jan)
2 yr rotation

Thiruvannamalai Rice- Ground nut-Pearl Rice- Ground nut Groundnut-pulses
millet (Aug-Jan)(Jan-Apr) (June-Sep)(Oct-Nov)

(Aug-Jan)(Jan-Apr)
(May-July)

Cuddalore Rice-Rice Rice-Rice-Pulses Pearl millet-
(June-Sep)(Dec-May) (June-Sep)(Oct-Jan) Groundnut/pulses
Tapioca+ Ground nut (Jan-May) (June-Sep)(Oct-Jan)
(Oct-Aug) Rice-Pulses

(Aug-Feb)(Feb-May)

Villupuram Rice-Rice Rice-Pulses Groundnut-pulses
(Aug-Jan)(Jan-May) (Aug-Jan)(Feb-May) (June-Oct)(Nov-Feb)

Rice-Rice-
fallow/Pulses
(Aug-Jan)(Jan-May)
(June-Aug)

Tanjore Coconut groove Rice-Rice- Groundnut/pulses
Rice/Groundnut-Pulses Pulses/sesame (Oct-Nov)
(June-Sep)(Oct-Nov) (June-Sep)(Sep-Jan)

(Jan-May)

Nagapattinam Coconut groove Rice-Rice-Pulses Groundnut/pulses
(June-Sep)(Sep-Feb) (Oct-Nov)
(Feb-May)

Thiruvarur Coconut groove Rice-Rice-Pulses Groundnut/pulses
(June-Sep)(Sep-Feb) (Oct-Nov)
(Feb-May)
Rice-Pulses
(Sep-Jan)(Jan-May)

Trichy Rice- Rice-Rice- Pigeon pea+ Groundnut
Groundnut/sorghum Pulses/sesame (Aug-Dec)
(Aug-Dec)(Dec-Mar)

Chillies-Cotton (June-Sep)(Oct-Jan) (Feb-Apr) Cotton/Chilli
(Aug-Dec)
(June-Sep)(Oct-Feb) Rice-Pulses/sesame Millet-Minor pulses
Banana-Rice 2 yr (Aug-Jan)(Feb-Apr) (Oct-Jan)
rotation
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Districts Irrigated Up land Irrigated Low land Dry land / Rainfed

Karur Rice/Chillies- Groundnut- Rice- Sorghum/Groundnut +
Millets/Oil Seeds Millets Pigeon pea
(Aug-Jan)(Feb-May) (June-Sep)(Sep-Jan) (June-Sep)

(Feb-May)
Rice-Rice-Pulses
(June-Sep)(Oct-Feb)
(Feb-Apr)

Perambalore Cotton+Onion- Rice- Cotton Sorghum/ Cotton/ Pulses
Sorghum (Aug-Jan)(Feb-May) (Oct-Jan)
(Oct-Jan)(Feb-Apr)

Pudhukottai Banana-Banana Rice-Pulses/sesame Finger millet-Kodo millet
(July-June) (Aug-Jan)(Feb-Apr)
2 yr rotation (July-Dec)(Sep-Jan)
Sugarcane+Soybean-
Ratoon (Dec-Jan)
2 yr rotation

Madurai Cotton- Rice-Rice- Cotton/Groundnut
Sesame/Chilli/Pulses Pulses/sesame +Pulses
(Feb-June)(July-Jan) (June-Sep)(Oct-Jan) (Oct-Feb)
Rice-Banana (Jan-May)
2 yr rotation Rice-
(Aug-Jan)(Feb-Nov) Sugarcane/Banana

(Aug-Jan)  rotation

Theni Sugarcane-Ratoon Rice-Rice-Pulses Sorghum + Pigeon pea
(Dec-Jan) 2 yr rotation (June-Sep)(Oct-Jan) Maize/ Sorghum
Cotton-Maize (Feb-Apr) (Oct-Feb)
(Oct-Feb)(Mar-May) Green manure- Rice-

Rice
(Feb-Apr) (June-Sep)
(Oct-Jan)

Dindigul Rice- Cotton-pulses Rice-Pulses Sorghum/Pearl millet
(Aug-Jan)(Feb-June) (Aug-Jan)(Sep-May) (Oct-Jan)
(July-Aug) Hill banana
Sugarcane 2 yr rotation

Ramanatha puram Rice- Cotton/pulses Rice-Pulses Rice/ Chilli/Pulses/
(Sep-Jan)(Feb-Apr) (Sep-Feb)(Feb-May) Groundnut
Sugarcane 2 yr rotation (Sep-Jan)

Sivagangai Sugarcane 2 yr rotation Rice-Pulses Groundnut + Pigeon pea
Groundnut- Rice-Pulses (Aug-Jan)(Feb-May) (Oct-Jan)
(June-Sep)(Sep-Jan)
(Feb-Apr)

Vridhunagar Chilli-Cotton Rice-Rice-Pulses Groundnut -Coriander
(Sep-Feb)(Feb-Aug) (June-Sep)(Oct-Feb) (Oct-Jan)(Jan-Mar)
Cotton- Pearl millet (Mar-May)
(Feb-Aug)(Sep-Jan)

Thirunelveli Rice-Pulses Rice-Rice- Sorghum /Groundnut /
(Oct-Feb)(Mar-May) Pulses/fallow sesame
Sugarcane/ Banana (June-Sep)(Oct-Jan) (Oct-Nov)
2 yr rotation (Feb-May)
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Districts Irrigated Up land Irrigated Low land Dry land / Rainfed

Thoothukudi Cotton-Groundnut Rice-Rice- Cotton+Black gram
(Sep-Mar)(Apr-June) Pulses/sesame (Oct-Feb)
Chilli-Cotton (June-Sep)(Oct-Jan) Coriander/Sunflower/
(Sep-Feb)(Feb-Aug) (Feb-Apr) Fodder sorghum

Banana-Rice- (Nov-Jan)
Pulses/sesame
(June-May)(Jan-Sep)
(Oct-Jan) 2 yr rotation

Salem Tapioca+ Groundnut Rice- Groundnut Groundnut + Pigeon pea
(May-Feb) (Oct-Jan)(Feb-May) /castor
Cotton- Sorghum (July-Jan)
(Aug-Feb)(Feb-Apr)

Namakkal Tapioca+ Groundnut Rice- Groundnut Groundnut + Pigeon pea
(May-Feb) (Oct-Jan)(Feb-May) /castor
Cotton- Sorghum (July-Jan)
(Aug-Feb)(Feb-Apr)

Dharmapuri Rice-Finger Rice/Groundnut- Rice- Groundnut/Finger millet
millet/Tomato/  Finger millet -
Groundnut (June-Oct)(Nov-Mar) Minor pulses
(June-Oct)(Nov-Apr) (Apr-June) (June-Oct)(Nov-Jan)
Veg-Veg-Veg
(June- May)

Coimbatore Sorghum+Cowpea- Maize- Rice- fallow Sorghum
Finger millet + Onion (June-Sep)(Oct-Jan) /RainfedTomato/
(Mar-May)(June-Aug) Rice-Rice Chick pea
Cotton+ Onion (Apr-Aug)(Oct-Feb) (Oct-Jan)
(Sep-Oct) Cane-Cane Groundnut/Fodder

(June-Mar)(Apr-Sep) sorghum
(Apr-June)(Sep-Dec)

Erode Sugar cne-Ratoon 2 Rice-Rice- Rice /fallow Sorghum/Groundnut/
years (June-Sep)(Oct-Jan) Pulses
Turmeric-Rice (Feb-May) (June-Sep)
(May-Nov)(Nov-May) Rice- Cotton

(Aug-Jan)(Feb-May)

The Nilgris Veg-Veg-Veg - Rainfed Potato / Tea/
(June-Mar) Fruit trees

Kanyakumari Tapioca+Banana Rice-Rice Groundnut+ Pulses
(June-May) (June-Sep)(Sep-Mar) (June-Sep)(Oct-Jan)

Turmeric -1 year
rotation

Chennai Agriculturally not Agriculturally not Agriculturally not
important important important
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Well irrigated : ● Rice (Aug.-Jan.) - groundnut
(Feb.-April) – sesame (Apr. -
June)

● Sugarcane (Dec.-Jan.) - ratoon
sugarcane (Jan.-Nov.) - rice
(Dec.-May) - groundnut (June-
Sep.) – 3 years rotation

● Vegetables (June-Oct.) - maize
(Oct.-Jan.) - cotton / pulses (Feb.-
May)

Rainfed areas : ● Groundnut / maize (June-Sep.);
Groundnut / pulses / finger millet
(Oct.-Feb.)

5. Vellore district

Tank irrigated : ● Rice/vegetables (Aug.-Jan.) -
sesame/ pulses (Feb.- May)

Well irrigated : ● Sugarcane (Dec.-Jan.) - ratoon
sugarcane (Jan.-Nov.)- rice
(Dec.-May) - groundnut (June-
Sep./Oct.) - 3 years rotation

● Rice (Aug.-Jan.) - groundnut
(Feb.-April) - sesame/ pulses/
maize (April - June)

● Vegetables (June-Oct.) - maize
(Oct.-Jan.) – pulses (Feb.-May)

Rainfed areas : ● Pearl millet/sorghum(June-Sep.)-
groundnut (Oct-Feb.)

Maize (June-Sep.) - groundnut
(Oct.-Feb.)

6. Cuddalore district

Canal irrigated : ● Rice (Aug.-Jan.) - pulses/sesame/
cotton (Jan.-April)

● Maize /vegetables/pulses/sesame/
green manure (June-Sep.) - rice
(Aug.-Feb.) - pulses (Feb.-May)

● Sugarcane (Dec.-Nov.) - ratoon
sugarcane (Dec.-Nov.) - rice
(Dec.-May) - groundnut (June-
Sep./Oct.) - 3 years rotation

Tank irrigated : ● Rice/vegetables (Aug.-Jan.) -
Sesame/ pulses (Feb.-May)

Well irrigated : ● Rice (Aug.-Jan.) - groundnut
(Feb.-April) – Sesame(April -
June)

● Maize (June-Sep.) – marigold
(Oct.-Feb.) - pulses(Feb.-May)

● Vegetables (June-Oct.) - maize
(Oct.-Jan.) - pulses(Feb.-May)

Rainfed areas : ● Maize/pearl millet (Jun.-Sep)-
groundnut (Oct-Feb)

● Groundnut (June-Sep.) - pulses /
Sesame (Oct.-Jan.)

II. North Western Zone

1. Dharmapuri district

Canal irrigated : ● Cotton (Aug.-Jan.) - greengram /
cowpea(Feb.-April)

● Bhendi / cluster bean / water
melon (June-Sep.) -rice / Finger
millet (Dec.-March)

Well irrigated : ● Tapioca (Jan.-Dec.)
● Groundnut (June-Sep.) - wheat /

cole vegetables(Oct.-Feb.) -
pulses / sesame (Feb.-May)

● Cotton (Aug.-Feb.) - pulses /
sesame (Feb.-May)

Rainfed areas : ● Tapioca (May-Jan.)
● Finger millet / groundnut /

sunflower / castor / sorghum/
● Pigeon pea + Garden bean/ finger

millet / little millet / barnyard millet
(May-Oct.) - Minor pulses (Nov.-
Jan.)

2. Salem district

Canal irrigated : ● Rice (Aug.-Nov.) - cotton (Dec.-
May)/ sesame/ groundnut (Dec.-
Mar.)

● Cotton (Aug.-Jan.)- greengram/
cowpea(Feb.-Apr)
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● Bhendi / cluster bean / water
melon (June-Oct.) -rice (Dec.-
March)

Well irrigated : ● Tapioca (Nov.-Oct.) - short time
fallow

● Rice (Aug.-Jan.) - cotton (Feb.-
June) / sesame(Feb.-May) /
groundnut (Feb.-May)

● Cotton (Aug.-Jan.) - pulses /
groundnut(Feb.-April)

Rainfed areas : ● Tapioca (June-Feb.)
● Groundnut + pulses (May-Sep.) -

sorghum + pulses(Oct.-Feb.)
● Sorghum / finger millet / maize /

pearl millet (May-Sep.) -pulses
(Oct.-Jan.)

● Castor (May-Sep.) - pulses (Oct.-
Jan.)

3. Namakkal District

Canal irrigated : ● Bhendi / cluster bean / water
melon (June-Sep.) -rice (Dec.-
March)

● Cotton (Aug.-Jan.) - greengram /
cowpea(Feb.-April)

● Rice (June-Sep.) - rice (Oct.-Feb.)

Well irrigated : ● Tapioca (Jan.-Dec.)
● Cotton (Aug.-Jan.) - pulses (Feb.-

April)
● Rice (Sep.-Jan.) - cotton (Feb.-

June)
● Turmeric (May-Jan.)
● Groundnut (Apr-Jul)-maize(Aug-

Nov.)-finger millet (Dec-Mar)

Rainfed areas : ● Tapioca (June-May)
● Groundnut + castor / pulses (May-

Jan.)

III. Western Zone

1. Erode district

Canal irrigated : ● Rice (Aug.-Jan.) - Sesame/
groundnut (Feb.-April)

● Sugarcane (Dec.-Nov.) - ratoon
sugarcane (Dec.-Nov.) (2 years
rotation)

● Turmeric (May-Jan.) - rice (Feb.-
April)

● Groundnut (June-Sep.) - rice
(Oct.-Jan.) - maize(Feb.-May)

Well irrigated : ● Sugarcane (March-Jan.) - ratoon
sugarcane (Feb.-Dec.) - millets /
cotton (Jan.-April) / (Jan.-May)

● Cotton (Aug.-Dec) - coleus* /
vegetables (Jan.-July)

● Turmeric (May-Dec.) - maize /
hybrid tomato /capsicum / green
chillies (Jan.-April)

Rainfed areas : ● Maize / sorghum (June-Sep.) -
pulses (Oct.-Jan.)

● Cotton (Sep.-Feb.) - fallow

2. Coimbatore district

Canal irrigated : ● Rice (Aug.-Jan.) - sesame/
groundnut (Feb.-April)

● Sugarcane (Dec.-Nov.) - ratoon
sugarcane (Dec.-Nov.) (2 years
rotation)

● Turmeric (May-Jan.) - rice (Feb.-
April)

● Groundnut (June-Sep.) - rice
(Oct.-Jan.) - maize(Feb.-May)

Well irrigated : ● Cotton (Aug.-Feb.) - sorghum
(March - June)

● Turmeric (May-Dec.) - groundnut
(Dec.-March)

● Rice (Aug.-Jan.) - finger millet
(Feb.-June) - pulses(June-Aug.)

Rainfed areas : ● Maize / millets (July-Sept.) -
pulses (Sep.-Dec.)

● Cotton (July-Nov.) - wheat (Nov.-
Feb.)

● Maize (July-Oct.) – chick pea /
coriander (Nov.-Feb.)



Efficient Alternative Cropping Systems

232

3. Karur district

Canal irrigated : ● Turmeric (May-Dec.) - rice (Jan.-
April)

● Rice (Aug.-Dec.) - groundnut
(Dec.-March)

● Rice (Aug.-Jan.) – sesame /
pulses / cotton / sorghum(Feb.-
May)

● Sugarcane (Dec.-Nov.) - ratoon
sugarcane (Dec.-Nov.) - rice
(Dec.-March)

● Banana (June-March) - ratoon
banana (April-Jan.) – 2 years
rotation

Well irrigated : ● Sugarcane (March-Jan.) - ratoon
sugarcane (Feb.-Dec.) - millets/
cotton (Jan.-April) - (2 and half
years rotation)

● Cotton (Aug.-Dec.) - millet /
vegetables(Jan.-April) -
Groundnut (May-July)

● Turmeric (May-Dec.) - sesame/
sorghum / maize(Jan.-April)

● Rice (Aug-Dec)-sesame/
groundnut/pulses (Jan-Apr)

Rainfed areas : ● Maize / millets (July-Aug.) -
pulses (Oct.-Jan.)

● Cotton (July-Nov.) - wheat (Nov.-
Feb.)

4. Dindigul district

Canal irrigated : ● Rice (Oct.-Jan.) - vegetables /
groundnut/ Sesame (Feb.-May)

● Sugarcane (Dec.-Nov.) - single
crop

● Banana (June-March) - ratoon
banana (April-Jan.) – 2 years
rotation

Well irrigated : ● Sugarcane (Feb.-Dec.) - single
crop

● Cotton (Aug.-Dec.) - millets /
vegetables(Jan.-April) - groundnut
(May-July)

● Rice (Aug.-Jan.) - vegetables /
millet / groundnut /pulses (Jan.-
April)

Rainfed areas : ● Groundnut + pulses / maize /
millets / pulses (July-Oct.) - pulses
(Oct.-Jan.)

5. Theni district

Canal irrigated : ● Rice (June-Sep.) - rice (Oct.-Jan.)
- green manure / pulses (Feb.-
April)

Well irrigated : ● Sugarcane (March-Jan.) - ratoon
sugarcane (Feb.-Dec.) - green
manure (Jan.-Feb.) – 2 years
rotation

● Cotton (Aug.-Jan.) - millets /
vegetables / groundnut (Feb.-
June)

● Maize (Aug.-Nov.) - sorghum /
pearl millet(Dec.-Feb.) -
vegetables (March-July)

● Rice (Aug.-Jan.) - vegetables /
pulses / groundnut(Jan.-March)

Rainfed areas : ● Millets / maize / groundnut /
pulses (June-Oct.) -Minor pulses
/ pulses (Nov.-Feb.)

IV. Cauvery Delta Zone

1. Thanjavur district

Canal irrigated : ● Maize / pulses / vegetables (June-
Sep.) - rice (Oct.- Jan.) - pulses /
cotton / sesame/ sunflower (Feb.-
May)

● Rice (June-Sep.) - rice (Oct.-Jan.)
- pulses / sesame(Feb.-May)

Well irrigated : ● Banana (June-May) - ratoon
banana (May-June) - (drip-
Fertigation) - 2 years rotation

● Vegetables (June-Sep.) - rice
(Oct.-Jan.) - pulses(Feb.-April)
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● Vegetables / onion (June-Sep.) -
rice (Oct.-Jan.) -maize / pulses
(Feb.-May)

2. Thiruvarur district

Canal irrigated : ● Sugarcane - ratoon sugarcane
(Feb.-Dec.)

● Rice (June-Sep.) - rice (Oct.-Jan.)
- pulses /ssame(Feb.-May)

Well irrigated : ● Pulses/groundnut/ssame (June-
Sep.) - rice(Oct.-Feb.) -
groundnut / green gram/
pulses(Feb.-May)

● Rice (Aug.-Dec.) – groundnut
(Dec.-Mar.)

3. Nagapattinam district

Canal irrigated : ● Sugarcane - ratoon sugarcane
(Feb.-Dec.)

● Rice (June-Sep.) - rice (Oct.-Jan.)
- pulses /ssame(Feb.-May)

Well irrigated : ● Rice/pulses/groundnut/Sesame
(June-Sep.) - rice(Oct.-Feb.) -
groundnut / green gram/
pulses(Feb.-May)

4. Trichirapalli district

Canal irrigated : ● Maize/pulses/vegetables (June-
Sep.) - rice(Oct.-Jan.) - pulses /
cotton / sesame/ sunflower(Feb.-
May)

● Sugarcane - ratoon sugarcane
(Dec.-Nov.) - (2 years rotation)

● Rice (June-Sep.) - rice (Oct.-Jan.)
- pulses / Sesame(Feb.-May)

Well irrigated : ● Banana (June-May) - ratoon
banana (May-June)(Drip-
Fertigation)

● Vegetables (June-Sep.) - rice
(Oct.-Jan.) - pulses(Feb.-April)

Rainfed areas : ● Groundnut + pigeon pea (Oct.-
Feb.)

5. Perambalur district

Canal irrigated : ● Rice (June-Sep.) - rice (Oct.-Jan.)
- pulses /sesame(Feb.-May)

● Maize (Pulses) / vegetables
(June-Sep.) - rice (Oct.-Jan.) -
pulses/cotton + onion / sesame/
sunflower(Feb.-May)

● Sugarcane - ratoon sugarcane
(Dec.-Nov.) - (2 years rotation)

Well irrigated : ● Banana (June-May) - ratoon
banana (May-June) (Drip-
Fertigation)

● Vegetables / onion (June-Sep.) -
rice (Oct.-Jan.) - maize / pulses /
sesame (Feb.-May)

Rainfed areas : ● Sesame (July-Oct.) - cotton +
coriander(Nov.-Feb.)

6. Pudukottai district

Canal irrigated  : ● Rice (June-Sep.) - rice (Oct.-Jan.)
- pulses / sesame(Feb.-May)

● Rice (Aug.-Jan.) - pulses/sesame/
cotton (Jan-Apr)

● Sugarcane - ratoon sugarcane
(Nov.-Dec.)

Tank irrigated : ● Rice (Aug.-Jan.) - pulses (Feb.-
April)

● Rice (June-Sep.)-finger millet
(Sep-Dec.)-pulses (Jan.-Apr)

Well irrigated : ● Groundnut (April-July) - rice
(Aug.-Jan.)- pulses(Feb.-April)

● Finger millet (Apr-July)- rice
(Aug.-Jan.)-pulses (Feb.-Apr)

● Sugarcane - ratoon sugarcane
(Nov.-Dec.) - (2 years rotation)

● Banana - ratoon banana (July-
May) - (2 years rotation)
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Rainfed areas : ● Groundnut + pigeon pea (June-
Jan.)

V. Southern Zone

1. Madurai district

Canal irrigated : ● Rice (June-Sep.) - rice (Oct.-Jan.)
– pulses (Feb.-April)

● Sugarcane - ratoon sugarcane
(Nov.-Dec.) - (2 years rotation)

Tank irrigated : ● Rice (Sep.-Jan.) - cotton (Feb.-
Aug.)

Well irrigated : ● Vegetables /groundnut (July-Jan.)
- cotton (Feb.-Jun)

● Rice (Oct.-Jan.) - pulses (Feb.-
April)

Rainfed areas : ● Cotton + pulses (Sep.-Feb.)
● Maize / pulses / coriander /

sunflower (Jan.-April)

2. Ramanathapuram district

Canal irrigated : ● Rice (Sep.-Jan.) - cotton (Jan.-
Feb.)

Tank irrigated : ● Rice (Sep.-Jan.) - cotton (Feb.-
Aug.)

Well irrigated : ● Rice (Sep.-Jan.) - cotton (Feb.-
Aug.)

● Rice (Sep.-Jan.) - groundnut
(Feb.-May)

● Groundnut (June-Sep.) - chillies
(Oct.-Feb.)

Rainfed areas : ● Upland rice/millets / pulses /
groundnut / cotton / chillies (Sep.-
Feb.)

3. Virudhunagar district

Tank irrigated : ● Rice (Sep.-Jan.) - cotton (Feb.-
Aug.)

Well irrigated : ● Chillies / groundnut (July-Jan.)-
cotton (Feb.-June)

● Pearl millet (June-Aug.) - chillies
(Oct.-April)

Rainfed areas : ● Cotton + blackgram / chillies
(Sep.-Feb.)

● Sorghum / maize/groundnut /
sunflower /sesame(Sep.-Jan.)

4. Sivagangai district

Canal irrigated : ● Rice (Sep.-Jan.) - cotton / pulses/
millets / vegetables / sesame
(Feb.-Aug.)

Well irrigated : ● Groundnut / pulses / vegetables
(June-Sep.) – rice (Oct.-Feb.)

● Sugarcane - ratoon sugarcane
(Nov.-Dec.) – 2 years rotation

● Banana (July-June) - ratoon
banana (June-March) - (2 years
rotation)

Rainfed areas : ● Groundnut + pulses (June-Sep.)-
sesame(Oct.-Jan.)

5. Tirunelveli district

Canal irrigated : ● Rice (June-Sep.) - rice (Oct.-Jan.)
- pulses / sesame(Feb.-April)

Tank irrigated : ● Rice (Sep.-Dec.) - pulses (Jan.-
April)

Well irrigated : ● Chillies / groundnut / rice (July-
Jan.) - cotton (Feb.-June)

● Rice (Oct.-Feb.) - pulses (March
- July)

Rainfed areas : ● Cotton + blackgram / chillies
(Sep.-Feb.)

● Maize / millets / groundnut /
sunflower (Sep.-Feb.)

6. Thoothukudi district

Canal irrigated : ● Rice (June-Sep.) - rice (Oct.-Jan.)
- pulses / sesame (Feb.-April)

Tank irrigated : ● Rice (Sep.-Jan.) - cotton (Feb.-
Aug.)
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● Maize / rice (June-Sep.) - chillies
(Oct.-Feb.)

Well irrigated : ● Chillies / groundnut (July-Jan.) -
cotton (Feb.-June)

● Rice (Oct.-Feb.) - pulses (March
- July)

Rainfed areas : ● Cotton + blackgram / chillies
(Sep.-Feb.)

● Maize / millets / groundnut /
sunflower (Sep.-Feb.)

VI. High Rainfall Zone-Kanyakumari District

Canal irrigated : ● Rice (April-Aug.) - rice (Sep.-
March) - fallow

● Banana - ratoon banana (April -
Jan.) - (2 years rotation)

Tank irrigated : ● Rice / maize (June-Oct.) - rice
(Oct.-Feb.) – pulses (Feb.-May)

Well irrigated : ● Tapioca + pulses (Sep.-July)
● Red banana (June-May)
● Rice (Oct.-Feb.) - pulses (Feb.-

May)

Rainfed areas : ● Tapioca + pulses (April-Dec.)

VII.   Hilly and High Altitude Zone

Nilgris

Tea and coffee

Rosemary and thyme, potato, cabbage, radish and
carrot (grow these crops in terrace)

Cut flowers

Kodaikanal

Lower Palani hills –

Coffee, Mandarin, Cocoa, Vanilla, Chowchow,
Pineapple, French beans, Avocado, Cardamom, Pepper
and Cut flowers.

Upper Palani hills – Potato, Pear, Peaches, Plums,
Apple Garlic, Cabbage, Ginger

Package of practices

The packages of practices for high potential crops
of efficient cropping system as identified are as
follows:

Rice

Nursery management

Area:   20 cents (800 m2)/ha.

Seed rate (kg/ha)

Short duration - 60

Medium duration - 40

Long duration - 30

Hybrids - 20

Seed treatment

• Carbendazim or Pyroquilon or Tricyclozole at
2 g/l of water/ kg of seeds

• Pseudomonas flourescens: 10g/kg of seed

• Azospirillum 600 g/ha + Phosphobacteria
600g/ha or Azophos 1.2 kg/ha.

Weed Management

Pretilachlor + safener 0.3kg/ha, on 3rd or 4th day
after sowing.

Nutrient management

• 1 tonne FYM or compost

• 40 kg DAP basally for 25 days nursery or
urea 16 kg and super phosphate 120 kg.

• If seedlings are to be pulled out after 25 days,
application of DAP is to be done 10 days prior
to pulling out.
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Main Field Management

Land preparation

• Puddling

• Leveling

• Bund trimming and plastering

Optimum age of seedlings

For quick establishment of seedlings the optimum age
of seedings (days) are follows.

Short duration - 18-22 days

Medium duration - 25-30 days

Long duration - 35-40 days

Root dipping

• Azospirillum 1000 g/ha and Phosphobacteria
5 packets 1000g/ha or Azophos 2000g/ha mix
in 40 lit. of water.

• Dip the root portion of the seedlings for 15 -
30 minutes in bacterial suspension.

Spacing (cm)

Short duration - 15x10

Medium duration - 20x10

Long duration - 20x15

Plantinf of 2-3 seedlings / hill for short duration
and 2 seedlings / hill for medium and long duration.

Nutrient management

Application of organic manures

Apply 12.5 t of FYM or compost or green leaf
manure @ 6.25 t/ha.

Biofertilizer application

• Azolla as a dual crop by inoculating 250 kg/
ha 3 to 5 DAT and then incorporate during
weeding.

• Azospirillum 2000 g/ha and Phosphobacteria
2000g/ha or  Azophos 4000g/ha with 25 kg
FYM and 25 kg of soil and broadcast the
mixture uniformly before transplanting

• Pseudomonas fluorescens (Pf 1) at 2.5 kg/
ha mixed with 50 kg FYM and 25 kg of soil
and broadcast uniformly before transplanting.

Application of inorganic fertilizers

Varieties NPK kg/ha

Short duration - 150 : 50 : 50

Medium and Long duration - 150 : 50 : 50

Hybrids - 175 : 60 : 60

Split application of N and K

N and K in four equal splits viz., basal, tillering,
panicle initiation and heading.

N management through LCC

• Time of application is decided by LCC score.

• Take observations from 14 DAT in
transplanted rice.

• Repeat the observations at weekly intervals
up to heading.

• Observe the leaf colour in the fully opened
third leaf from the top as index leaf.

• Match the leaf color with the colours in the
chart during morning hours (8-10 am).
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• Take observation in 10 places.

• LCC critical value is 3.0 in low N response
cultures like White Ponni and 4.0 in other
cultivars and hybrids.

• When 6/10 observations show less than the
critical colour value, N can be applied @ 35kg
N/ha in dry season and 30kg N/ha in wet
season per application per ha.

Application of zinc sulphate

Apply 25 kg of zinc sulphate mixed with 50 kg
dry sand just before transplanting.

Application of gypsum

Apply 500 kg of gypsum/ha (as source of Ca and
S nutrients) at last ploughing.

Foliar nutrition

Foliar spray of 1% urea + 2% DAP + 1% KCl at
PI and 10 days later for all varieties.

Weed management

• Butachlor 1.25kg/ha or Anilophos 0.4kg/ha as
pre-emergence application.

• Apply the herbicide mixed with 50kg of dry
sand with thin film water on the 3rd DAT.

Post - emergence herbicides

• If pre-emergence herbicide application is not
done, hand weeding has to be done on 15th
DAT. 2,4-D sodium salt (Fernoxone 80%
WP) 1.25 kg/ha dissolved in 625 litres

Water management

• Transplanting - shallow depth of 2 cm of
water.

• Maintain 2 cm of water up to seven days of
transplanting.

• After the establishment stage, cyclic
submergence of irrigation needs to be
maintained as specified below.

Soil type Summer Winter

Loamy 1 day 3 days

Clay Just before /
immediately after 1 - 2 days
disappearance

Harvesting

Harvesting is to be done when 80% of the panicles
turn straw colour.

Pest management

• Remove/destroy stubbles after harvest

• Keep the fields free from weeds

• Trim field bunds

• Provide effective drainage, if required

• Avoid use of excessive ‘N’ fertilizers.

• Avoid close planting, especially in BPH and
leaf folder prone areas and seasons.

• Leave 30 cm space at every 2.5 M

• Use irrigation water judiciously

• Use light traps to monitor pest incidence

• Remove egg masses of stem borer

• In BPH prone areas/seasons, avoid use of
synthetic pyrethroids, methyl parathion and
quinalphos and use recommended chemical at
recommended doses.

• Use insecticides based on ETLs.
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IPM module

• Pseudomonas flourescens – Seed treatment
(10 g/kg), seedling dip (2.5 kg/ha),  main field
application (2.5 kg/ha)

• Integrated Nutrient Management

• Use of neem cake coated urea (5 : 1)

• Inclusion of green manures / biofertilizers

• N management by Leaf Colour Chart (LCC)

• K application – basal (50%) + one top
dressing (50%)

• Rogueing space (1’ for every 8’)

• Water management – alternate wetting and
drying and submergence of recommended
level during critical periods only

• Release of biocontrol agents, when the moth
activity is noticed

• Trichogramma japonicum for stem borer @
1,00,000 (5 cc)/ha at weekly interval for 3
times

• Trichogramma chilonis for leaffolder @
1,00,000 (5 cc) /ha at weekly interval for 3
times

• Set up bird (owl) perches at 40 to 50 /ha

• Application of botanicals especially Neem
seed kernel extract 5% against leaf folder

Sunflower

Growing season

Rain fed: June- July, Oct – Nov

Irrigated: Dec- Jan, April – May

Variety: CO 4

Field preparation:  plough once or twice with iron
plough or 3 – 4 times with country plough

Application of fertilizers

Farm yard manure 12.5 t/ ha – before ploughing

Hybrid : irrigated – 60: 90:60 kg NPK ha-1

Rainfed -  40: 50: 40 kg NPK ha-1

Variety : irrigated – 50:60:40 kg NPK ha-1

Rainfed -  40: 50: 40 kg NPK ha-1

Micro nutrient mixture – 12.5 kg ha-1

Seed rate

Irrigated Rainfed

Varieties - 6 kg 7

Hybrid    - 4 kg 5 kg

Seed treatments

● Soaking the seeds with 2% ZNSO
4
 for 12 hrs

– Rainfed sowing

● Trichoderma @ 4 g /kg of seed

● Azospirillum – 3 packets (600g) of
Azospirillum seed treatment using rice kanji

Spacing: varieties – 60x30cm       Hybrid – 45 x30
cm

Thinning: 10th DAS

Weed management

● Fluchloraline at 2 l /ha – before sowing or 5
DAS

● Pendimethalin – 3 DAS and followed by one
hand weeding at 30-35 DAS

● How and hand weeding at 15 and 30 DAS
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● NAA spray: 20 ppm – 30 and 60th DAS

Improving the seed set by mechanical means

● Mild rubbing of capitulam with hand covered
with soft cloths

● Rubbing of  2 flowers face to face gently

● Keeping bee hives @ 5 /ha

For protection from bird damage – use
reflective ribbons scarces the bird.

Harvesting:

Cut the capitulam only, thresh, immediately after
threshing dry the heads in the sun for 3 days. Thresh
using mechanical thresher or beat with stick,
winnowing and cleaning and stored in gunny bag.

Contingeny planning

Drought due to aberrant rainfall condition is
generally classified on the basis of departure from
normal rainfall. Whenever the deficiency of rainfall
exceeds 50 per cent of the normal, it is characterized
as severe drought. Moderate drought is associated
with a rainfall deficiency of 26-50 per cent of the
normal. Crop production is likely to be affected by (1)
early season drought, (2) mid season drought and (3)
late season drought. Therefore, advance planning.

Early season drought

When there is a delay in the onset of monsoon,
the distribution or duration of rainfall gets reduced i.e.,
length of growing season gets reduced. It is better to
develop crop yield models, relating weather data for
simulating the yield pattern in relation to the date of
commencement of sowing rains in order to identify
optimum period of sowing.

Practices to overcome early season drought due
to delayed monsoon are as follows.

● Transplant crops like sorghum with the start
of rainfall. It is possible where there is the
availability of water source for raising the

seedling in nursery (Dapog nursery with seeds
treated with CCC at 5000 ppm is preferable)

● Going for alternate crops (pearl millet instead
of sorghum). Appropriate crop and variety
suitable for various dates of sowing should be
identified.

Mid-season drought

Mid season drought occurs due to break in
monsoon conditions after the establishment of crop
stand.  In the event of mid season drought, mulching
will help in reducing soil evaporation and conservation
of moisture in the top layers of the soil.  Mulching may
not be effective after the crop canopy develops to the
extent of shading the ground completely.

Drought at the vegetative phase might result in
stunted growth, low leaf area development and
sometimes reduced plant population.  Drought after
the maximum leaf area development will result in
depletion of soil moisture, because the water
requirement of the crop depends upon the solar
radiation intercepted by the crop canopy.  Land
configurations may be useful to conserve moisture to
encounter mid season drought.

Late season drought or terminal drought

Late season drought occurs due to early cessation
of rainy season resulting in severe moisture stress
during the reproductive stage and physiological
maturity stage.  In the event of terminal droughts the
crop will continue to grow under receding soil moisture
conditions.  During the post-anthesis period,
accumulation of dry matter taken place in storage
organs.  Economic parts of plants will develop only
during the later part of crop cycle.  Any moisture
stress during this period will adversely affect economic
produce such as grain yield.  Therefore, the crop
requires supplementary irrigation that may not be
possible without generating additional water resources
through rainwater harvesting and recycling.

Mid season corrections

Mid season correction is a contingent management
practice to overcome unexpected and or unfavourable
weather condition.
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The weather abnormalities (unfavourable weather
conditions) are such as early cessation of monsoon
rains or a long spell of drought in between two rains.

The drought may extend over a period of three
to four weeks or five to six weeks. Several practices
have been developed to mitigate the damaging effects
of these dry spells.

1. Thinning of crop stands particularly the more
sensitive component in a crop mixture such
as sorghum-Pigeon pea intercropping.

2. If adequate rains are received after a near
killing drought and there is yet long enough
season, ratooning of sorghum and bajra helped
greatly.

3. Other practices like spraying cycocel in barley
and wheat to reduce plant growth and
encourage root growth in rainfed conditions
and nipping in chickpea to reduce vegetative
growth and also followed.

Thinning or population adjustment can be done
either by removing every third row or alternate row

or every third plant or alternate plant in a population
to reduce the population to 2/3 or 1/2 according to the
availability of moisture in the soil during dry spell.
Sensitive component in a mixed or intercrop is one
which is more susceptible to drought than the other.
For example in sorghum-Pigeon pea intercropping
system, sorghum is the sensitive component. This
ensures efficient use of limited moisture. When a
sorghum crop is sown in south west monsoon and
intermittent drought occurs, the sown crop can be cut
for fodder and on the onset of north east monsoon the
ratoon can be allowed for grain. Sometimes two
fodders and one grain crop can be taken up by
ratooning. The same practice is followed in Pearl millet
also. Contingency planning provides an important
component in improving measures to reduce the
impacts of climate variability on crop production and
other agricultural production systems.

Reference

Ramasamy, C., Ramanathan, S., Balasubramanian, T.N.,
Ragupathi, N., Natarajan, S., Devasenapathy, P.,
Natarajan, N. Alternative Cropping Pattern For Tamil
Nadu, Directorate of Research, Tamil Nadu Agricultural
University, Coimbatore-641 003.
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ZONE 11. EAST COAST PLAINS AND HILLS REGION
This zone consists of coastal areas involving four districts of Orissa, nine districts of Andhra

Pradesh and sixteen districts of Tamil Nadu. Two on-station centres and three on-farm centres
of AICRP on Farming Systems are located in the zone. The resource efficient alternative
cropping systems  and package of practices as developed for selected crops are discussed here
with special reference to following zone.

● Coastal and Inland zone of Orissa

* Contributed by J.M.L. Gulati, M. Mohanty, K.C. Pradhan, A.K. Mohanty  and S.S. Nanda, Farming Systems Research, Department of
Agronomy, OUAT, Bhubaneswar – 3

COASTAL AND INLAND ZONE OF ORISSA*

Orissa is predominantly an agrarian state and lies
between 17o52’ to 22o45’N latitude and 81o45’ to
87o50’E longitude. The mean rainfall is 1451 mm of
which 78.9% is concentrated during the monsoon
months of June to September and remaining 11.2 and
9.9% during post (October to January) and pre
(February to May) monsoon period, respectively.
Based on rainfall and type of soil, the state has been
grouped under 10 agro-climatic zones for convenience
in agriculture planning. Predominant soil groups are
red, laterite black, mixed red and black, mixed red and
yellow, brown forest, alluvial and saline, first two being
the dominant groups.

Through, endorsed with vast natural resources, the
state could not capitalize on it because of several
factors of biotic and abiotic nature. Mean productivity

(mean of 2002 to 2006, Orissa Agricultural
Statistics,2006-07) of most of the crops is less than
that of the national average. However, the crops like
arhar, groundnut, sunflower and sugarcane have
shown higher productivity over the national average
by 11, 46, 44 and 4.5 %, respectively. These crops,
thus, provide ample scope to increase the cropping
intensity of the state from present value of 158%.
Identification of high input responsive and economically
viable crop(s)/ variety(s) to fit into as an alternative
to prevailing crop(s) has become imperative.
Considering this, an intensive exercise has been made
to consociate spread and yield index of different crops,
grown under 3 agro climatic zones under the purview
of AICRP on Farming Systems Research to emaciate
low yield potential crops and to emanate alluring crops
based on yield gap analysis and experimental findings
on identification of need based cropping systems for
different agro climatic zones.

Table 1. Salient features of the Agro-climatic zones under study

Agro-climatic Zone Climate Mean Mean Mean Broad soil
annual rain minimum maximum group

fall (mm) temp (ºC) temp (ºC)

East & South Eastern Hot & humid 1577 11.5 39.0 Saline, lateritic, alluvial,
Coastal Plain Zone red and mixed red

and black

West  Central Table Hot & moist 1614 12.4 40.0 Red & yellow, red &
Land Zone sub humid black, black, brown

forest, lateritic.

Mid Central Table Hot & moist 1421 14.0 38.7 Alluvial, red, lateritic,
Land Zone sub humid mixed red & black
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Production potential and yield gaps

Data on area, productivity and cropping intensity
of major crops grown in 3 agro climatic zones of the
state namely East and South Eastern Coastal Zone,
West Central Table Land Zone and Mid Central Table
Land Zone for 3 consecutive years (2004-05 to 2006-
07) were collected. Analysis was made on cropping
index (Ruthenberg, 1976) and spread and yield index
(Mahapatra,1985). The salient features of each of the
3 agro climatic zones have been summarized in
table1.Yield gap analysis was made by making use of
highest yield of crops (average of 3 years) harvested
in one of the experiments on identification of need
based cropping systems in respective agro-climatic
zones along with zonal average. The difference
between the two was treated as yield gap (Table2).

Temporal and spatial intensifications of cropping
constituents calls for continuous monitoring of crops
grown in an area. A careful study would provide an
adequate inputs to push sustainable enhancement of

productivity level on system basis. Past experiences
have shown that integrated approach, even in crop
oriented programmes had helped to boast production.
Thus, cropping index and the intensity of an area would
reflect the land use pattern vis-à-vis land use
efficiency.

Cropping index and intensity:

Data presented in table 3 revealed that mean
cropping index across the 3 zones under  study was
789 in kharif and 1544 in rabi-summer, highest being
800 and 1600 in East and South Eastern Coastal Plain.
District wise, the cropping index was the highest (900)
in Jagatsingpur, Baragarh and Angul during kharif and
1900 in Kendrapada district during rabi-summer.
Similarly, mean cropping intensity of 3 zones was
172%, the highest being 187% in East and South
Eastern Coastal Plain. Puri district recorded the
highest (208%) and Bargarh the lowest (138%)
cropping intensity. From the observations it appears
that number of crops grown in rabi summer

Table 2. Yield gap-analysis in efficient crops for different agroclimatic zones.

Sl.No. Name of the Crop Mean zone Potential Yield gap Increaase
Agroclimatic yield yield (q/ha) over zone
Zone (q/ha) (q/ha) mean (%)

I. East & South Eastern Rice(Kharif) 23.3 53.0 29.8 127.5

Coastal Plain Maize 12.3 40.5 28.2 229.3

Greengram 3.6 8.4 4.8 133.3

Cowpea 6.8 25.0 18.2 267.7

Groundnut (Rabi) 20.7 24.0 3.4 15.9

Sesamum 3.1 9.4 6.3 203.2

II. West Central Rice(Kharif) 27.1 55.2 28.1 103.7

Table Land Maize 12.8 42.3 29.5 230.5

Greengram 3.7 9.2 5.5 148.6

Cowpea 6.7 28.4 21.2 323.9

Groundnut(Rabi) 16.6 25.5 8.9 53.6

Sesamum 4.0 8.2 4.2 105.0

III. Mid Central Rice(Kharif) 24.3 53.0 28.7 118.1

Table Land Maize 9.5 40.5 31.0 326.3

Greengram 3.5 8.4 4.9 140.0

Cowpea 6.4 25.0 18.6 290.6

Groundnut(Rabi) 16.3 24.0 7.7 47.2

Sesamum 3.6 9.4 5.8 161.1
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Table 3. Cropping index and cropping intensity in different agro-climatic zones of Orissa

Serial Agro-climatic Zone Name of the Cropping Index Cropping

No. district Kharif Rabi/Summer Intensity (%)

I. EAST &SOUTH EASTERN Jagatsingpur 900 1700 188
COASTAL PLAIN Kendrapara 800 1900 187

Puri 800 1400 177
Khurda 800 1300 173
Nayagarh 700 1700 208
 Mean 800 1600 187

II. WEST CENTRAL TABLE  Balangir 900 1600 138
LAND ZONE  Sonepur 700 1600 140

 Boudh 900 1400 164
 Sambalpur 600 1500 145
 Bargarh 700 1500 156
 Jharsuguda 800 1600 186
 Mean 767 1533 155

III. MID CENTRAL TABLE  Cuttack 900 1600 175
LAND  Dhenkanal 800 1600 185

 Angul 700 1300 161
 Mean 800 1500 174

contributed more in increasing the cropping intensity
than the number of crops grown during kharif.

Spread index (SI) and yield index (YI)

A quantitative analysis of crops and system
performance is imperative to accept or reject it in a
particular zone. Such exercise can help to harness
temporal and spatial benefits through tactical use of
externally applied inputs, naturally available and
environmentally usable resources. The indices, spread
and yield, are the good measure to analyse productivity
efficiency of various crops. Successful attempt through
use of these indices  has been made by Mahapatra
(1985) who divided crops into 4 zones, namely Zone
I(High yield and high spread), Zone II (High yield and
low spread), Zone III(low yield and high spread) and
Zone IV (low yield and low spread), Zone I and Zone
IV being the most efficient and inefficient zone of crop
production, respectively (Table-4 a,b&c).

Efficient rice growing areas

Rice is the staple food of Orissa and is grown
geoponically since beginning of the cultivation of
domestic crops. An early report (Mahapatra, 1985) also
revealed that rice is a staple food among all the kharif
cereals in terms of yield potential in north- western

part of the country, though eastern part records
comparatively less yield potential due to various
reasons. District wise date on yield index presented
in table 4a to 4c for 3 agroclimatic zones would reveal
that Khurda(118) during kharif and Jagatsinghpur(123)
during rabi-summer in East and South Eastern Coastal
Plain, Jharsuguda both in kharif (108) and rabi-
summer(106) in West Central Table Land Zone and
Cuttack(104) during kharif in Mid Central Table Land
zone are more promising in terms of yield index.
Interestingly, none of the districts in this zone showed
appreciable yield index during rabi/summer.

Non rice efficient zones

Data presented in table 4a to 4c further showed
wide variations in SI and YI among the districts within
the agroclimatic zones. In zone East and South Eastern
Coastal Plain, the highest spread index of 478 was
observed for kharif groundnut in Nayagarh district,
though the yield index was miserably low(19).
Whereas, Puri district recorded highest YI of 276 with
rabi groundnut, the spread index being 127.

In West Central Table Land Zone, the highest
spread index of = 200 was observed in wheat
(Jharsuguda), cowpea and Arhar (Boudh) and kharif
groundnut(Bargarh) . The corresponding yield index



Efficient Alternative Cropping Systems

244

Table 4. Efficient crops identified for different districts in various Agroclimatic Zones

Sl.No. Name of the Name of the District Name of the crop Crops to be replaced
Agro-climatic
Zones

I. East Jagatsingpur Groundnut(Rabi), Potato, Sunflower, Cowpea,
& south Mung, Wheat
eastern coastal Kendrapara Potato, Mung, Wheat Sesamum, Fieldpea, Maize
plain Puri Groundnut(Rabi), Potato,  Rice Wheat, Sunflower

Khurda Mung, Rice Wheat, Arhar, Maize
Nayagarh Mung Groundnut(Kharif),

Maize, Wheat

II. West Balangir Sunflower, Wheat, Groundnut Arhar, Maize
central (Kharif), Cowpea, Arhar, Rice,
table land Fieldpea

Sonepur Rice, Mung, Mustard(T) Maize

Boudh Cowpea, Arhar Groundnut(Rabi), Maize

Sambalpur Sesamum, Fieldpea, Rice, Maize

Bargarh Groundnut(Kharif), Fieldpea, Maize
Rice

Groundnut(Rabi), Wheat,
Mung

Jharsuguda Sesamum, Wheat Groundnut(Rabi-
Summer),Cowpea,
Maize.

III. Mid central Cuttack Potato, Mung, Maize, Sunflower,
 table land Groundnut(Rabi), Rice, Cowpea

Mustard(T)

Dhenkanal Groundnut(Rabi), Potato, Sunflower, Mustard, Wheat
Arhar, Rice
Groundnut(Kharif)

Angul Sesamum, Groundnut (kharif), Maize, Sunflower
Arhar, Potato, Mung,

Table 4(a). Spread and Yield Index of different crops in different districts under East & South Eastern Coastal Plain

Districts

Crop Jagatsssinghpur Kendrapada Puri Khurda Nayagarh
SI YI SI YI SI YI SI YI SI YI

Rice Kharif 112 114 112 85 79 68 111 118 97 116
Rice rabi 14 123 16 67 305 114 71 112 01 84
Wheat 139 21 114 101 89 06 113 08 118 13
Maize 25 03 32 06 - - 73 12 386 48
Mung 25 132 32 142 12 43 73 166 386 137
Cowpea 116 15 166 68 33 08 92 18 116 22
Sesamum 0.3 19 413 09 - 70 06 48 54 51
Mustard (T) 276 61 105 54 55 19 46 22 72 22
Arhar 208 04 09 02 - - 134 12 228 24
Fieldpea 133 75 91 15 32 06 80 15 250 29
Ground nut Kharif - - - - - - 57 - 478 19
Ground nut Rabi 155 193 154 271 127 276 52 60 05 05
Sunflower 155 41 53 37 149 68 22 09 116 56
Potato 133 183 177 364 127 256 42 58 05 05
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Table 4(b). Spread and yield index of different crops in different districts under West Central Table Land

Districts

Crop Bolangir Sonepur Boudh Sambalpur Bargarh Jharsuguda

SI YI SI YI SI YI SI YI SI YI SI YI

Rice Kharif 66 93 141 101 197 97 104 105 62 96 216 108

Rice rabi 79 93 143 106 141 92 91 102 105 101 89 106

Wheat 113 314 64 85 108 64 81 110 64 168 280 136

Maize 132 38 37 04 166 14 105 18 58 18 152 12

Mung 115 130 120 95 110 66 76 65 98 143 62 31

Cowpea 165 256 85 46 398 139 25 20 26 42 27 09

Sesamum 108 53 42 34 54 51 153 147 78 159 168 199

Mustard (T) 61 155 149 92 117 60 190 102 52 141 198 84

Arhar 141 174 168 75 269 86 47 48 38 75 30 12

Fieldpea 80 127 49 31 120 46 116 179 125 286 97 50

Ground nut(K) 66 294 07 15 15 22 14 22 250 - 50 46

Ground nut(R) 67 38 112 31 32 05 31 09 192 176 65 07

Sunflower 159 390 58 47 94 53 55 34 60 67 195 57

Potato 10 07 28 6 107 23 213 108 130 116 176 52

Table 4(c). Spread and yield index of different crops in different districts under Mid Central Table Land

Districts

Crop Cuttack Dhenkanal Angul

SI YI SI YI SI YI

Rice Kharif 111 104 112 98 84 98

Rice rabi 131 62 110 53 71 54

Wheat 132 68 71 36 98 61

Maize 55 17 107 27 133 35

Mung 133 203 78 70 90 90

Cowpea 115 31 - - 173 76

Sesamum 17 89 103 93 170 467

Mustard (T) 89 93 76 52 131 145

Arhar 19 24 96 100 174 214

Fieldpea 85 52 89 49 122 121

Groundnut(Kh) 18 28 94 151 176 271

Groundnut(Rb) 140 166 142 145 30 38

Sunflower 89 27 69 21 137 53

Potato 185 542 49 121 69 174

was 136, 139 and 86 and 877, respectively. However,
the crops like sunflower (390), wheat(314), groundnut

kharif (274) showed highest yield index in Bolangir
district.



Efficient Alternative Cropping Systems

246

In case of Mid Central Table Land zone, district
Cuttack showed highest spread index (185) and yield
index (542) for potato. It was followed by kharif
groundnut in Angul district with spread and yield index
of 176 and 271, respectively.This district also recorded
the highest yield index of 467 with sesamum (SI-170).

Yield gap analysis

The study was made with the crops that were
identified as resource efficient alternate crop(s) for the
zone in question. Data (Table 2) reflected a large gap
in yield between zonal mean and the potential yield of
the various crops. Yield gap was the least in case of
rabi groundnut (3.4 q/ha), sesamum (4.2 q/ha) and
sesamum (5.8 q/ha) in East and South Eastern Coastal
Plain, West Central Table Land and Mid Central Table
Land Zone, respectively. On the other hand the largest
yield gap in respective zone was noticed with kharif
rice (29.8 q/ha), maize (29.5) and maize (31.0 q/ha).

Efficient alternative cropping systems

To reduce the gap, efficient crops(s) and cropping
systems have been suggested and presented in table

4 & 5 for adoption by the farmers under intensive
cropping scheme with adequate irrigation facility.
Different indices highlighting the worth of those
cropping systems have also been presented in table
6.

Agriculture plays a critical role in the economy of
the state as reflected in the share of gross state
domestic product of 21.53% during 2005-06.
Compelling needs to increase the cropping intensity
can be fulfilled mainly from irrigated ecosystems. The
total irrigation potential created so far from all sources
is about 40.81 lakh ha (kharif 27.63 and rabi 13.18
lakh ha). However, out of the cultivated area of 61.80
lakh ha, about 33% is under irrigated condition. This,
along with increased farm mechanization, farm credit
and crop insurance facilities opens up sufficient options
to adopt 3 crop sequences found most remunerative
for different agro-climatic zones.

Package of practices

The package of practices for identified efficient
cropping systems are highlighted in Table 7.

Table 6. Efficiency and sustainability indices of the cropping systems identified

Cropping Systems Land use Water use Productivity Sustainable Sustainable
efficiency efficiency (kg/ha/day) value index yield

(%) (kgha-cm)

East and South Eastern Coastal Plain and  Mid Central Table Land Zone

Rice –Maize –Cowpea 75.34 84.80 58.58 0.79 0.81
Rice-Maize-Greengram 79.45 92.37 58.92 0.83 0.87

West Central Table Land Zone

Rice-G. Nut-Greengram 82.19 85.41 55.51 0.70 0.82
Rice- G. Nut- Sesamum 87.12 82.30 51.77 0.68 0.81

Table 5. Production and economics of efficient cropping systems identified for the agro-climatic zones

Cropping Systems Crop yield (q/ha) REY Cost of Gross Net B:C
(q/ha) cultivation return return

Kharif Rabi Summer (Rs/ha/year) (Rs/ha/year) (Rs/ha/year)

East and South Eastern Coastal Plain and  Mid Central Table Land Zone

Rice –Maize –Cowpea 45.80 44.00 38.30 174.31 53,000 1,22,020 69,020 2.30
Rice-Maize-Greengram 47.00 46.50 12.20 148.29 53,000 1,03,800 50,800 1.96

West Central Table Land Zone

Rice-G. Nut-Greengram 55.00 25.00 9.50 135.71 52,500 95,000 42,500 1.81
Rice- G. Nut- Sesamum 53.70 27.40 8.60 136.99 54,500 95,890 41,390 1.76
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ZONE 12. WESTERN PLAINS AND GHAT REGION
This zone involces 14 districts of Kerala, 5 districts of Karnataka, 4 districts of Maharashtra

and 2 districts of Tamil Nadu. Four centres (two in Kerala and two in Coastal area of
Maharashtra) under AICRP on IFS (both on station and on-farm) are located in this zone. The
technologies and efficient alternative cropping systems for coastal areas with special reference
to following zones of Kerala and Maharashtra are discussed here.

● Zones of Kerala

● Konkan Coastal Zone of Maharashtra

* Contributed by Jacob John, Kuruvilla Varughese and Rani, B., Cropping Systems Research Centre, Kerala Agricultural University
Karamana P.O., Thiruvananthapuram 695 002, Kerala

ZONES OF KERALA*

Kerala State, lying between 80 18’ to 120 48’ N
latitude and 740 25’ to 770 22’ E longitude, is a narrow
strip of land in the western corner of Indian Peninsula
and falls under the agroclimatic zone “Western Plains
and Ghats Region”.  The greatest natural endowment
of this humid-tropic region is the existence of a high
degree of biodiversity. The agricultural settlements of
Kerala, which evolved nearly two thousand years ago,
have depended on this biodiversity as their prime
resource. The inhabitants traditionally used their own
“homesteads” [a small garden surrounding the house]
for a variety of needs such as food, energy, shelter,
medicines, etc. Kerala, one of the agriculturally
important states of southern India, has 3.02 million
hectares (M ha) of gross cropped area and 2.21 M ha
of net cultivated area. A variety of cropping systems
are in practice in the State. Cropping intensity is also
highest (137%) amongst the southern states. The share
of area under food grains to gross cropped area is
12%, indicating a preference for high value crops and
plantations over cereals.

The land use of the state marks unique zonation
from high ranges to the coast, with three distinct
elevation zones known as the lowland, midland, and
highland regions. The lowland region, ranging from
nearly level to gently sloping, is a strip of land running
along the coast bordering the Arabian Sea, and
occupies approximately 10 per cent of the total area.
The lowland region is well known for its backwaters

with extensive rice fields and coconut holdings. The
midland region, with altitudes ranging from 7.5 to 75
meters above mean sea level, is made up primarily of
valleys. The terrain is undulating, with numerous rivers,
small hills, and valleys. A variety of seasonal, annual,
and perennial crops are grown in its mainly lateritic
soil. In the highland region, altitudes range from 75 to
750 meters above mean sea level. This region
constitutes about 43 percent of the state’s landmass
and is covered with forests and drained by small
streams. The soil varies widely in depth and texture.
Plantation crops, including tea, coffee, rubber, and
cardamom, are grown in the highlands.

Kerala has witnessed major changes in its land
use pattern. The most important are the decline of area
devoted to food crops and an increase in the rate of
deforestation. Rice is a main cereal for the people of
Kerala. However, since mid-seventies, area under rice
cultivation is declining.  During the last three and half
decades the rice area in Kerala has shrunk from 8.5
lakh ha to 2.5 lakh ha and the production has decreased
from 13.5 lakh tones to 6.5 lakh tones. The low
economic returns from rice farming sector is a threat
to security of rice farmers and is forcing them to
abandon rice farming and to go for commercial crops
like rubber and banana. Gap in production and
requirement of rice has been widening all the while.
Recent studies indicate that per capita consumption of
rice in Kerala is only 320 g.  Based on this consumption
rate, annual requirement of rice in the State works out
to 40 lakh tonnes, while the internal production available
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for consumption (after giving allowance for seed, feed
and wastage) is only less than 7 lakhs tonnes, resulting
in a deficit of more than 80% (Balachandran, 2008).
Though it may not be possible to attain 100 % self
sufficiency, it is certainly possible to considerably
enhance the area, production and productivity of rice
in Kerala. It is imperative that rice farmers’ are
encouraged to undertake rice cultivation and increase
cropping intensity.

The biggest challenge is to make rice a
remunerative crop-a scenario with multiple benefits.
Crop diversification is a practical means to increase
crop output under different situations and is intended
to give wider choice in the production of a variety of
crops in a given area to expand production related
activities on various crops and to lessen risk. The
common practice of adding more crops to the existing
cropping system is referred as horizontal diversification,
which broadens the base of the system. The
predominant field crop based systems in Kerala include
Rice-fallow (water), Rice-Rice-Fallow, Rice-Rice-
Rice, Rice-Tuber crop (tapioca long duration), Rice-
Rice-Vegetables, Rice-Rice-Sesamum, Banana/
Cassava based system. Perennial crop based systems
include coconut based, arecanut based, coffee based
and rubber based system. Rice, being the main staple
crop and priority of the State, rice-based cropping
systems alone addressed here.

Rice based cropping systems

The major share of rice crop area in Kerala comes
under double-cropped wetland ecosystem.  Two crops
of rice followed by fallow is the most common cropping

system in the laterite midlands of Kerala.  Due to the
peculiar edaphic characters, single crop of rice and
water fallow is common in Kuttanad and Kole lands.
In Kuttanad region, an additional crop of rice is raised
in a limited scale during the first crop season and the
success of cropping depends on the strength of outer
bunds of the fields to withstand the flash food during
monsoon period.  The possibilities of diversified
cropping exist both in lateritic midlands, Onnatukara
tract and other double cropped wet lands. The general
rice based cropping systems practiced in Kerala are
presented in Table 1.

Factors influencing crop diversification

The changes in cropping pattern are the outcome
of the interactive effect of many factors which can be
broadly categorized into the following five groups:

1. Resource related factors including irrigation, rainfall
and soil fertility.

2. Technology related factors covering not only seed,
fertilizer, and water technologies but also those
related to marketing, storage and processing.

3. Household related factors covering food and fodder
requirement for self-sufficiency as well as
investment capacity.

4. Price related factors covering output and input
prices as well as trade policies and other economic
policies that affect these prices either directly or
indirectly.

Table 1. Rice-based cropping systems of Kerala (KAU, 2002)

Situation Kharif Rabi Summer

General Rice Rice Fallow
Rice Rice Vegetables/pulses/oil seeds/green manure

Kuttanad Water fallow Water fallow Rice
Rice Rice Water fallow

Onattukara Rice Rice Oil seed/green manure

Kole/Kaippad Water fallow Rice Water fallow
Water fallow Rice Rice
Water fallow Water fallow Rice

Pokkali Rice Fish/prawn —-

High ranges Rice Rice Fallow
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5. Institutional and infrastructure related factors
covering farm size and tenancy arrangements,
research, extension and marketing systems and
government regulatory policies.

What is most outstanding is the change in the
relative importance of these factors over time. The
economic policies as well as the globalization process
are also exerting strong pressures on the decision of
farmers, essentially through their impact on the relative
prices of inputs and outputs. From a much generalized
perspective, crop pattern changes are getting
increasingly influenced by economic factors.

Production potential and yield gaps

A comparison of the productivity of rice grain
obtained in the research centre and in Kerala is depicted
in Table 2.

Hence, a difference of nearly 3000 kg/ha is no-
ticed between farmers’ field and that obtained in the
research centre during Kharif. The gap is reduced
during Rabi. The yield gap between research centre
and farmers’ field in term of rice equivalent yield is
furnished in Table 3.

Table 2. Comparison of productivity of rice in research centre with that of the Kerala State

Productivity (kg/ha/season) 2003-04 2004-05 2005-06 2006-07 2007-08 Mean

Research Centre

Kharif (100 % NPK) 4505 5366 5700 6331 6032 5586

Rabi (100 % NPK) 4161 3603 3303 3262 5008 3867

Kerala

Kharif 1946 2271 2163 2281 2168 2166

Rabi 2237 2515 2299 2413 2370 2367

Yearly average 1983 2301 2398 2435 2308 2285

Source: CRSC (2004, 2005, 2006, 2007 & 2008); Farm Information Bureau (2008); State Planning Board (2009; Directorate of Rice
Development (2007).

Table 3. Yield gap (in terms of Rice equivalent yield) between research centre and farmers’ field in different rice-based
cropping systems

System Rice Equivalent Yield (t/ha/year)

Farmers’ Field Research Centre Yield Gap
(within past 5 years) (Improved-Farmer)

Rice-Rice-Daincha 9.33 10.40 1.07

Rice-Tapioca (six months duration)-Daincha 5.33 11.58 6.25

Rice-Rice-Vegetable cowpea 9.33 15.00 5.67

Rice-Rice-Bhindi 8.53 15.00 6.47

Rice-Rice-Cucumber 9.53 16.75 7.22

Rice-Rice-Amaranthus 24.53 42.80 18.27

Rice-Rice-Sweet potato 13.46 24.35 10.89

Source: CSRC (2008); Farm Information Bureau (2008)
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A wide gap in yield is prevalent between research
centre and farmers’ field. The gap is more in certain
systems like rice-rice-amaranthus and rice-rice-sweet
potato, which have been identified as promising based
on studies conducted in the Cropping Systems
Research Centre, Karamana. The gap in yield is mainly
due to non-adoption of the package of practices
recommended for each crop component in the system
by the farmers. Use of local/traditional varieties, poor
quality seeds, improper spacing and planting depth,
reluctance to apply lime to correct acidity, non-
application of full dose of manures and fertilizers, poor
weed control and lack of timely plant protection
measures are some of the reasons for the yield gap.

Efficient alternative cropping systems

A five year study conducted at CSRC, Karamana
(1989) conclusively confirmed that a third crop of
vegetable crop of bhindi (okra), groundnut, green gram
is profitable than keeping the field as fallow (Table 4).
The maximum profit was obtained from rice-rice-bhindi
cropping sequence.  The sesamum crop recorded lesser
profit than fallow and caused a slight reduction in yield
of subsequently raised rice, compared to other systems
tried.  The cropping system involving rice and sesamum
is widely practiced in Onnatukara tract.

Investigations carried out at Rice Research Station,
Kayamkulam to identify the most suitable rice-based
cropping system for Onattukara tract proved that rice-
rice groundnut was the most efficient cropping system
followed by rice-rice-bhindi in terms of productive

efficiency, benefit-cost ratio and soil sustainability
(Shalini, 1998).

A recently concluded study at Karamana (2005-
06) with different types of cowpea revealed that rice-
rice-cowpea (grain or vegetable purpose) system were
found to be better with gross returns ranging from
Rs.74,273 to Rs.76,125 ha-1year-1.  Inclusion of
summer legumes had beneficial effect on the system
yield as a whole.  The potential benefit of crop
diversification was very much evident as fallowing
during third crop season resulted in least returns and
energy out put (Table 5).

In a study of rice-based diversified cropping sys-
tem, the highest production was obtained with rice-
banana followed by rice-rice-bhindi (Table 6). The di-
versified cropping of rice-banana requires heavy in-

Table 4. Economics of rice based cropping systems
(CSRC, 1989)

Treatment Cost of cultivation Total Profit
of 3 seasons returns (Rs./ha)

(Rs./ha) (Rs./ha)

Rice-Rice-Green manure 11,140 27,400 16,260

Rice-Rice-Green gram 12,295 24,789 12,494

Rice-Rice-Groundnut 15,305 31,558 16,253

Rice-Rice-Sesamum 13,490 23,481 9,991

Rice-Rice-Fallow 10,400 23,649 13,249

Rice-Rice-Bhindi 19,135 38,886 19,721

Table 5. Effect of summer crops on the productivity of rice crops and returns (PDCSR, 2006)

Treatments Economic Yield (kg/ha) Total gross
returns (Rs/ha)

1st crop 2nd crop 3rd crop 1st  crop 2nd crop 3rd crop

Rice Rice Fallow 4146 3747 - 46564

Rice Rice Cowpea (green manure) 4358 3933 - 48917

Rice Rice Cowpea(grain) 4518 3959 1213 74273

Rice Rice Cowpea(Vegetable) 4465 3747 3460 76125

Rice Rice Cowpea(fodder) 4199 3641 - 46252

Rice Rice Sunhemp(green manure) 4730 4902 - 52053
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vestment.  It is suitable for areas in which rice pro-
ductivity has declined and become non-remunerative
due to excess weeds, pests and diseases.  The banana
crop included in the rotation will break the weed and
pest cycles. Provision for irrigation and drainage is also
a pre-requisite for such type of successful crop diver-
sification.  Such areas may be re-used for rice crop
after one cycle (two years) of banana cropping
(Varughese, 2006).

Studies evidently proved the suitability and
sustainability of an alternate cropping system with rice-
rice-cassava in southern Kerala with emphasis on
integrated nutrient management in place of a
traditionally followed cropping system of rice-rice
fallow/rice-black gram which in recent years, is

becoming unattractive to the farmers due to low benefit-
cost ratio and poor energy use efficiency. Judicious
combination of biofertilizers with inorganic nutrients
enhanced the cassava yield without affecting the
subsequent rice yield (Babu, 2006).

An experiment was initiated during 2006 at the
Cropping Systems Research Centre, Karamana to
assess the performance of different crops in rice-based
cropping system. During summer, the different crops
raised gave good yield (Table 7). The rice-rice-
amaranthus system resulted in maximum system rice
equivalent yield, followed by rice-rice-sweet potato.
The rice yield achieved was much more than that at
farmers’ field.

Table 6.   Effect of cropping systems on the yield of rice productivity (rice equivalent) and economics for two year period
(Varughese, 2006)

Treatments Rice yield (q/ha) Mean yield of Rice Equivalent Net income
summer crop Yield (Rs/ha/yr)

First crop season Second crop season (q/ha ) (q/ha/year)

Rice-rice-fallow 45.07 35.86 - 80.93 12167

Rice-rice-green 47.59 37.42 145.83 95.43 20801
manure(daincha)

Rice-rice-bhindi 46.28 39.50 133.79 143.48 32434

* Rice-banana 46.40 - 240.14 286.05 77108

* Rice only in the first year

Table 7. Equivalent yield of different cropping sequences

Treatment Rice Equivalent Yield (kg/ha/year)

Kharif Rabi Summer Total

Rice(R)-R-Fallow 4246.5 4020.0 0.00 8266.5

R-R-Sweet potato 6663.8 4860.0 14907.4 26431.2

R-R-Pumpkin 5749.1 4830.0 8507.0 19086.1

R-R-Sesamum 5389.8 4500.0 467.3 10357.1

R-R-Amaranthus 4442.5 5100.0 33388.0 42930.5

R-R-Cowpea (Vegetable) 4703.8 5670.0 4152.5 14526.4

R-Coleus-Daincha 5128.5 3607.7 1003.1 9739.3

R-Cassava-Daincha 5716.5 4983.7 1012.4 11712.6

Source: CSRC (2008)
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Based on the studies undertaken on cropping
systems, rice-rice-bhindi, rice-rice-amaranthus and
rice-rice-sweet potato are profitable alternative
cropping systems that can be recommended to the
farmers of the region.

Package of Practices

The package of practices for efficient crops
involved in efficient systems are discussed here.

Rice

Rice can be grown as transplanted crop during
first and second crop season.

Variety: Kharif: Aiwariya (Medium duration) Rabi:
Kanchana (Short duration)

Seed rate: 60-85 kg/ha

Nursery: For transplanting, healthy seedlings have to
be raised in seed bed. Adopt wet or dry method for
raising seedlings. The choice depends primarily on the
availability of water.

Wet method: Seedlings raised by the wet bed method
can be harvested one week earlier. Plough and harrow
the fields two or three times until the soil is thoroughly
puddled and levelled. Prepare raised beds 5 to 10 cm
high 1 to 1.5 m wide and of convenient length with
drainage channels between the beds. The total seedbed
area should be 1000 m2 for each hectare of the field to
be transplanted. Apply compost or cattle manure @ 1
kg per m2 of the nursery bed and mix well with the soil
at the time of preparation of the field. Drain and
incubate in warm moist place for sprouting. Never allow
the seeds to dry up. Moisten them occasionally. Sow
germinated seeds on the third day. Irrigation may be
commenced on the 5th day after sowing and continued
up to the 7th, to a depth of about 5 cm. After this
period, irrigate the seedbed continuously to a depth of
about 5 cm in order to control weeds. Drain
occasionally to encourage production of vigorous
seedlings with short roots. Flooding the soil with too
much water for long periods produces tall and weak
seedlings, which do not readily recover during
transplanting. If symptoms of nitrogen deficiency are

observed, broadcast urea at the rate of 1 kg for 100
m2 as top dressing about 10 days prior to pulling out of
seedlings, depending upon the duration of variety.

Dry method: This method is practised in areas where
sufficient water is not available and the time of planting
is uncertain. Plough the nursery area to a fine tilth.
Prepare raised beds of 1 to 1.5 m width, 15 cm in
height and of convenient length. Apply compost or cattle
manure at the rate of 1 kg/m2 of the nursery bed and
mix well with the soil at the time of preparation of the
field. Sow the seeds evenly over the bed and cover
with fine sand / soil. Water the nursery as and when
required depending upon the receipt of rains.

Age of seedlings: Seedlings are ready to be pulled
out when they attain the stage of 4-5 leaves, about 18
days after sowing in the case of short duration varieties
and 20-25 days after sowing in the case of medium
duration varieties. Irrigate seedbeds a day before pulling
out the seedlings to soften the soil and to facilitate
washing of roots.

Preparation of land: Plough the field thoroughly to
incorporate the weeds and straw into the soil. Ensure
a smooth, level field for transplanting the seedlings. It
would be better to transplant 10-15 days after
incorporating organic manure. Before transplanting or
sowing, apply manures and fertilizers at the rates
recommended.

Transplanting: Transplant seedlings of appropriate
age for the variety @ 2-3 seedling per hill in rows, at
spacing 20 x 15 cm for medium duration variety grown
during Kharif and 15 cm x 10 cm for short duration
variety grown during Kharif. Leave wider row of 30
cm after every 3 m to facilitate spraying and other
cultural operations. Transplant seedlings at a depth of
3-4 cm

Manuring: Apply organic manure in the form of
farmyard manure or compost or green leaf @ of 5 t/
ha and incorporate into the soil while ploughing. The
entire quantity of phosphatic fertilizers may be applied
along with the organic manures. The rates of N, P

2
O

5

and K
2
O is 90:45:45 kg/ha during Kharif and 70:35:35

kg/ha during Rabi.
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Supply half dose of nitrogen, full dose of P and
half dose of K at basal while half dose of N and K 5-
7 days before panicle initiation stage during Kharif.
But, in rabi since, application of 2/3 N with full dose
of P and half dose of K as basal while 1/3 N along
with half dose of K 5-7 days before panicle initiation.

Liming: In general, addition of lime is absolutely
necessary when the pH is lower than 5.5 and it is
advisable when pH varies between 5.5 and 6.5. For
transplanted crop, apply lime @ 600 kg/ha in two split
doses, 350 kg/ha as basal dressing and 250 kg/ha as
top dressing about one month after transplanting. A
time lag of one week should be given between
application of lime and fertilizers. For top dressing, lime
may be applied one week prior to the application of
fertilizers.

Water management: Maintain water level at about
1.5 cm during transplanting. Thereafter increase it
gradually to about 5 cm until maximum tillering stage.
Drain water 13 days before harvest.

Weed management: Keep the rice fields free from
weeds up to 45 days either by hand weeding or by use
of herbicides.Apply any of the following herbicides at
0-6 days after transplanting.Thiobencarb @ 1 kg ai/
ha, pendimethalin @ 1.5 kg ai/ha, butachlor @1.25 kg
ai/ha, anilofos @ 0.4 kg ai/ha. Where broad-leaved
weeds and sedges are predominant, apply 2,4-D @
1.0 kg ai/ha at 25 days after transplanting.

Management of Pests

Rice stem borer (Scirpophaga incertulas)

1. Collect egg masses from the nursery plants and
observe for parasitisation.

2. Cultivate tolerant varieties like IR-20 in endemic
areas.

3. In areas where stem borer occurs as a serious
pest in all seasons, apply any one of the following
insecticides first 15-20 days after transplantation
and then at the boot leaf stage keeping minimum
water level: Fenthion, quinalphos (spray or
granules), fenitrothion, monocrotophos, carbofuran
(granule), carbaryl.

Gall midge (Orseolia oryzae)

1. Use tolerant varieties like Pavithra, Panchami and
Uma

2. Avoid late transplantation during the first crop
season.

3. Careful monitoring of the crop seasons in the month
of July during additional crop season and October
during puncha season.

4. Use optimum seed rate of 100 kg/ha

5. Destruction of collateral host like wild rice
Cynodon dactylon, Ischaemum aristatum,
Echinochloa spp. and Isachne sp.

6. Dipping germinated seed in 0.2% chlorpyrifos
solution for 3 hours before sowing give protection
up to 30 days.

7. In transplanted crop the root of seedlings may be
dipped in 0.02% chlorpyrifos suspension for 12
hours prior to planting.

8. The nursery treatment has to be followed by main
field treatment, 10-15 days after transplantation
using anyone of the following insecticides:
quinalphos, phorate, carbaryl, carbofuran.

In areas where the pest is of regular occurrence,
apply granules of phorate 10G (1.5 kg ai/ha),
carbofuran 3G (0.5 kg ai/ha), quinalphos (1.5 kg ai/ha)
or chlorpyrifos 10G (0.5 kg ai/ha) within 10 days after
sowing. The granules should be broadcast in 2-3 cm
of water and the field should be impounded for at least
4 days.

Rice bug (Leptocorisa acuta)

1. Strict vigilance is necessary at milky stage.

2. Keep the field and bunds free of weeds and
grasses.

3. Avoid overlapping cultivation in an Ela.

4. When the bug is seen in large numbers apply one
of the following insecticides: Malathion, carbaryl,
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formothion, methyl parathion. Since the occurrence
of the bug coincides with the flowering stage,
application of the insecticide may be done either
before 9 a.m. or after 3 p.m. so that fertilization of
the flowers is not adversely affected.

Leaf folder (Cnaphalocrocis medinalis)

1. Open up the leaf folds with the help of a thorny
twig.

2. Apply one of the following insecticides in the field
where the symptoms of attack are manifested:
quinalphos, carbaryl, monocrotophos, methyl
parathion, fenitrothion, fenthion, phosalone,
phenthoate (EC/AF formulations) triazophos or
acephate. In the initial stages restrict spraying to
infested patches only. The field may be sprayed
completely in case the infestation occurs uniformly.

Brown plant hopper (Nilaparvata lugens)

1. Use resistant varieties such as Jyothi, Bharathi,
Aiswarya, Kanakom, Nila etc. for cultivation.

2. Apply one of the following insecticides as soon as
the yellowing symptom is observed, covering the
infested patches and the areas surrounding the
patches: Carbaryl, quinalphos, fenthion, carbofuran,
monocrotophos, phosalone and imidacloprid. While
spraying and dusting, care has to be taken to see
that the insecticides reach the base of the plants.

3. Drain away water from the field and keep it in
that conditions until the pest population dwindle.

Rice case worm (Nymphula depunctalis)

1. Drain away the water from the fields.

2. If infestation is severe, apply carbaryl dust or spray.

Rice swarming caterpillar (Spodoptera mauritia):
Apply carbaryl, endosulfan, trichlorphon, fenthion or
methyl parathion as soon as the caterpillars are noticed.

Rice hispa (Dicladispa armigera: Spray any contact
insecticide.

Rice thrips (Stenchaetothrips biformis):  In severe
infestations, apply carbaryl 50% WP 1.25 kg ai/ha +
DDVP 100% EC/AF 250 ml/ha or dimethoate or
quinalphos or phenthoate (EC/AF formulation).

Whorl maggots (Hydrellia philippina):Apply phorate
10G @ 1.5 kg ai/ha, if infestation is severe.

Rice root nematode (Hirschmanniella oryzae): Treat
the nursery with carbofuran @ 0.75 kg ai/ha and dip
the roots of seedlings in 0.2% dimethoate for six hours
before transplanting in tracts were nematode attack is
detected.

Rice cyst nematode (Heterodera oryzicola): Soak
paddy seeds in 0.02% solution of carbofuran for six
hours. Wherever possible, dip paddy seedlings in 0.02%
solution of carbofuran for six hours before planting.

Management of Diseases: The different option for
control of rice diseases is summarized in Table 8.

● Spray fresh cowdung extract for the control of
bacterial blight. Dissolve 20 g cowdung in one litre
of water; allow to settle and sieve. Use supernatant
liquid.

● Application of bleaching powder @ 5 kg/ha in the
irrigation water is recommended for checking the
spread of bacterial leaf blight particularly in the
kresek stage.

● Apply 50% more potash than normal recommended
dosage in split application.

● For control of sheath rot, spray the fungicides at
the time of panicle emergence.

● Application of carbofuran granules @ 1 kg ai/ha
on the 25th day after planting is advised to control
sheath blight and sheath rot and to keep down the
population of rice nematode.

Amaranthus (Amaranthus spp.)

Amaranth is the most popular leafy vegetable of
Kerala. It can be grown throughout the year. Avoid
sowing or planting of red leaved varieties during periods
of heavy rain.
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Variety: Arun

Land preparation: Prepare the land by ploughing or
digging followed by leveling. Then shallow trenches of
width 30-35 cm are made 30 cm apart. Well rotten
FYM is mixed with soil in the trenches. Transplant 20-
30 day old seedlings in the shallow trenches at a
distance of 20 cm in two rows. During rainy season
planting shall be done on raised beds.

Manuring: Apply 50 tonnes of FYM per ha as basal
dose before planting. After preparing trenches, apply
N:P

2
O

5
:K

2
O @ 50:50:50 kg/ha. Another 50 kg of N

can be applied at regular intervals as topdressing.
Spraying 1% urea immediately after each harvest will
increase the yield.

Plant protection: As far as possible, avoid use of
insecticides or fungicides. In severe cases of leaf
webber attack, spray malathion 0.1% or dust malathion
10% DP.

Sweet Potato (Ipomoea batatas)

Sweet potato requires a warm humid tropical
climate with a mean temperature of about 22 ºC.
Though sensitive to frost, it can also be grown in the
hills up to an altitude of 1500-1800 m as a summer
crop. Under rainfed conditions the crop requires a fairly
well distributed annual rainfall of 75-150 cm. Being a
photosensitive crop, sunny days and cool nights are
favourable for better tuber development. The crop can
be grown on a variety of soils having good drainage,
but grows best in fertile sandy loam soils. Heavy clayey
and very light sandy soils are not suitable for proper
tuber development.

Variety: Kanjanghad

Land Preparation: Work the soil to a fine tilth by
ploughing or digging to a depth of 15-25 cm. Make
ridges 25-35 cm high, 60 cm apart for planting vines.

Table 8. Guide for control of disease in rice

Foliar Sprays

A. Non systemic

1. Zineb 2 kg/ha Control blast, brown leaf spot, narrow leaf spot and sheath blight
2. Mancozeb 2 kg/ha Can be used against leaf spot diseases but more generally used against

brown leaf spot
3. Ediphenphos 500 ml/ha Control sheath rot, sheath blight, blast and brown leaf spot
4. Thiophonate 500 g/ha Control sheath blight and blast

B. Systemic

1. Kitazin 500 ml/ha Against blast
2. Carbendazim 500 g/ha Control sheath blight and sheath rot
3. Carboxin 500 g/ha Control sheath blight and sheath rot
4. Benomyl 500 g/ha Against sheath blight
5. Hexaconazole 5EC 800-1000 ml/ha Against sheath blight
6. Propeconazole 25EC 0.5 to 0.75 ml/l Against sheath blight

C. Antibiotics

1. Aureofungin sol 60 g/ha Control blast and brown leaf spot.
2. Streptocycline 15 g / 300 l/ha Against bacterial blight
3. Agrimycin 100-750 g /500 l/ha Against bacterial blight
4. Paushamycin 750 g / 500 l/ha Against bacterial blight
5. Plantomycin 750 g / 500 l/ha Against bacterial blight
6. Validamycin 3% liquid 1000 ml / 500 l/ha Against sheath blight.

D. Biocontrol: Apply fluorescent pseudomonas for the control of fungal and bacterial diseases (Ad hoc recommendation; See chapter on
biocontrol agents)
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Seeds and sowing: Sweet potato is propagated by
means of vine cuttings. To obtain vine cutting, raise
nurseries from selected tubers using the following
method. Eighty kg of medium sized weevil free tubers
(each of 125-150 g) are required for planting in the
primary nursery area (100 m2 to plant one hectare).

Plant the tubers at a spacing of 30-45 cm on ridges
formed at 60 cm apart and replant in secondary nursery
of about 500 m2 area at a spacing of 25 cm. Apply
urea 15 days after planting at 1.5 kg / 100 m2 in the
primary nursery. To ensure better plant growth in the
secondary nursery, 5 kg of urea has to be applied in
two split doses on 15th and 30th day after planting.
Vines obtained from the freshly harvested crop are
also planted in similar nursery area to obtain sufficient
planting material. Cuttings obtained from the apical and
near apical portions of the vines are preferable for
planting in the main field. Storing of cut sweet potato
vines with intact leaves, in bundles covered with banana
leaves (dipped in water) and kept under shade for two
days prior to planting is recommended. Irrigate the
nursery every alternate day during the first 10 days
and once in 10 days, thereafter. Vines will be ready
for planting on the 45th day.

In the main field, plant vine cutting of 20-25 cm
length on ridges 60 cm apart and at a spacing of 15-20
cm between the vines. The cuttings can also be planted
on mounds taken at a spacing of 75 x 75 cm. On the
top of each mound, 3-6 cuttings can be planted. Plant
the vine cuttings with the middle portion buried deep in
the soil and the two cut ends exposed to the surface.
Ensure sufficient moisture in the soil for early
establishment of the cutting. Provide adequate drainage
and prevent water logging.

Manuring: Apply cattle manure or compost at 10 t/ha
at the time of preparation of ridges. The recommended
N:P

2
O

5
:K

2
O dosage for sweet potato is 75:50:75 kg/

ha. For the reclaimed alluvial soils of Kuttanad, the
recommendation is 50:25:50 kg/ha. Apply N in two equal
split doses, the first at the time of planting and the
second 4-5 weeks after planting. Apply full dose of
P

2
O

5
 and K

2
O at the planting time.

Irrigation: When grown as irrigated crop, provide
irrigation once in 2 days for a period of 10 days after

planting and thereafter once in 7-10 days. Stop irrigation
3 weeks before harvest. But one more irrigation may
be given 2 days before harvest. IW / CPE for higher
tuber yield in non-rainy periods is 1:2 (approximate
interval of 11 days). The application of N and K

2
O at

the rate of 50 kg/ha is recommended for the crop grown
under irrigation.

After cultivation: Conduct two weeding and earthing
up operations about 2 weeks and 5 weeks after planting.
The top dressing of fertilizers may be done along with
the second aftercultivation. Prevent development of
small slender tubers at the nodes by turning the vines
occasionally during active growth phase.

Plant protection

● Dip the vines in 0.05% fenthion or fenitrothion or
monocrotophos suspension for 5 to 10 minutes prior
to planting. This is to control the sweet potato
weevil.

● Spray the crop, one month after planting and
subsequently three more times at tri-weekly
intervals with any of the insecticides mentioned
above to control field infestation by the sweet
potato weevil.

Integrated control of sweet potato weevil

● Remove and destroy the crop residues of the
previous crop.

● Use healthy and weevil-free planting materials.

● Apply Eupatorium odoratum leaves as mulch @
3 t/ha at 30 DAP.

● Drench with 0.05% endosulfan, fenthion or
fenitrothion at 65 DAP and earthing up at 80 DAP.

● Trap adult weevils using sweet potato pieces (of
about 6 cm diameter) of 100 g size, kept at 5 m
apart during 50 to 80 DAP at 10 days interval.
Tubers may be cut and kept inside wire cages to
avoid rat damage.

● Use pheromone traps (3Z Dodecenyl 2E
butenoate).
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Harvesting: The crop can be harvested in about 3.5-
4 months after planting. Harvest the crop when leaves
begin to turn yellow and the tubers mature. The maturity
of tuber can be ascertained by cutting fresh tubers.
The cut surface will dry clear if the tuber is mature
and becomes dark green if immature. Harvest the crop
by digging out the tubers without causing injury.

Okra (Abelmoschus esculentus)

Variety: Varsha Upahar

Seed rate: The seed rate is 8.5 kg/ha for the summer
crop sown in February-March and 7 kg/ha for kharif
crop.

Planting: For kharif crop, sow the seeds at a spacing
of 60 cm between rows and 45 cm between plants.
For the summer crop, soak the seeds in water for 24
hours before sowing and give a spacing of 60 x 30 cm.

Manuring: Apply FYM or compost as basal dose @
12 t/ha. At the time of sowing, apply N, P

2
O

5
, and

K
2
O @ 25, 8 and 25 kg/ha. Another 25 kg N per ha

may be applied one month after sowing. For reclaimed
soils of Kuttanad, a fertilizer dose of N:P

2
O

5
:K

2
O

75:5:15 kg/ha is recommended.

After cultivation: Give pre-sowing irrigation and
irrigate at intervals of 2 to 3 days. Conduct weeding
regularly and earth up rows during rainy season.

Plant protection: The important pests are jassids, fruit
and shoot borer and root knot nematode.

Against jassids, use quinalphos, fenthion or
fenitrothion as foliar sprays each at 0.05%. For
controlling fruit and shoot borers, remove all drooping
shoots and damaged fruits. Spray carbaryl 0.15% at
intervals of 15 to 20 days. For controlling aphids, apply
dimethoate 0.05%.

For the control of nematodes, apply sawdust or
paddy husk at 500 g/plant or neem leaves or
Eupatorium leaves at 250 g/plant in basins one week
prior to planting and water daily. The effect of this
treatment persists up to 75 days after sowing in summer
season

Application of Bacillus macerans or B. circulans
(1.2 x 106 cells per pit) before sowing is recommended
for the control of root knot nematode (ad hoc
recommendation).

For the control of pests, application of carbofuran
granules at the rate of 0.5 kg ai / ha or phorate at the
rate of 1 kg ai / ha at seeding followed by need-based
application of foliar insecticides has been
recommended. The application of granules is
recommended only at the time of seeding. In general,
insecticides of plant origin may be used, as far as
possible.

Yellow vein mosaic a common disease in okra,
which shows vein clearing and vein chlorosis of leaves.
White fly (Bemisia tabaci) and leaf hopper (Amrasca
biguttula biguttula) are vectors of this virus. Hence,
their control is very important. Use of resistant varieties
like Varsha Upahar, and destruction of host weeds
(Croton sparsiflora and Ageratum sp.) are also
effective.

Contingency planning

Vagaries of monsoon necessitate contingent
planning in Kerala.  The deviation of the rainfall from
normal during the past few years is abridged in Table
9.

Table 9. Percentage departure of rainfall from normal
(2002 to 2008) in Kerala

Year Annual South West North East
Monsoon Monsoon

2002 -14 -33 32

2003 -14 -24 5

2004 -3 -19 12

2005 0 -2 2

2006 -2 -7 22

2007 20 27 -5

2008 -20 -22 -11

Source: Kerala State Planning Board (2009)

During the year 2008, the south west monsoon
arrived over Kerala on May 31,2008, one day ahead
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of the normal date. In Kerala, the rainfall was 2103.1
mm in 2008, against the normal of 2630.6 mm. The
highest departure from the normal in the last two de-
cades was recorded during the Southwest Monsoon
of 2002. The deviation in rainfall affects production
and productivity of annual crops. The contingent plans
suggested for different scenarios of deviation in nor-
mal rainfall are presented in Table 10.

● Rice-Rice-fallow is the most common cropping
pattern in wetland ecosystems of Kerala. Under

irrigated conditions Rice-Rice-Rice pattern is
followed. Since, bimodal rainfall pattern is prevalent
in most parts of the State, adequate water
availability is assured up to the panicle initiation
stage of second crop of rice.

● Depending on the availability of water a number
of vegetables, oilseeds, green manures (utilizing
residual moisture) etc is recommended as the third
crop in summer rice fallows.

Table 10. Contingency plans for differnt scenarios

Scenario Broad strategy

Normal monsoon The normal rainfall of Kerala State is 3200 mm. It varies from 2200 mm in Trivandrum to 4000 mm in
Malappuram District.
The timing of field preparation depends on the onset of pre monsoon showers.
Dry sowing of first crop of rice is carried out with the onset of pre-monsoon i.e. mid May, so that from June
onwards sufficient rainfall is received for crop growth with stray incidence of flash floods for a brief period.
Transplanted crop of rice is planted after the onset of monsoon during the first or second week of June and
the planting continues upto the last week of June.
Under normal rainfall: Medium/Semi-medium duration varieties of rice are recommended

Delayed onset If there is a delay of 1-2 weeks, the same rice nursery (as in above case) is used with closer spacing in main
field with slightly higher dose of fertilizers.
If delay is greater than 2 weeks the short duration rice varieties viz., Hraswa & similar cultivars are taken as
contingency crop.
Contingent crop: Short duration varieties of rice.

Break monsoon This occurs only only for a very short span of time. Protecting the crop by adopting phasic stress irrigation
in the critical growth stages is recommended.

Early withdrawal Flowering of the second crop of rice will be over by September and upto this period rainfall is usually assured
from the North-East monsoon. Early withdrawal sometimes leads to reduction in yield due to moisture stress.
Even after early withdrawal of North-east monsoon cyclonic rainfall is prevalent and hence the crop growth
is not affected by moisture stress.
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KONKAN COASTAL ZONE OF
MAHARASHTRA*

Rice is the important cereal crop in Maharashtra
next to Sorghum. It is grown on an area about 15.35
lakh hectares under different ecosystems in 23 districts
in the state (Anonymous, 2009).   Rice is mostly grown
as mono crop in all the regions viz. Konkan, western
Maharashtra, Marathwada and Vidarbha.  As
irrigation facilities have been increasing,  alternative
profitable rice based cropping systems with high value
crops have become felt need of the rice growing
farmers who earn very poor returns especially due to
unavoidable rice crop required to be grown under high
rainfall conditions of monsoon season and field to field
uncontrolled irrigation during Rabi-hot weather season.
The rice-rice cropping system is being followed on an
area of 30,000 hectares mainly in Konkan and eastern
Vidarbha regions of the state.

Konkan region is a narrow strip of land lying
between Arabian sea on western side and Sahyadri
hills on eastern side.  The region has hilly terrain and
receives rainfall ranging between 2500 to 4000 mm in
about 95 to 110 rainy days mainly during south-west
monsoon season from June to September besides

feeble showers of 150-200 mm during post-monsoon
season from October to November (Anonymous,
1981).  In general, climate is equable with relatively
less difference in maximum and minimum temperatures.
During Kharif season (south-west monsoon), climate
is hot-humid while during winter season it is warmer.
The soils of south Konkan are lateritic while those of
north Konkan are medium black. The total
geographical area of Konkan region is 29.79 lakh
hectares out of which 8.18 lakh hectares is under
cultivation.  Agriculture in the Konkan region is
characterized by extremely small size and scattered
land holdings.  The average operational size of land
holding in this region is only 1.82 hectares.  Rice is the
major Kharif cereal crop of Konkan occupying an
area of 4.14 lakh hectares with productivity of 24.6 q/
ha. (Anonymous 2008b).  Pulses viz., Lablab
purpureus (Wal), Vigna unguiculata (Cowpea) and
Dolichus biflorus (Kulthi) and oilseed crops like niger
and sesamum have been traditionally grown under
residual soil moisture conditions after Kharif rice and
under rainfed upland conditions during Kharif,
respectively.   After harvest of Kharif rice, Rabi hot
weather rice under uncontrolled field to field canal
irrigation system and aerable crops viz., vegetables and
groundnut are also cultivated under controlled irrigated
conditions.

*Contributed by L.G. Pawar,  A.P. Chavan, A.S. Dalvi, D.G. Jondhale and N.V. Mhaskar, AICRP on Integrated Farming System,Regional
Agril. Research Station, Karjat-410 201, Dist. Raigad Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli

* * * * *
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The present cropping intensity in Konkan is very
low i.e. 114 per cent only.  But due to availability of
irrigation water as well as rapid urbanization and
industrialization in this region particularly near Mumbai,
Thane, Panvel, Alibag, Mahad, Chiplun, Malvan,
Sawantwadi, Vengula besides nearby big cities
namely Panji, Belgaon, Kolhapur, Pune etc.  there
is a huge demand for agricultural produce. Moreover,
ever increasing tourism and agro-tourism activities due
to long sea coast of 720 km, numerous religious places
and historical monuments, natural beauty of the region
and faster communication due to Konkan Railway
besides network of good roads to the villages have
multiplied this demand in the recent past.

The high rainfall condition of Konkan during south
- west monsoon compel farmers to go for Kharif rice
though it is relatively less profitable. During Rabi-hot
weather season in canal irrigated areas uncontrolled
field to field irrigation system again compels farmers
to go for rice only. Though productivity of Rabi rice is
higher over Kharif rice, there are many alternative
crops which can be grown more profitably wherever
controlled irrigation is possible. Therefore, the
recommendations emerging through on-station and on-
farm field experiments of All India Co- ordinated
Research Project on Cropping Systems (AICRP-CS)
will be of a great help for increasing cropping intensity
and crop diversification by inclusion of high value crops
in rice based cropping system.  This in turn will improve
the economical status and livelihood of the farming
community.

Production potential and yield gaps

Rice is the staple food crop of people in Konkan
region and it is grown mainly during Kharif season as
unavoidable crop.   However, during Rabi season and
Rabi-hot weather season farmers choose their crops
in accordance with availability of irrigation water.
Under controlled irrigation, many of the crops have
been found to be economically beneficial rather than
the existing crops being grown after Kharif rice. The
data related to average yield of various crops in the
two zones at the farmer’s level, potential yield realised
in On-station and ECF trials and yield gap thereof are
presented in Table 1.

Efficient Alternative Cropping Systems

The pooled data regarding total rice equivalent yield
of different cropping systems studied at the main centre
of the AICRP-CS, Regional Agril. Research Station,
Karjat in North Konkan Coastal Zone are presented
in Table 2.

The data presented in Table 5 brought out that
total rice equivalent yield was found to be the highest
where rice-brinjal cropping system was followed
(223.78 q/ha-1) which also recorded highest net returns
of Rs.80,071/ha followed by rice-fodder maize cropping
system which realised total rice equivalent yield of
124.85 q ha-1 and net returns of Rs.44,698 ha-1.
However, the latter treatment recorded marginally
higher B:C ratio of 1.93 as against 1.92 in case of the
former. Thus, these economically viable cropping
systems can prove to be the alternative wherever
controlled irrigation systems are available. Considering
family needs of the farmers, prevailing socio-economic

Table 1 :  Yield gap of different crops in North Konkan
Coastal Zone.

Sr. Crop Potential Av. yield Yield
No. yield of the gap

(q/ha) zone (q/ha) (q/ha)

North Konkan Coastal Zone

1 HYV Rice 37.37 23.63 13.74

2 Hybrid Rice 71.53 57.45a 14.08

3 Brinjal 269.12 92.30 176.82

5 Groundnut 29.29 15.63 13.66

8 Chilli 44.20 33.21 10.99

South Konkan Coastal Zone

1 Rice (R-3 Improved) 39.98 25.72 14.26

2 Rice (Sahyadri-3 Hybrid) 65.55 54.06a 11.49

3 Groundnut 25.76 16.10 9.66

4 Maize 69.65 NA* NA*

5 Wali (Long yard bean) 40.78 28.4 12.38

NA* = Data not available since many of the farmers do not grow
these crops.
a = FLDs on Hybrid Rice, 2007, Rice Specialist, RARS, Karjat,
Dist. Raigad (M.S.)
Source: Anonymous (2005), Anonymous (2007) and Anonymous
(2008b),
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conditions and resources available with farmers, other
prevailing cropping systems viz., rice-rice (HYVs),
rice-rice (Hybrids), rice-cowpea and rice-groundnut
also need to be recommended for North Konkan
Coastal Zone which recorded net returns of Rs.20,595,
Rs.40,587, Rs.570 and Rs.21,522 per hectare with B:C
ratio of  1.30,1.68,1.01 and 1.37  respectively.
Considering stability index also rice-rice (hybrids)
followed by rice-maize were the most suitable cropping
systems for this region.

The data presented in Table 6 indicated that Kharif
rice-Rabi groundnut intercropped with sweet corn (4:1
proportion) recorded highest net returns of Rs 44,642.
ha-1 with B:C ratio of 1.62 followed by Rice-wali

(Vigna sequitidalis) system which realised net returns
of Rs.31,567 ha-1 and B:C ratio of 1.50.  Thus, these
economically beneficial efficient cropping systems are
strongly recommended as alternative cropping systems
to the existing ones.

Since Konkan region in general and South Konkan
in particular  covering Sindhudurg and Ratnagiri
districts are coming up as tourism districts, farm produce
like Marigold, maize (sweet corn), groundnut etc. fetch
premium prices.  So also considering the household
needs of the farmers and socio-economic conditions
in this region, other cropping systems viz. Rice-
marigold, Rice-Maize and Rice-cowpea with net
returns of Rs.27,837/ha, Rs.30,800/ha and Rs.13,125/
ha, respectively are recommended for this zone.

Table 2  :  Mean rice equivalent yield and economics of different cropping systems

Treatments Total equivalent Gross returns Cost of cultivation Net returns B:C Sustainability
yield (q/ha) (Rs./ha) (Rs./ha) (Rs./ha) ratio index

Rice - Groundnut 107.336 79965.32 58443 21522.32 1.37 0.44

Rice - Mustard 69.12 51494.4 41163 10331.4 1.25 0.19

Rice -Sunflower 68.406 50962.47 51130 -167.53 1.00 0.19

Rice -Brinjal 223.78 166716.1 86645 80071.1 1.92 0.42

Rice – Cabbage 107.084 79777.58 88085 -8307.42 0.91 0.31

Rice –Maize 124.852 93014.74 48317 44697.74 1.93 0.51

Rice –Cowpea 68.788 51247.06 50677 570.06 1.01 0.17

Rice –Dolichos bean 95.79 71363.55 87770 -16406.5 0.81 0.31

Rice –Okra 113.486 84547.07 83130 1417.07 1.02 0.35

Rice –Chilli 121.02 90159.90 84310 5849.9 1.07 0.49

Rice- Rice (HYV)* 117.14 87269.30 66674 20595 1.30 0.46

Rice- Rice (Hybrid)** 148.08 100537 59950 40587 1.68 0.57

Table 3: Mean rice equivalent yield and Economics of different cropping  systems

Treatments Total equivalent Gross returns Cost of cultivation Net returns B:C
yield (q/ha) (Rs./ha) (Rs./ha) (Rs./ha) ratio

 Rice-Groundnut 134.78 80870.58 62900 17,970 1.29

 Rice-Maize 156.17 93700.71 62600 30,800 1.49

 Rice-Marigold 157.90 94737.99 66900 27,837 1.42

 Rice-Wali (Long yard bean) 156.95 94167.19 62600 31,567 1.50

 Rice-Cowpea 100.71 60425.83 47300 13,125 1.28

Rice-G’nut+ Sweet corn (4:1) 193.07 115842.00 71200 44,642 1.62
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In these days of water crisis for ever increasing
population and huge quantity of uncontrolled irrigation
water being used in canal irrigated areas for Rabi -
hot weather rice in this region, controlled irrigation
systems and introduction of these new crops in rice
based cropping systems can reduce the huge demand
of water and simultaneously increase returns per unit
area per unit time.

Package of Practices

Rice

Preparatory tillage

❖ Deep ploughings immediately after harvest of
previous crop.

❖ Two crosswise ploughings for incorporating FYM/
compost @ 10 t/ha.

Nursery management

Traditional ‘Rab/Bhajwani’ method : About 87 per
cent farmers of the Konkan region have been reported
to follow traditional method of Rab/Bhajwani
(Anonymous, 1997) in which surface area of nursery
soil is heated by during pre monsoon period burning
dry cow dung cakes, dry tree loppings, dry grass, paddy
straw, leaf litter and alluvial soil rich in organic matter
(Gavar) by arranging them over each other in that
order Thus, this method is costlier besides being eco-
hazardous (Pawar, 2000).

Improved method of raising rice seedlings:

● Area of nursery 1/10th of the area to be
transplanted

● Size of  raised beds-: 1.20 m width  x  8-10 cm
height and length according to land slope.

● Manures-: 3 kg/m2 on surface of beds.

● Line sowing-: 8 to 10 cm apart

● Fertilizer dose for nursery-: 0.5 kg N + 0.5 kg P
2
O

5

+  0.5 kg K
2
O/100 m2 nursery.

● Seed treatment- Soaking seeds in 3 % brine- water
solution to remove light and floating seeds, cleaning
them with fresh water 2 to 3 times, drying in shed
and treating with fungicide thirum @ 2.5 g/kg seed.

● Seed rate-  coarse grained HYV varieties 50 to
60 kg and fine grained HYV varieties 35 to 40 kg,
Hybrid 20 kg/ha.

● Seedling age at transplanting- Conventional: 20-
25 days old seedlings (Kharif) 35-40 days old
seedlings (Rabi) System of Rice Intensification
(SRI) : 12-15 days old seedlings

Transplanting

Conventional- On well puddled and levelled at 20
cm x 15 cm spacing to a depth of 2.5 to 3.5 cm using
2-3 seedlings hill-1.

❖ Deep ploughings immediately after harvest of
previous crop.

❖ Hybrid varieties- Single seedling/hill at 20 cm x
15 cm spacing.

❖ SRI- Single seedling/hill at 25 cm x 25 cm

Fertilizer dose

● HYV varieties: 100 kg N, 50 kg P
2
O

5
 & 50 kg

K
2
O/ha

● Hybrid varieties: 150 kg N, 50 kg P
2
O

5
 & 50 kg

K
2
O/ha

Fertilizer schedule

● At the time of puddling before transplanting: 40%
dose of N + entire dose of P

2
O

5
 and K

2
O

● At maximum tillering stage (30-40 DAT): 40 %
dose of N

● At flowering: 20 % dose of N

For efficient fertilizer use:

a. 50 kg N/ha (110 kg Urea to be applied in 15 cm
deep  Furrow opened behind the plough at the time
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of puddling + 12.5 kg N/ha to be top dressed at
flowering in case of late rice varieties.

b. Urea DAP briquettes (34 % N and 8.6 % P) of
2.7 g each to be placed in paired row planted rice
(15 cm x 15 cm x 25 cm) in alternate narrow
squares (57 kg N & 33 kg P

2
O

5
/ha = 170 kg

briquettes/ha)

Interculturing

● Pre-emergence application of butachlor @1.5 kg/
ha or oxadiargyl@ 0.12 kg/ha + hoeing and
weeding as per need.

or

Hoeing with japanese hoe

● 2 to 3 times depending upon weed incidence.
Hand weeding once at 35-45 DAT

Water Management

● Till establishment of the transplanted crop : 2 -2.5
cm depth of water column

● Establishment to maximum tillering :  2.5-5 cm
depth of water column

● Ten days before & ten days after flowering : 10
cm depth of water column

● Ten days before harvesting : Water should be
drained.

Harvesting

At physiological maturity stage i.e. when 90 %
grains mature

Maize

Soil type

1) Well drained sandy loam to silty loam.

      2) pH ranges from 6.5 to 7.5

Climatic requirements

1)  Warm climate with 300C to 320C

Field preparation

1)  Seedbed should be friable, well aerated, moist
and weed free.

2) First deep ploughing up to 20 to 25 cm

3) 2-3 harrowing or 3-4 crosswise ploughings.

4) Levelling before planting.

Varieties

Composite vatiety- Shakti, Ratan

Hybrid variety- Ganga safed-2, Hi starch,
Deccan-103, Deccan Double hybrid

Sweet corn- Sugar 75, Sumudhur

Fodder maize- African tall

Seed and sowing

1) Use certified hybrid seeds.

2) Germination percentage should be > 95 %

3) Spacing for general grain purpose plantation 60
cm x 20-25 cm

For sweet corn : 60 cm x 20 cm

For fodder purpose : 30 cm x 10 cm

Seed rate- Composit variety : 18 to 20 kg (kg ha-1)

Hybrid : 20 to 25 kg ha-1

Sweet corn : 18 kg ha-1

Fodder maize : 75 to 80 kg ha-1

●●●●● Depth of sowing : 3 cm to 5 cm
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●●●●● Method of planting : Flat bed method or mid point
on the side of ridge,

●●●●● Time of planting :  Kharif- Onset of monsoon

Rabi- 15th Oct. to 15th Nov.

Method of sowing: Maize planter, seed drill, behind
the country plough in furrow.

Manures and fertilizers

Well decomposed FYM @ 10 t/ha to be
incorporated 8 to 10 days before sowing.

Fertilizer dose- HYV varieties: 120 kg N+ 60 kg
P

2
O

5
 + 40 kg K

2
O/ha

Composite varieties : 80 kg N + 30 kg P
2
O

5
 + 0 kg

K
2
O/ha

Sweet corn varieties : 225 kg N + 60 kg P
2
O

5
 + 60 kg

K
2
O/ha

Fodder maize : 120 kg N + 50 kg P
2
O

5
 + 50 kg K

2
O/ha

Methods of fertilizer application : Basal dose by
placement of top dressing broadcasting

Time of fertilizer application :

Basal: 1/3rd N + Full P & K as a basal dose at planting

Top dressing: /3rd N at Knee high stage (30-35 DAS)

Top dressing: /3rd N at tasseling stage

Water Management

Susceptible to both excessive water and moisture
stress.

Critical stages- tasseling to silking

Irrigation interval 10 to 15 days depending upon soil
type and season.

Intercultural operations : Crop should be kept weed
free at the initial growth stage till 30 to 45 days after
planting.

Pre-emergence application of Atrazine or Simazine
immediately after planting @ 1 to 1.25 kg a.i./ha. + 1-
2 hoeings and/or hand weedings as per need.

Harvesting

1. Grain purpose- Husk turns yellow and grains hard,
with 30% moisture in grain

2. Sweet corn- Silk turns brownish.

3. Fodder maize- At the time of 50 % flowering green
fodder should be cut. This stage comes 45 to 50
days after planting.

Yield

Composite vatieties - 45 to 60 q/ha

Hybrid variety - 50 to 60 q/ha

Sweet corn- 65-70 q/ha

Fodder maize- 600 to 700 q/ha

Brinjal  (Solanum melongena)

Soil and Climate

● Requires well drained medium black soil with good
fertility.

● Warm climate is better for crop growth and
development.

Varieties

Vaishali, Manjari Gota, Arca Nilkanth, Krishna,
Kali Ravai, BandhTiware Local

Nursery Management  :

❖ Prepare raised beds of 3 m length x 1 m breadth
with 15 cm   height

❖ Incorporate 5 kg FYM, 35 g urea, 100 g SSP & 25
g MOP +  5 g Phorate  in each bed.

❖ Seed rate : 0.8 to 1.0 kg ha-1

❖ Sow seeds in line 10 cm apart to 2.5 – 3 cm depth.
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❖ Cover with paddy straw and water immediately
with rose water can.

❖ 8-10 ‘Are’ nursery area is sufficient for 1 ha area
of planting.

❖ Seed should be sown from mid Sept. to mid Oct.
for Rabi planting.

Transplanting

Use healthy seedlings 30-35 days age old for
planting.

Dip roots of seedlings in a solution of Dimethoate
(1 ml) +

Acromycin (0.5 g/l of water) for 5 minutes.

Plant one seedling on mid point of the side of ridge.

●●●●● Spacing : 60 cm x 60 cm, 75 cm x 60 cm and 75
cm x 75 cm as per the soil type.

Fertilizer Management

Intercultural operations

Preplant incorporation of fluchlorarlin @ 1.0 kg
ha-1 be done for effective weed control after which 2-
3 need based hand  weedings may be done.

Harvesting

Harvest tender fruits with bright colour every
alternate day and pack  properly before sending to
market.

Yield: 250 to 300 q/ha

Groundnut (Arachis hypogaea):

Soil type :  Loamy and sandy soil, well drained,
medium to high fertile soil.

Climatic requirements :  Short day plant- Diurnal
temperature important, thermosensitive, 220C required
for germination.

Field preparation :  The deep ploughings and discing
twice.  Incorporate 10 tons well  decomposed FYM /
ha-1 before last ploughing and prepare flat beds and
level.

Varieties

Bunch type- S.B.-XI, TAG-24, Phule Pragati,
TG-26.

Semi-spreading- Konkan Gaurav, Trombay
Konkan,  Spreading type- M-13, Karad 4-11

Seed and sowing

●●●●● Use certified seed with good germination

●●●●● Sowing time- 15th Nov. to 15th Dec.

●●●●● Depth of sowing- 4 cm to 5 cm

●●●●● Spacing- Bunch/erect type : 30 cm x 10 cm

Semi-spreading and spreading type: 45 cm x 15
cm

●●●●● Method of sowing- Dibbling

Fertilizer doses

Crop FYM N P
2
O

5
K

2
O

(t/ha) (kg/ha) (kg/ha-1) (kg/ha-1)

Rainfed 15 80 30 50

Irrigated 20 150 50 50

Time of fertilizer application

❖ Incorporate FYM at the time of land preparation.

❖ Apply 1/3rd of N + Full P + Full K before planting.

❖ Remaining N should be top dressed twice @ 1/3rd

dose each at 3 to 5 and 6 to 10 weeks after planting.

Water Management

Irrigate immediately after planting of seedlings and
subsequent irrigations be given at 6-8 days interval
during winter season and at 4-5 days interval during
summer.
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●●●●● Seed rate- 120 kg/ha (Bunch type)

●●●●● Seed treatment- Seed dressing with thirum or
captan @ 3 g/kg seed.

Manures and fertilizers

●●●●● 10 tons well decomposed FYM/ha at land
preparation

●●●●● Basal dose: 25 kg N + 50 Kg P
2
O

5
 + 0 kg K

2
O/ha.

Water Management

❖ Irrigation requirement- 400 mm to 500 mm

❖ Critical stages: Flowering, pegging, pod formation

❖ No. of irrigations: 10 to 12

❖ Irrigation interval: 10-12 days

Intercultural operations

For initial weed control pre-plant incorporation of
0.75 to 1.0 kg Fluchloralin or pendimethalin @ 0.75-
1.0 kg ha-1 Need based  hand weedings 1-2 times.
Use ‘Swastik’ implement for weed control and earthing-
up.

Harvesting

❖ Harvest crop when 60-80 % pods are matured,
when shell surface inside  turns  yellow or grayish.

❖ Use digger or light plough or harrow for harvesting.

❖ Separate pods from haulm and dry them for 4-5
days.

Yield

15-20 q/ha-1

Wali (Vigna sequitidalis)

Wali is most favourite pulse vegetable specially
grown in Konkan region.  This crop requires medium
black well drained soil.  During Kharif it is grown on
well drained soil as dryland crop  But during Rabi it is
grown as irrigated crop in rice field.

Field preparation and Planting: After harvest of
Kharif rice incorporate well decomposed FYM @ 10-
15 t/ha during land preparation.  Prepare flat beds of 3
m x 3 m  for planting.   Dibble 2-3 seeds hill-1 at 60 cm
x 60 cm spacing with 8-10 kg seed rate/ha.

Manures and fertilizers : Basal dose: 30 + 60 + 30
kg N, P

2
O

5
 and K

2
O ha-1

Top dressing: 60 kg N at 60 to 85 DAS by placement
in rings around hills.

Intercultural operations : Thinning should be done
15-20 days after germination of seed.  Keep one
seedlings at each hill.  Two hand weedings be done for
control of weeds at 20 & 40 DAS.  Staking with
bamboo sticks for trailing of vines.

Irrigation :  Regular irrigation at 6 to 8 days interval
as per soil type.

Yield :  Harvest green pods after every 2 to 3 days.

Marigold

Tall type : (Tagetus erecta); Dwarf type: (Tagetus
patula)

This crop can be grown throughout the year.  This
region is heavy rainfall zone so it is grown mainly during
Rabi season after Kharif rice.

Soil & climate

❖ Requires hot & humid climate.

❖ Very high temperatures are harmful for flower
production.

❖ High intensity showers during flowering are
harmful.

❖ Requires well drained medium black soil.

❖ Heavy soils are not suitable.

❖ Ideal pH range :  7 to 7.5

❖ Soil with good fertility and high organic matter
contents are best for growth & development.
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Land preparation

❖ Two cross-wise ploughings.

❖ Clod crushing and levelling.

❖ Incorporate and well decomposed FYM @ 12.5 t/
ha-1 + 25 kg Lindane (10 G).

❖ Prepare flat beds or ridges and furrows.

Varieties

African :  Kankar, Double orange, African Tall
Double Mixed

French :  Lemon drop, French Double Mixed,

French Hybrids :  Petit, Jipsy, Redhead

Popular varieties :  Makhamali Genda, Double
genda.

Nursery Management

❖ Prepare raised beds of 3 m x 1 m with 15 cm
height for seedling preparation.

❖ Before raised bed preparation, incorporate well
decomposed FYM in soil alongwith 50 g Suphala
(19:19:19) per bed.

❖ Sow seeds to 0.5 cm depth in lines 10 cm apart
and cover them with mixture of FYM and ash.

Seedrate

0.75-1.25 kg/ha

❖ Irrigate beds immediately after sowing by rose
water can with frequent irrigations till germination.
After germination irrigate beds by ponding water
in furrows along raised beds.

❖ Thin out dense and big seedlings.

❖ Fertilized healthy seedlings by band placement of
Suphala @ 50 g/bed (3 m2) at 15 DAS.

❖ Transplant seedling of 3-4 weeks age having 5 to
6 leaves.

❖ Transplanting  :

❖ During Rabi season transplanting of marigold as
per details given below depending upon variety.

Variety Spacing (cm)

Tall 60 cm x 45 cm

Medium 45 cm x 30 cm

Dwarf 30 cm x 30 cm

Hybrids 30 cm x 30 cm (ECF)

Note: Use one healthy seedling at each place.

Fertilizer management

● Straight varieties : Basal- 25 kg N + 25 kg P
2
O

5

+ 25 kg K
2
O/ha

● Top Dressing : Remaining N in 3-4 equal splits
be placed in rings around each  plant.

● Hybrids :    Basal - 50 + 75 + 50 kg N, P
2
O

5
 and

K
2
O ha-1 (ECF)

● Top Dressing : Remaining N in 3-4 equal splits
be placed in rings around each  plant.

● Irrigations : Rabi (winter) : At 12-15 days
interval,

Summer : 5-7 days interval

● Critical stages for irrigations : Flowering to
picking when water stress should be avoided.

Intercultural Operations

● Topping :  To be done at 4 weeks after
transplanting.

●  Weed control : Hand weeding twice at 30 & 45
days after transplanting (DAT)

Harmone Spraying : Spray 50 ppm  TIBA or MH-
40 harmone at vegetative growth stage for enhancing
branching habit.
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Contingency planning

I) Late start of monsoon : If monsoon
commences beyond 24th meteorological week

● Grow medium duration varieties in low lands, early
varieties in mid lands and very early varieties in
uplands.

● Go for either drum seeded rice or dibbled rice
especially under upland and midland situations
wherefrom excess water can be drained out during
early stages of germination and establishment of
crop. In case if water cannot be drained out, go
for puddled transplanted rice when transplanting
can be started at 15 days age of the seedlings.

● For effective and efficient utilization of fertilizers
line transplanting especially by paired row method
(15x15x25 cm) with placement of fertilizers either
in the form of Urea- DAP briquettes  or Urea-
Suphala briquettes immediately after transplanting
be done to a depth of 7-8 cm.   In case of dibbled
crop grown similarly, briquettes placement may be
done 10 to 12 days after sowing (DAS).

● In case of directly seeded rice pre-emergence
application of butachlore @ 1.5 kg/ha or
oxadiargyl @ 0.12 kg/ha be followed for effective
weed control in addition to need based hand
hoeings and weedings  or hand hoeing with rotary
weeder be done at 15, 30 and 45 DAS.

● Under upland situations pulses like black gram,
green gram, horse gram and oilseeds like niger,
sesamum etc. can be successfully grown both as
sole crops as also intercrops in finger millet.

● So also wherever marketing facilities are available
cucurbits namely bottle gourd, ridge gourd, bitter
gourd, snake gourd, cucumber etc. can be
successfully grown as sole crop or as intercrops
in mango orchards.

II) Excess rainfall:

● In case if dry sowing in nursery could not be done
due to excess and unforeseen rainfall at the onset
of monsoon, go for staggered sowing of sprouted

rice where late varieties should be sown earlier
followed by mid late and finally early varieties.

● Go for sowing on raised beds

● Drain out excess water from nurseries.

● Instead of normal transplanting of 3 to 4 weeks
old seedlings transplanting may be started at 15
DAS which widens the scope for timely
transplanting and thus losses due to delayed
transplanting.

● In case if transplanting is delayed beyond 4 weeks
seedling age, transplant more seedlings per hill.

● For effective weed control in rice nursery pre-
emergence application of butachlore @ 1.5 kg/
ha or oxadiargyl @ 0.12 kg/ha be followed after
covering line sown seeds.

● For effective and economical weed control, hand
hoeing with rotary weeder be done at 15, 30 and
45 DAS.

● For effective and efficient utilization of fertilizers,
line transplanting especially by paired row method
(15x15x25 cm) with placement of fertilizers either
in the form of Urea- DAP briquettes  or Urea-
Suphala briquettes immediately after transplanting
to a depth of 7-8 cm be followed. In case of dibbled
crop grown similarly, briquettes placement may be
done 10 to 12 days after sowing (DAS).

III) Insufficient rainfall for transplanting:

● As far as possible, upland situations should be
brought under direct seeded rice.

● Put up diversion dams on rivers/nalas or use pumps
for delivering large amount of water required for
puddling operation.

● Wherever water is not be available for puddling
operation, go for repeated ploughings, level land
by running wooden log,  make holes with help of
pointed wooden pegs, place requisite quantity of
mixture of manures and fertilizers in them and
transplant seedlings normally.
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● Pre-emergence application of butachlore @ 1.5
kg/ha or oxadiargyl @ 0.12 kg/ha be followed
immediately after transplanting for effective weed
control or hand hoeing with rotary weeder be done
at 15, 30 and 45 DAT.

Early withdrawal of monsoon :

● In general, rice crop grown in this region happens
to be in reproductive stage at the latter part of
monsoon which is the most critical stage.
Therefore, protective irrigations either by pumping
water or by construction of temporary diversion
dams on rivers / nalas be arranged and possible
losses be avoided.
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ZONE 13. GUJARAT PLAINS AND HILL REGION
This zone consists of nineteen districts of Gujarat. Three on-station and two on-farm centres

are located in this zone. The resource efficient alternative cropping systems as identified and
package of practices for selected crops are discussed here with special reference to following
sub-zones of the Gujarat state.

● North Gujarat zone

● South Gujarat heavy rainfall zone.

● South Saurashtra zone

* Contributed by B.S. Patel, R.S. Mehta, S.B.S. Tikka., B. Gangwar#, B.T. Patel and S.M. Patel, AICRP on Cropping Systems,
Sardarkrushinagar Dantiwada Agricultural University, Sardarkrushinagar-385 506 (Gujarat)

# Project Director, Project Directorate for Farming Systems Research (ICAR), Modipuram, Meerut

NORTH GUJARAT ZONE*

Burgeoning population is resulting pressure on
existing natural resources. Hence, demand for food,
fiber, fodder and fuel is increasing day by day. The
existing natural resources have already been over
exploited and it is now very difficult to meet the
increasing demand of burgeoning population from the
existing resources. Since, time immemorial, mankind
has been struggling hard to get maximum yield per unit
area per unit time. In modern time, adoption of multiple
cropping, intensive cultivation of high yielding varieties,
integrated farming and mixed cropping with a view to
keep land, labour, capital and other resources occupied
round the year is the most feasible and economical
strategy for increasing productivity and economic
efficiency of the farm. This leads to increase in
economic status of the farmers resulting improvement
in standard of living.

The existing predominant cropping systems
followed in the Banaskantha districts by the farmers
are as Pearl millet - Mustard, Cluster bean – Mustard,
Castor - Fallow, and Green gram/Cowpea/Moth bean/
Black gram–Mustard/Wheat –Summer pearl millet.
These cropping systems are widely adopted in the
region because of prevailing favourable agro- climatic
condition and socio-economic situation of farmers but
yield level is low. Therefore, it is the need of time to
standardize and develop alternative efficient cropping
sequences adaptable in existing agro-climatic condition

with high yield potential and system productivity under
available natural resources at the farmer’s disposal.

Production potential and yield gaps

The yield gap of different crops was computed
based on yield of a crop in efficient cropping system
and average yield of a Banaskantha district as
presented in Table 1.Yield index and spread index was
computed by following formula.

Average yield of  a  crop in Banaskantha district
Yield Index of  a crop = ×100

Average yield of crop in Gujarat state

Area of  a  crop in Banaskantha district
Spread Index of  a crop = ×100

Area of crop in Gujarat state

 Yield index of summer green gram, cluster bean,
potato and kharif cowpea is above 100 per cent. It
indicated that productivity of Banaskantha district is
higher than that of Gujarat state for these crops.
Therefore, these crops are efficient for this region.
Therefore; area under these crops may be increased
for getting higher resource use efficiency. Mustard
crop has 59.1 per cent spread area in Banaskantha
than that of Gujarat state while potato, summer pearl
millet and kharif cowpea has in between 40 and 50
per cent.

The production potential of the different cropping
sequences and crops grown in the Banaskantha
district are given in Table-2. Based on the intensive
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Table 1. Production potential and yield gap of important crops grown in Banaskantha district of Gujarat state

S.No. Name of crop Maximum Average Yield Average Area Area in Spread Yield
production yield gap yield in in BK Gujarat Index Index

(kg ha-1) in BK (kg ha-1) Gujarat district (ha) (%) (%)
district (kg ha-1) (ha)

(kg ha-1)

1. Kharif Pearlmillet 2267 626 1460 712 274600 782300 35.1 87.9

2. Summer Pearlmillet 5133 2267 2866 2337 81200 183400 44.3 97.0

3. Cluster bean 846 532 314 404 71800 204700 35.1 131.7

4. Wheat 4293 2534 1759 2823 67100 964100 7.0 89.8

5.  Mustard 2351 1390 961 1369 205700 347800 59.1 101.5

6.  Kharif Greengram 1119 407 712 347 32300 193200 16.7 117.3

7.  Summer Green gram 1734 883 851 654 980 30000 3.3 135.0

8.  Castor 5082 1643 3444 1800 81700 330500 24.7 91.3

9.  Hy. Cotton 3262 2103 1159 2328 15700 1404900 1.1 90.3

10.  Kharif Cowpea 1248 511 737 397 20000 48300 41.4 128.7

11.  Kharif groundnut 1832 1051 781 956 21400 1752400 1.2 109.9

12.  Summer G.nut 2353 1701 652 1745 1000 100100 1.0 97.5

13.  Potato 35248 27139 8109 20861 23300 51700 45.1 130.1

14.  Summer fodder 9429 5324 4105 5703 25000 181250 13.8 93.4
sorghum (Dry)

Source: Final forecast report of area, production and productivity, Directorate of Agriculture, Gujarat state (2006-07)

 Table 2. Production potential and economics of high intensity crop rotations under optimum input condition

Cropping system Grain yield (kg/ha) Pearl System Net
Kharif Rabi Summer  Kharif Rabi  Summer millet cost of realization

EY cultivation (Rs/ha-1/year)
(kg/ha/year) (Rs/ha-1/year)

G. nut  Potato Pearlmillet 1832 35248 5133 33483 80144 170976
(3030) (5341) (8867)

Green gram Mustard Pearlmillet 1119 2351 5133 19901 46560 102695
(1652) (4739) (8867)

Cow pea Mustard Pearlmillet 1248 2351 5133 20340 46430 106121
(1973) (4739) (8867)

Castor Continue Fodder 4582 - 9429 19278 44010 100576
Sorghum (5389)

Castor Continue Greengram 4582 - 1734 22450 44710 123668
(5389) (2603)

Data given in parenthesis indicate by-product yield of respective crop

research carried out for identification of efficient
cropping sequences, it was concluded that the highest
pearl millet equivalent yield and net return was obtained
in the cropping system of kharif Groundnut-Potato-

Summer pearl millet followed by Castor- Summer
green gram, Castor- Fodder sorghum and Cowpea/
Green gram –mustard – summer pearl millet cropping
sequence.
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The selling price of the farm produce used for
calculation of equivalent yield and economics are as
follows:

Name of crop Portion Selling price (Rs/q)

Groundnut Pod 2300
Haulm 300

Potato Tuber 400
Haulm 50

Summer Pearl millet Grain 7500
Straw 200

Green gram Grain 2900
Haulm 250

Mustard Grain 2300
Stover 50

Cowpea Grain 2800
Haulm 250

Castor Grain 2400
Stalk 30

Fodder Sorghum Dry fodder 350

Efficient alternative cropping systems

The major soil groups of Banaskantha district are
sandy and sandy loam and few pockets are having
medium black soil. Therefore, as far as land capability
classification is concern, the majority of soil comes
under land capability class IInd and III rd which require
moderate management practices for taking good crops.

The System involving Kharif Groundnut- Potato-
Summer Pearl millet was idenfied to be the most
efficient cropping sequence of Banaskantha district
giving the highest pearl millet equivalent yield (33,483
kg ha-1) and net realization (Rs.1,70,976ha-1). This
cropping sequence requires 288-302 days to complete
its cycle in a year.

● The growing period as well as crop duration
of the crops included in the cropping sequence
of Kharif Groundnut- Potato-Summer pearl
millet with duration of the sequence in a year
are as follows.

Kharif Groundnut (IIIrd week of June to IIIrd

week of October -115-120) - Potato (Ist week
of November to IInd week of February - 95-
100) - Summer pearlmillet (Ist week of March
to IIIrd week of May -78-82)

● The Castor-Summer green gram is a second
most efficient cropping sequence identified and

evaluated at SDAU, Sardarkrushinagar for the
benefit of the farmers of Banaskantha district
giving pearl millet equivalent yield (22,450 kg
ha-1) and net realization (Rs.1,23,668 ha-1).
This cropping sequence requires 290-305 days
to complete its cycle in a year. The growing
period as well as crop duration of the crops
included in the crop sequence are as follows.

Castor (IIIrd week of July to Ist week of
March - 220-230) - Summer green gram (Ist

week of March to IIIrd week of May - 70-
75)

● The Castor-Summer fodder sorghum system
is third most important cropping sequence
identified and evaluated at Main Cropping
System Research Station, SDAU,
Sardarkrushinagar (Gujarat) for the farmers
of North Gujarat agro climatic zone who are
interested in dairy farming. Sowing and
maturity time as well as crop duration of the
crops included in the crop sequence Castor-
Summer fodder sorghum with total duration
of the sequence in a year which sequence
requires 285-300 days in a year are as follows.

Castor (IIIrd week of July to Ist week of
March - 220-230) - Summer fodder sorghum
(Ist week of March to III rd week of May -
65-70)

These cropping sequences, if adopted by the
farmers will be very helpful in increasing the
productivity, soil fertility, nutrient use efficiency, water
use efficiency, system productivity and employment
generation.

Package of practices

The contribution of dairy farming in North Gujarat
is 33 per cent in total income of the farmer. Hence, it
is necessary to incorporate fodder crops in cropping
sequence for ensuring availability of fodder for buffalo
and cow. Therefore, efforts have been made to
identify efficient cropping sequence having high
productivity alonwith consistent supply of fodder. The
recommended package of practices of different crops
for realizing higher yield and income from each
cropping sequence is discussed in detail in following
paragraphs.
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Groundnut

Groundnut is tropical crop which requires warm
growing season while high rainfall, low temperature
and drought are extremely determinable for better crop
growth.

Land preparation : Groundnut prefers sandy to sandy
loam soil having good drainage facility and containing
good amount of calcium. Therefore, the soils of
Banaskantha district are very good for successful
cultivation of groundnut. It needs a well pulverized soil
tilth of a uniform topography. The field should be
cultivated twice with tractor drawn cultivator followed
by planking for leveling and clod crushing of the field.
Weeds and stubbles should be removed.

Important varieties : Important varieties of groundnut
grown in Banaskantha district are

 Semi spreading type: GG-20

 Erect or Bunch type: GG-2, GG-5 and GG-7

Seeds and sowing : Seed must be pure, viable,
uniform in size and free from seed borne diseases. It
is better to use hand shelled kennels. In North Gujarat,
kharif groundnut is sown in third week of June. On
an average, 100 kg kernel ha-1 for semi spreading type
and 125 kg kernel ha-1 for bunch type varieties are
required.

Seed must be treated with 5 g of Thiram or 3 g
of Captan per kg of kernel for seed borne disease and
with Quinolphos 25 EC or Chloropyrophos 20 EC @
25 ml per kg kernel for control of white grub and dry
in shade for 3-4 hours then use for sowing. Just before
sowing, kernel should be treated with Rhizobium and
PSB culture @ 8-10 kg kernel per packet of 200g of
culture for better nodulation, growth and development
of the crop. Groundnut is sown by using seed drill at
a row spacing of 40 cm for semi spreading type and
30 cm for erect / bunch type. The depth of sowing
should be kept 7-8 cm.

Fertilizer management : Incorporate FYM @10
tonnes ha-1 before primary tillage to improve physical

condition of soil for better pod development. It being
a leguminous crop does not require high doses of
nitrogenous fertilizer. In general, about 25 kg N and
50 kg P
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 ha -1 should be applied to kharif groundnut.

As soil of North Gujarat is deficient in iron, hence,
apply 10 kg FeSo4 ha-1. All the fertilizer should be
applied at the time of sowing. Application of 500 kg
gypsum per ha at the time of pegging is needed to
facilitate proper pod formation and development.

Irrigation management : Cultivation of kharif
groundnut is entirely based on rainfall but due to erratic
behaviour of rainfall, it is necessary to apply irrigation
as and when required at critical growth stages of
groundnut viz., branching, flowering, pegging and pod
formation. Generally, irrigation must be applied at 8-
10 days interval depending upon the texture of soil.
Irrigation should not be applied after pod development
and crop is heading towards maturity because the
kernel starts germinating within the pod, if irrigated at
maturity.

Weed management : Groundnut is infested with
numerous weeds during kharif season. The critical
period of weed crop competition for nutrient, water,
space and sunlight is 40-45 days. Therefore, weed
control measures should be adopted to keep the crop
weed free during this period. Therefore, to take care
of the weed during this critical period, two hand
weeding with two hoeing must be done at 20 and 35
DAS. If availability of labour is not there, then weed
can be controlled by pre emergence application of
Lasso (Alachlor) @ 3-5 liter per ha within two day
of sowing of the crop. Earthing up is necessary in
erect and semi spreading variety to facilitate proper
pegging and pod development. The soil should not be
disturbed after peg initiation by interculturing and
weeding.

Insect pest and diseases : The major insect pests of
groundnut are aphids, jassids and thrips which can be
effectively controlled by spraying 0.05 per cent
Monocrotophos.

To control tikka disease, apply Mancozeb @ 25 g
per10 liter of water at 30-35 DAS and repeat the spray
after 15 days, if required.
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Harvesting : At maturity, leaves turn yellow and start
shedding. The bunch and semi spreading type varieties
are usually harvested by hand pulling when there is
adequate moisture in the soil.

Threshing : Groundnut plants are stacked in heaps
with pod end exposed outside to sun for drying and
then threshing operation is done by tractor drawn
groundnut thresher to separate the pods.

Potato

Potato is a temperate region crop that requires
lower temperature but frost free night, lower humidity
and bright sunny days. It needs about 250 C for
sprouting, 200 C for vegetative growth and 17 to 20 o

C for tuberization and tuber bulking. The soil and
climatic conditions of Banaskantha district is very
congenial for better tuberization and luster.

Land preparation : Potato prefers sandy to sandy
loam soil rich in organic matter content having pH
between 5-7. Soil having high pH is not congenial for
better tuberization. Immediately after harvesting of
Kharif crop, a deep ploughing with MB plough should
be done followed by cross cultivation by tractor drawn
cultivator.

Seed and Sowing : Potato is vegetativly propagated,
hence, seed material must be free from all probable
diseases because disease pathogen is carried from
mother plants and crop gets spoiled. Seed tuber must
be larger than 2.5 cm in diameter, tuber should be
uniform in size, skin must be smooth and tight, they
should be sprouted but the sprout should not be larger
than 1 cm. Before sowing the selected tuber, tuber
must be treated with Dithane M-45 @ 1.0 kg with 5
kg talc powder per ha and keep in shade for 8-10 hours
and then use for sowing.

In Banaskantha district, potato is sown in Ist week
of November. The potato may be planted in furrows
followed by ridges using 2500-3000 kg tuber ha-1

required for sowing of the crop at a distance of 50
cm between the rows and 15-20 cm between the
tubers. The sowing should be done by tractor/ bullock
drawn potato planter for getting uniform plant stand.

Fertilizer requirement : Yield potential of potato is
very high, therefore, huge amount of nutrients are
removed from the soil. Apply 25-30 tonnes of FYM
ha-1 with 1.0 tonne castor cake and should be mixed
in soil before sowing. The recommended dose of
nutrients are 275-138-275 kg N, P
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 and K
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O ha-1.

Apply 140 -138-275 kg N, P
2
O

5
 and K

2
O ha-1 as basal

in form of ammonium sulphate, DAP and muriate of
potash in furrows. Remaining 135 kg N should be
applied at 35-40 DAS at the time of earthing up.

Water management : Water requirement of potato
is very high therefore; irrigation management should
be done efficiently for getting higher water use
efficiency. It is advisable to keep ridges moist but not
wet for rapid bulking of tubers. The crop should be
sown after applying pre-sowing irrigation. First light
irrigation should be given at 8-10 DAS for better
germination and subsequent irrigations should be given
in furrows upto 2/3 rd height of ridge at an interval of
6-7 days in sandy soil and 8-10 days in loamy soil.
Total number of irrigation requirement of potato is 14-
15 in sandy soil and 9-10 in loamy soil. Drip irrigation
system should be used for higher water use efficiency
which results 20 per cent irrigation water saving that
can be used for bringing additional area under
irrigation.

Earthing up : Tuber being underground modified stem
and inside the soil surface, need loose soil for proper
bulking and development, therefore, the ridges should
not be compact. Tuber when exposed to sunlight,
synthesis of anthocynin and chlorophyll and form
solanin. Such tuber become green, loose and starts
germinating and bulking is totally stopped resulting into
drastic reduction in yield. Therefore, crop should be
given one earthing up at 35-40 DAS.

Weed management : Weed should be removed as
and when they emerge in the field. Manual or
mechanical weeding is always better for higher tuber
yield but use of herbicide like Metrimuzin (Sancer) @
0.4 kg ha-1 dissolves in 600 liter water and spray after
first irrigation in moist condition. For effective weed
control or apply paraquate (Gramaxone) @ 2.5 liter
per ha mix with 1000 liter of water and spray before
2-5 per cent germination of potato.
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Harvesting : Irrigation should be withheld 15 days
before digging of potato tuber. Before one week of
digging of potato removed haulm for curing and
hardening of tubers so that they may not bruise off
while digging or transporting. The harvesting is done
by bullock/tractor drawn digger. Tubers should be
spread in an aerated cool, dry and dark place for about
30 days so that excess moisture dry up and adhered
soil may come out before tuber are sent for storage.

Plant protection measures

Common scab

• Grow green manuring crop in kharif season.

• Crop rotation should be done by lucerne or by
fodder pearl millet.

• Irrigation should be applied at shorter interval
in infested plot.

• Apply 20 kg boric acid per ha before sowing
of crop.

Early and late blight

• Apply Mancozeb @ 25 g per 10 liter of water
at 45 DAS and subsequent spray should be
at an interval of 10-15 days.

• Use resistant varieties Kufri Badshah, Jawahar
and TPS.

Stem necrosis

• Spray monocroptophos or metasystox @ 10
ml per 10 liter water.

Summer Pearl millet

This is an important cereal crop of North Gujarat
Agro-climatic Zone mainly grown in both kharif and
summer season. It is grown for grain as well as for
fodder in the region. The yield potentiality of summer
pearl millet is very high in this region.

Land preparation : The seed of pearl millet is fine,
hence, it needs very fine tilth. The field should be

harrowed twice. Field should be leveled and weed and
stubble should be removed. Clods must be broken by
planking to obtain fine seed bed for sowing of the crop.

Sowing time : The summer pear millet crop should
be sown immediately after harvesting of rabi crop in
first week of March.

Seed rate and spacing : The crop is sown by drilling
method, keeping 45 cm distance between two rows
using 3.750 kg seed ha-1. The seeds are very small,
hence, should not be sown deeper than 2.5 cm in well
prepared seed bed for realizing optimum yield. In order
to harness the solar radiation properly and regulate
temperature of crop canopy, it should be sown in east
to west direction.

Fertilizer management : Pearl millet crop needs l20
kg N and 60 kg P
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 /ha. The crop is grown mainly

in light textured soils where chances of nutrient loss
through leaching are very high. Therefore, out of 120
kg N ha-1, 50 per cent i.e. 60 kg N/ha-1 should be
applied as basal through 30 kg N from urea and
remaining 30 kg N from castor cake (600 kg ha-1)
along with full dose of P
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at 7-8 cm depth at the

time of sowing. Care should be taken that fertilizer
must not be come in direct contact of seeds.
Therefore, fertilizes must be placed either 5-6 cm
below the seed or by the side of rows. Remaining 60
kg N should be top dressed in two equal splits at 20
DAS and 35 DAS.

Irrigation management : In North Gujarat, growing
of summer pearl millet immediately after harvesting
of rabi crop is a common practices. Hence, due
consideration should be given for proper irrigation
management. The crop should not be allowed to suffer
from water stress at critical growth stages like
maximum tillering, flowering and grain filling. Water
stress and water logging at any stage of crop growth
is highly detrimental to the yield. Summer pearl millet
crop requires 6-8 irrigations considering the soil type.
Pre-sowing irrigation is required for better and uniform
germination as well as to reduce weed problems. First
irrigation is given at 15 DAS and subsequent irrigations
are applied at an interval of 8-10 days.

Weed management : The crop is found to be infested
with weeds which cause a considerable damage to the
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crop. An integrated weed control methods like pre-
emergence application of Atrazine @ 0.5 kg ha-1

would take care of most of the weeds present in the
pearl millet crop followed by hand weeding and
interculturing at 30 DAS.

Plant protection measure : Though, there is no
problem of insect and pest in summer pearl millet but
for precaution point of view following pest and disease
control measures should be adopted, if necessary.

(1) Insect pest : Pearl millet is mainly affected by
stem borer and grass hopper. The stem borer initially
feed on leaves and later bore into stems. The affected
plants remain stunted and often develop dead heart.
It is controlled by spraying with endosulphan.

(2) Disease : Pearl millet is mainly affected by downy
mildew (green ear disease), ergot and smut.

(i) Downy mildew (Green ear disease)

It is mainly caused by Sclerospora graminicola,
prevalent in humid area of all the pearl millet growing
in the country but in North Gujarat this crop is not
affected by green ear disease in summer season
because of availability of resistant varieties.

(ii) Smut

It is caused by Tolysporium penicillariae. It is
common under humid climatic condition in all the
states. Summer pearl millet in North Gujarat is not
affected by this disease.

(iii) Ergot

It is caused by Claviceps microcephala . It is
very serious disease of the pearl millet and causes very
heavy losses, if not controlled timely. Though, the
disease causes heavy losses in kharif pearl millet but
summer pearl millet is not affected by this disease in
North Gujarat.

Control

• Seed treatment with 20 per cent common salt
solution followed by washing with fresh water.

• Treat with Agrosan GN, Ceresan or thiram @
2 g per kg seed to control the disease.

• Crop rotation and deep summer ploughing are
found to be effective measure for controlling
the disease

Harvesting and threshing : The grain crop should
be harvested when the grains become hard enough
at 20 per cent moisture in seed. Generally, two
methods are used for harvesting of the crop.

• Cutting of ear head first from the standing
crop, followed by cutting of remaining plants.

• Cutting the entire plants by sickles and
stacking the harvested plants for five days in
sun and separating ear head from the plant
by sickle. Threshing is done by tractor Drawn
thresher.

Yield : If pearl millet is cultivated by scientific method
and recommended package of practices, it is yielded
up to 45-55 q grain and 80-100 q straw per ha.

Castor

India has legitimate pride being the largest
producer and exporter of the castor in the world.
Gujarat occupies first position in term of productivity
and development of hybrids in India as well as in the
world.

Land preparation : The crop comes up well in almost
all types of soil having proper drainage system. Inferior
soil not fit for commercial and food crops are often
used for growing castor. Deep summer ploughing with
MB plough should be done after harvesting of summer
crops. Two times cross cultivation with cultivator are
required for preparation of good seed bed. Stubble of
previous crop and weeds must be removed and field
should be leveled by planking.

Important hybrids recommended : GCH-4, GCH-
5, GCH-6 and GCH-7 are recommended castor
hybrids for Gujarat. GCH-7 is recommended as wilt
resistant hybrid.
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Seed and sowing : Kharif castor should be sown in
third week of July in North Gujarat. This is the proper
time of sowing of castor to protect it from semi-looper.

Castor is generally sown by dibbling method
keeping 120 -150 cm x 60 cm distance. These inter
and intra row distance helps in running blade harrow
both the ways and for reducing the cost of manual
weeding. Seed rate of 4- 5 kg ha-1 is optimum. To
achieve required plant stand, dibble 2 seeds /hill and
maintained one seedlings by thinning at 20 DAS..

Fertilizer management : Castor is highly responsive
to fertilizer, therefore, fertilization with 10-12 tonnes
of FYM ha-1 during land preparation helps in moisture
retention, besides providing nutrition to crop. Irrigated
castor needs 120 kg N and 50 kg P
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kg ha-1 for

realizing higher yield. .At basal, 30 kg N and full dose
of P
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 should be applied and remaining 90 kg N

should be applied in three equal splits at an interval of
30 days.

Water management : Castor gives good response to
irrigation due to its perennial nature. Castor needs 7-
8 irrigations at an interval of 15-20 days after cessation
of monsoon. The depth of irrigation water is 60 mm.
Under limited water available situation, adopt drip
irrigation method.

Weed management : In the initial growth phase,
castor is very sensitive to weeds. In irrigated castor,
2-3 interculturing with bullock drawn blade harrow
starting from 25-30 days after planting combined with
2-3 hand weeding effectively check weed growth.
Herbicide like Fluchloralin or Triflurolin @ 1.0 kg ha-

1 as pre-plant application or Alachlor @1.25 kg ha-1

as pre-emergence is equally effective for controlling
weeds in initial stage.

Insect pest and diseases

Castor is affected by number of insects and
diseases.

Insect pest : The major insect pest of castor is red
hairy caterpillar, semilooper, capsule borer, leaf hopper
and white fly. Most of these pests may be controlled
by spraying of Monocroptophos (0.05 %) or quinolphos
(0.05 %) and Endosulphan (0.07 %).

Diseases : The important diseases of castor are wilt
and root rot. In order to protect the crop from wilt,
seed should be treated with Carbendazim 2 g per kg
seeds / Trichoderma viridie 10 g /kg seeds.

Harvesting and threshing : The main spike is ready
for harvest within 90-100 days after planting. The
harvesting of spike of castor is done in number of
pickings. Generally, 6-7 pickings are done for
harvesting of all the spikes of castor.

Summer green gram

Summer greengram is important pulse crop
contains 22-25 % protein. It is cultivated during
summer season as catch crop to increase the system
productivity.

Field preparation : Summer green gram needs fairly
deep, well drained soil which should be free from salt.
During summer season, a thorough preparation as well
as pulverized seed bed which is prepared by giving 2-
3 cross harrowing followed by planking. The seedbed
must be free from stubbles and weeds.

Important verities : The improved high yielding
variety of green gram is Gujarat Moong-4.

Seed rate and sowing : In North Gujarat agro-
climatic condition, sowing of green gram is done in the
first week of March keeping 20 kg seed ha-1 at 30 cm
row spacing. Therefore, short growing season can be
efficiently utilized due to their short duration nature.

Fertilizer management : Green gram being a
leguminous crop, it needs less nitrogenous fertilizer
because Rhizobium present in nodules of the roots
help in biological nitrogen fixation making use of
abundant available atmospheric nitrogen. But as a
starter dose 20 kg nitrogen and 40 kg P
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 ha-1 must

be applied as basal dose at 10-15 cm deep just before
sowing .

Irrigation management : Summer season green gram
is sown after applying pre-sowing irrigation and
afterwards six irrigations of 50 mm depth should be
applied at an interval of 7-8 days.
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Weed management : The initial growth of summer
moong being slow therefore, the crop usually suffers
from a severe weed competition up to 35 days which
cause drastic reduction in yield. Therefore, two hand
weedings and interculturings should be done at 20-25
DAS and 35-40 DAS. If labours are not available and
costly, the weeds can also be managed by use of pre-
plant soil incorporation of fluchloralin @ 1 kg ha-1.

Plant protection measures : Summer green gram is
rarely affected by insect, pests and diseases due to
favorable climatic condition for growth and
development of the crop.The important insect, pest and
diseases with control measure are as below

Diseases : It is attacked by yellow mosaic, powdery
mildew and leaf spots. Yellow mosaic is transmitted
by whitefly, hence, spraying of systematic insecticide
is controlled it. To control powdery mildew disease
spray Carbendanzim 50WP @ 0.07 % twice at 15 days
interval after appearing disease.

Pests : Pests of summer green gram are jassids,
aphids, whitefly and pod borer. The sucking pests are
controlled by spraying systematic insecticide like
Dimethoate 30EC, Metasystox 25 EC and Dimecron
35 EC. In order to control the pod borer, Endosulphan
35 EC should be sprayed at 50 per cent flowering.

Harvesting : In green gram, harvesting should be
done when pods turned black in colour. Two to three
pickings are done. Picking should be carried out during
morning hours. Threshing should be done in threshing
yard and seeds are separated and cleaned.

Yield : The average yield of summer green gram is
17-18 q ha-1, if recommended package of practices
are adopted.

Summer fodder sorghum

Sorghum is very popular in Banaskantha district
of North Gujarat as a green and dry forage crop.
Forage sorghum is characterized by quick growth and
high biomass accumulation.

Land preparation : Immediately after harvesting of
rabi crops, land should be cultivated with tractor drawn
cultivator 2-3 times and then clod crushing by disc

harrow. Sowing of summer fodder sorghum is done
after pre-sowing irrigation.

Important varieties : Important varieties of fodder
sorghum are GFS-4 and 5, SSG-59-3, GJ-39 and
Malvan.

Seed and sowing : A seed rate of 60 kg per ha is
required for getting desired plant population and thin
stem and higher leaf to stem ratio for palatable fodder
and realizing higher yield. Summer fodder sorghum
should be sown keeping 30 cm row to row distance
by adopting cross sowing method. It is sown in first
week of March.

Fertilizer management : Fodder sorghum is heavy
feeder and removes more nutrients from the soil.
Therefore, for higher fodder yield, it is fertilized with
80 kg N and 40 kg P

2
O

5
 ha-1. Half dose of N and full

dose of P
2
O

5
 should be applied at sowing and

remaining half dose of N should be applied at 30 DAS.

Irrigation management : Water requirement of
summer fodder sorghum is very high due to high
evapo–transpiration demand because of bright
sunshine hours, high temperature and desiccating winds
during the growing period of the crop. The crop should
be sown after applying pre-sowing irrigation. First
irrigation should be given at 12-15 DAS and remaining
irrigations at an interval of 7-8 days depending upon
the type of soil and weather condition. Crop should
not be exposed to water deficit in the initial growth
stages, otherwise accumulation of HCN takes place
which is very poisonous to the animals. The crop
requires total 5-6 irrigations each of 50 mm depth.

Weed management : Summer fodder sorghum is not
affected by weed problems due to early fast growth
of the crop which smoother the weed. Moreover, the
weed presents within the crop also acts as an
important source of fodder along with sorghum.

Harvesting : Harvesting is an important operation in
summer fodder sorghum. Since HCN is present in
sorghum especially in early stage up to 40-50 days.
Proper care should be taken during harvesting to avoid
HCN poisoning in case use as green fodder. Single
cut varieties are harvested from 50 per cent flowering
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to full bloom. Fodder sorghum should be harvested at
65-70 DAS.

Yield : Yield of summer fodder sorghum is 400-500 q
ha-1 as green and 125- 160 q ha-1 as dry.

Contingency planning

Aberrant weather situation is an important
phenomenon in Indian agriculture which is dependent
on behavior of monsoon. Some time, monsoon
received early with long dry spell, sometime late onset
of monsoon results in delayed sowing causing
reduction in production. Sometime, it withdraws early
resulting in moisture stress at grain development and
maturity giving very low yield. Therefore, in order to
utilize the available weather situation, it is necessary
to have contingent planning for successful and
sustainable crop production. Selection of crops and
their varieties based on aberrant weather situation is
a very important aspect of crop production. Therefore,
selection of crop and varieties should be made
depending upon weather situation. Important crops and
varieties suitable for different weather situations are
as under.

I. Timely rains (3rd week of June to 1st week of
July)

(A) Cereal Crops

Pearl millet : GHB-558,GHB-577,GHB-526

Maize : GM-1 ,GM-2

Paddy : Jaya, Gujary

(B) Oil Seeds

Spreading groundnut : GAUG-10,GG-11,GG-12
and GG-13

Semi –Spreading : GG-20

Bunch type groundnut : GG-2, GG-5, GG-7

Sesamum : GT-1 and GT-2

(C) Pulse crops

Green-gram : K-851, GM-4

Black- gram : T-9, G-Urd-1

Moth bean : GMO-1, GMO-2

Pigeon pea : GT-101, GT-1(Veg.), GT-100,
BDN-2, ICPL-87

Cowpea : Pusa Falguni (Veg), GC-3, GC-
4, GC-5

Cluserbean : GC-1, HG-75, Pusa
Navbahar(Veg)

(D) Cash crop

 Cotton Hybrid : G.Cot Hy-6, G.Cot Hy-8,
G.Cot Hy-10, DH-7,DH-9

 Cotton Bt : Approved Bt Hybrids by
Government.

II. Late rains (2nd week of July to 4th week of July)

(A) Cereal Crops

Sorghum : GJ-38, GJ-39, GJ-40, GJ-41, GJ-42,
GJ-43, GJ-44, CSH-5, CSH-6

Maize : GM-1, GM-2

Paddy : Jaya, Gujary

• The area of pearl millet should be shifted to
sorghum or other profitable crop

(B) Oil Seeds

Bunch type groundnut : GG-2, GG-5, GG-7

Sesamum : GT-1 and GT-2

Sunflower : EC68414

• The area of spreading and semi spreading
groundnut should be shifted to bunch type
groundnut.
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• Relay/Inter-cropping of pigeon pea and castor
are advised in groundnut and green gram

(C) Pulse crop

 Green-gram : K-851, GM-4

 Moth bean : GMO-1, GMO-2

 Pigeon pea : GT-101, GT-1(Veg), GT-100,
BDN-2, ICPL-87

 Cowpea : Pusa falguni(Veg), GC-3, GC-4,
GC-5

• Reduce the area under pulses and increased
the area under castor, sorghum, transplanted
vegetables ( Brinjal, chilly and tomato)

(D) Cash crop

 Cotton-Desi : G.Cot-10, G.Cot-13, G.Cot-15,
G.Cot-18, G.Cot-21.

 Castor : GAUCH-1, GAUCH-2, GCH-4,
GCH-5, GCH-6, GCH-7

• Replace hybrid cotton and Bt cotton by castor,
sorghum, transplanted vegetables ( Brinjal,
chilly and tomato)

III. Very late rains (After 4th week of July)

(A) Cereal Crops

 Grain sorghum : GJ-38, GJ-39, GJ-40, GJ-41,
GJ-42, GJ-43, GJ-44, CSH-5,
CSH-6

 Fodder sorghum : GFS-4,GFS-5, Malvan , SSG-
59-3

 Maize : GM-1, GM-2

• The area of pearl millet and paddy should be
shifted to fodder sorghum.

(B) Oil Seeds

 Sesamum : Purva-1.

 Castor : GCH-4,GCH-5,GCH-7

 Sunflower : EC-68414

• Replace hybrid cotton and Bt cotton by castor,
fodder sorghum, transplanted vegetables
namely, Brinjal (Doli-5, Pusa long purple),
chilly ( Jwala, Gujarat Chilli-1 and 2) and
tomato ( Pusa ruby) and Bidi tobacco

• Relay-cropping of pigeon pea and castor are
advised in groundnut

(C) Pulse crop

 Moth bean : GMO-1, GMO-2

 Pigeon pea : GT-101, GT-100, BDN-2, ICPL-
87
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SOUTH GUJARAT HEAVY RAINFALL

ZONE*

On account of perennial availability of irrigation
water from Ukai Kakrapar Irrigation Project, created
the opportunity of intensive cropping area in South
Gujarat. Paddy-paddy and paddy-sugarcane are the
major cropping systems of this area. Paddy-paddy
sequence being more remunerative, majority of
farmers follows this system. High water requirement
of these crops results in low water use efficiency and
lead to development of salinity. Crops which provide
higher input use efficiency required to be grown for
sustainable agriculture. To compensate the economy
of paddy-paddy and to sustain the crop and soil
productivity of this area, there is need to diversify the

existing cropping system with other remunerative
crops.

Production potential and yield gaps

A field experiment was conducted at Cropping
System Research Centre, Navsari Agricultural
University, Navsari during the year 2003-04 to 2005-
06. The treatment details are given in table 1 and the
data obtained on yield of kharif, rabi and summer
crops have been presented in Table-2. The average
yield of these crops obtained during three years was
compared with the average yields obtained in the zone
(Farmer’s fields). Yield gaps observed between yield
of research farm and farmer’s field were considerably
higher with all the crops (Table-3).

Table 1. Treatment details.

Treatment Kharif Rabi Summer

T
1

Paddy (GR-3) Wheat (GW – 496) Fallow

T
2

Paddy (GR-3) Wheat (GW – 496) Greengram (K851)

T
3

Paddy (GR-3) Sorghum (F) Greengram (K851)

T
4

Paddy (GR-3) Castor (GCH- 4) Continue

T
5

Paddy (GR-3) Mustard (GM- 2) Greengram (K-851)

T
6

Paddy (GR-3) Sorghum (F) Groundnut(GG-2)

T
7

Paddy (GR-3) Gram (ICCC-4) Cowpea (V) – (Pusa Phalguni)

T
8

Paddy (GR-3) Fenugreek (V) (Local) Okra (Parbhani Kranti)

T
9

Paddy (GR-3) Onion (Nasik red) Cowpea (V) – (Pusa Phalguni)

T
10

Paddy (GR-3) Gram (ICCC-4) Sesamum (GT- 2)

Table 2. Yield of kharif, rabi and summer crops (kg/ha) as influenced by different cropping systems.

Treat. 2003-04 2004-05 2005-06

Kharif Rabi Summer Kharif Rabi Summer Kharif Rabi Summer

T
1

3932 2160 - 4367 2801 - 5087 2915 -

T
2

3932 2000 1783 4435 2824 1529 4858 2686 1029

T
3

3955 19433 2058 4332 21148 1652 4858 21548 1143

T
4

4367 2189 - 4001 2292 - 4973 2000 -

T
5

4035 1017 1600 4241 865 1069 4915 892 1097

T
6

4001 22291 1497 4104 19090 2086 5030 19947 2172

T
7

3944 526 3458 4275 509 2238 5030 926 2286

T
8

4241 480 - 4252 8659 9146 5373 8345 6859

T
9

4115 22977 3555 4447 24577 1686 5487 28006 1772

T
10

4207 526 886 4401 383 669 5258 857 674
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Efficient alternative cropping systems

Based on the studies conducted over years at
Navsari centre to indentify efficient cropping systems,
paddy-fenugneek (vegetable) Orkra (vegetable) and
paddy-onion-cowpea vegetable systems were identified
to be the most suited system for the zone. The
supportive data is highlighted here.

The data presented in Table-4 revealed that
treatment T

9
 (Paddy- Onion- Cowpea) recorded the

highest paddy equivalent yield almost in all individual

years as well as in pooled data followed by treatment
T

8
 (Paddy- Fenugreek- Okra). Similarly this T

9

treatment recorded the maximum net return of Rs.
72583 ha-1 followed by T

8
 (Table-5).

Looking to the yield gap the wider yield gap (16.36
%) was noticed under T

9
 treatment followed by

treatments T
8
 and T

5
. The data given in Table-6,

Indicating that these gaps can be shortened by adopting
improved package of practices recommended for these
crops (Rice, gram, sesamum, fenugreek and okra).

Table 3. Yield gap between research farm and farmers fields (kg/ha).

Treat. Yield at research Yield of Zone Yield Gap
farm Kharif Rabi Summer

Kharif Rabi Summer Kharif Rabi Summer Kg/ha % Kg/ha % Kg/ha %

T
1

4462 2625 4250 2318 212 4.99 307 13.24

T
2

4408 2503 1447 4100 2390 1250 308 7.51 113 4.73 197 15.76

T
3

4381 20709 1617 4150 18500 1400 231 5.57 2209 11.94 217 15.50

T
4

4447 2160 4135 1925 312 7.55 235 12.21

T
5

4397 924 1255 4050 825 1030 347 8.57 99 12.00 225 21.84

T
6

4340 20442 1918 3990 19200 1500 350 8.77 1242 6.47 418 27.87

T
7

4416 653 2660 4125 530 2390 291 7.05 123 23.21 270 11.30

T
8

4622 5828 8002 4300 5500 7550 322 7.49 328 5.96 452 5.99

T
9

4683 25186 2337 4270 24230 2010 413 9.67 956 3.95 327 16.27

T
10

4622 588 743 4350 370 630 272 6.25 218 58.92 113 17.94

Table 4. Paddy equivalent yield (Kg/ha) obtained under
different crop sequence (Pooled data basis)

Treat. 2003-04 2004-05 2005-06 Pooled

T
1

6677 7927 8792 7799

T
2

14029 14503 12632 13721

T
3

14980 13841 12257 13693

T
4

9561 9439 9718 9573

T
5

15123 12435 13342 13633

T
6

10451 11672 12918 11680

T
7

11231 9448 11415 10698

T
8

4688 27825 24814 19109

T
9

25718 23967 27477 25721

T
10

10138 8841 11009 9996

Table 5. Economics of different crop sequences

Treatments Gross Total Net
realisation expenditure return

(Rs./ha/year) (Rs./ha/year) (Rs./ha/year)

T
1

46012 35346 10666

T
2

80956 43358 37598

T
3

80787 41123 39664

T
4

56479 35362 21117

T
5

80437 40594 39843

T
6

68914 45373 23541

T
7

63118 40516 22602

T
8

112743 52402 60341

T
9

151752 79169 72583

T
10

58976 38444 20532
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From the results obtained at Navsari it can be
concluded that paddy-onion-cowpea, paddy-fenugreek-
okra and paddy-mustard-greengram and more better
productive and profitable cropping systems for the
south Gujrat heavy rainfall zone.

Package of practices

The experiment field was cultivated by tractor
drawn cultivator in both the directions. Weeds and
other residues were removed manually and planking
was done in both the direction to prepare a leveled
and fine seed bed. Bunds were prepared manually to
separate or as per the crop and furrows were opened
manually with the spacing of the crops given in the
table accordingly.

The spacing, seed rate and fertilizer dose was
given to the included crops of the cropping system as
given in the Table-7, respectively. Two hand weeding
and interculturing operations were carried out.

No severe incidences of pest and diseases were
observed during the life cycles of the crops of the used

Table 6. Paddy equivalent yield (kg/ha) obtained under
different crop sequences (pooled data basis)

Treatment Yield (kg/ha) Yield gap

At research In zone kg/ha %
Ffarm (Farmer’s field)

T
1

7799 7196 603 8.38

T
2

13721 12434 1287 10.35

T
3

13693 12277 1416 11.53

T
4

9573 8702 871 10.01

T
5

13633 11960 1673 13.98

T
6

11680 10681 999 9.35

T
7

10698 9613 1085 11.29

T
8

19109 16715 2394 14.32

T
9

25721 22103 3618 16.36

T
10

9996 8956 1040 11.61

Table 7. Information on package of practices

Crop Spacing Seed rate Fertilizer
(Cm.) (Kg ha-1) (NPK (Kg ha-1)

Paddy(GR-3) 20 x 15 25 100-50-00

Wheat (GW - 496) 22.5 120 120-60-00

Sorghum (F) 30.0 30 80-40-00

Castor (GCH- 4) 90 x 60 6 75-50-00

Mustard (GM- 2) 45 4 50-50-00

Gram (ICCC-4) 30 x 10 60 20-40-00

Fenugreek (V) (Local) B.C. 40 25-00-00

Onion (Nasik red) 15 x 10 10 75-50-50

Greengram (K851) 30 30 20-40-00

Groundnut(GG-2) 30 120 25-50-00

Cowpea (V) 30 20 20-40-00
(Pusa Phalguni)

Okra (Parbhani Kranti) 30 10 150-50-00

Sesamum (GT- 2) 45 2.5 25-50-00

Prevailing market prices (Rs/kg of produce): Rice grain (5.9), wheat
(7.5), sorghum fodder (0.7), castro (14), mustard (25), gram (16),
fenugreek vegetable (5), onion (4), greengram (25), groundnut (15),
cowpea vegetable (10), okra (10) and sesame (30).

cropping system in all experimental years. The
harvesting of the crops was done according to their
maturity.

Contingency planning

a) For excessive rainfall: Proper drainage
facilities to be provided.

b) Disease epidemics: Resistant varieties have
to be selected.

c) Insect-pest incidence: The necessary
provision should be made for plant protection.

d) Deficiency of nutrients: Recommended
nutrients should be applied.

* * * * *
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Centre, Junagadh Agricultural University, Junagadh-362001(Gujarat).

SOUTH SAURASHTRA ZONE*

The demand of food, fodder, fiber and fuel are
increasing day by day with increasing population
pressure. The existing natural resources have already
been over exploited and it is now very difficult to meet
the increasing demand of burgeoning population from
the existing resources. In modern time, adoption of
multiple cropping, intensive cultivation of high yielding
varieties, integrated farming and mixed cropping with
a view to keep land, labour, capital and other resources
occupied round the year is the most feasible and
economical strategy for increasing productivity and
economic efficiency of the farm.

The cropping system is a sub system of the
farming system which means set of elements/
component that are inter-related and interacting among
them. The objectives of any cropping systems are
efficient utilization of all the resources viz., land, water
and solar radiation, maintaining stability in production
and obtaining higher return. Generally, the production
of crop is increased by two means i.e. by increasing
the area of cultivation and by increasing the
productivity of per unit area of the crop. Now day’s
two more dimensions viz., increasing the production
per unit time and per unit space has been added. In
traditional cropping system, mixture and rotation were
developed by the farmers over the years of the
experience by the trial and error to suit specific
ecological and socio- economic condition.

The South Saurashtra zone is situated between
20.5° to 21.8° north latitude and 69.3° to 72.3° east
longitudes on the western side and the southern side
of the country with an altitude of 5 to 60 meters above
mean sea level. The influenced area of the zone
comprises the whole district of Junagadh & Porbander
and 3 talukas each of Amreli, Bhavnagar and Rajkot
districts.

Total geographical area of the zone is 16.81
hectares that is 8.6 per cent of the total geographical
area of the Gujarat state. The major source of

irrigation is the ground water i.e. 80 per cent by wells
and 20 per cent through canal.

The climate is semi-arid and characterized by
fairly cold and dry winter and hot and dry summer and
warm and humid monsoon. The zone receives rainfall
through the South-west monsoon which generally sets
in the middle of June and withdraws by the end of
September with an average rainfall of 740 to 1000
mm. The rainfall is erratic and unevenly distributed
over lesser number of rainy days. The precipitation is
heavier during July and August (80%) and scanty in
September.

The existing predominant cropping systems
followed in the South Saurashtra Agro of Gujrat
climatic Zone by the farmers are Groundnut-wheat,
Groundnut – castor or castor + Groundnut
intercropping, Groundnut–pearl millet and Cotton-
fallow.

 These cropping systems are widely adopted in the
region with a view to prevailing favourable agro-
climatic condition and socio-economic situation of
farmers but yield level is low. In such situation, there
is need of time to standardize and develop alternative
efficient cropping sequences adaptable in existing agro-
climatic condition with high yield potential and system
productivity under available natural resources.

Production potential and yield gap

The production potential and yield gap analysis
based on tabular data in table 1 & 2 revealed that there
is wide scope to increase the yield as there is wide
difference between average yield of crops in the zone
and experimental plot yield.

The different cropping sequences and crops
grown in the South Saurashtra Agro climatic Zone with
area, production and productivity are given in Table-
1. The topography of the South Saurashtra Agro
climatic Zone, varies from leveled plain flat area with
a moderate slope. Most of the soils are calcareous in
nature and alkaline in reaction with more clay content.
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The major soil groups of this zone come under sandy
loam to medium black soil.

Efficient alternative cropping systems

The alternative cropping sequences identified in
crop diversification / intensification experiments which
are suitable as per soil and resource position of the
farmers of the zone are as under:

● Groundnut - Wheat - Fallow

● Groundnut - Onion - Green gram

● Groundnut - Pearl millet - Green gram

● Groundnut - Wheat - Sesamum

● Cotton - Continued - Pearl millet/ Groundnut

● Groundnut - Castor - Continued

The yield potential and economics of different
crops included in different cropping sequences are
furnished in Table 2. Some more cropping sequences
are practiced in this zone are sesamum-Wheat-Fallow,
groundnut-chickpea-pearl millet, Groundnut-cumin-
sorghum/maize, Groundnut + pigeon pea/cotton/castor
as intercropping/ relay cropping.

These cropping sequences will be very helpful in
increasing the productivity, soil fertility, nutrient use
efficiency, water use efficiency, system productivity
and employment generation.

Package of practices

The recommended package of practices of
different crops for realizing higher yield and income
from each cropping sequence are discussed in detail
in following paragraphs.

Groundnut

In India, groundnut is grown in about 7.5 million
hectares and produces about 6 million tonnes. Among
these, about 70% of the area and 75% of the
production are concentrated in the four states of
Gujarat, Andhra Pradesh, Tamil Nadu and Karnataka.
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Table 2. Production potential and economics of high intensity crop sequences under optimum condition

Crop Sequences Yield of Main Product GEY of Sequence Cost of Net
(Kg ha-1) (Kg ha-1) culti- reali-

Kharif Rabi Summer Kharif Rabi Summer Kharif Rabi Summer Total vation zation
(Rs ha-1) (Rs ha-1/

year)

Groundnut Wheat Fallow 1961 4783 0 1961 2126 0 4087 44900 65449

Groundnut Onion Green gram 1961 23323 1043 1961 1728 1352 5041 81400 54707

Groundnut Wheat Sesamum 1961 4783 1347 1961 2126 2894 6981 63400 125087

Groundnut Pearl millet Green gram 1961 2140 1043 1961 594 1352 3907 61200 44289

Cotton Cotton Pearl millet 2140 0 1787 2219 —- 497 2715 46000 27305

GEY- Groundnut equivalent yield, Selling Price of Products (Rs. /kg): Groundnut- 27, Wheat-12, Onion- 2, Cotton- 28, Green gram – 35, Sesamum-
58 and Pearl millet-7.50

Climate and Soil : The crop can be grown
successfully in places receiving a minimum rainfall of
1,250 mm. Groundnut is grown on wide variety of soil
types. However, the crop does best on sandy loam and
loamy soils and in the black soils with good drainage.
Heavy and stiff clays are unsuitable for groundnut
cultivation as the pod development is hampered in
these soils.

Inter cropping : In Gujarat, castor cotton and pigeon
pea are recommended as intercrop with groundnut in
3:1 row ratio.

Season : Groundnut is raised mostly as a rainfed
kharif crop, being sown from May to June,
Depending on the monsoon rains. Where the monsoon
is delayed, it is sown as late as July. As an irrigated
crop in summer, it is grown to last week of January
to first fortnight of February and as pre-monsoon
sowing, between last week of May to first week of
June.

Pre tillage : During the month of May, cross
cultivator, harrowing and smothering operations should
be carried out. Furrow opening as recommended
distance is done and leave the soil up to sowing.

Variety

Spreading type: GAUG-10, M-13, GG-11, GG-13

Semi-spreading types: GG-20, GG-21

Spanish bunch: GG-2, GG-5, TG-26, GG-7, TPG-
41

Manure and Fertilizer : Generally, the following
fertilizer schedules are recommended.

Rainfed crop : FYM 10 t/ha, 12.5 kg N and 25.0 kg/
ha P.

Irrigated crop (Summer) : FYM 12.5 t/ha, 25.0  kg
N and 50.0 kg/ha P.

The application of Rhizobium culture as seed
treatment is beneficial in increasing nodulation and
nitrogen fixation. The application of gypsum at 2.5 ton
per ha should be applied before the sowing

Seed rate and spacing : Well defiled kernels should
be selected and treated with 5g of thiram or 3g of
Captan per kg of kernels. The kharif crop is sown
with a speed-drill or with a suitable planter at a depth
of 8 to 10 cm. spacing adopted differs to types of
variety. Seed rate and spacing should be adopted as
specified below:

Types of varieties Spacing (cm) Seed rate (kg/ha)

Kharif

Spreading 75.0 85-100
Semi- spreading 60.0 120-125
Bunch 45.0 120

Summer

Bunch 22.5-30 125

Inter-culturing and weeding : Weeds cause
considerable reduction in yield. A reduction of 20 to
45% in yield due to weeds has been recorded. For
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controlling weeds and also to keep the soil in a friable
condition, the crop should generally receive a hand-
weeding and two or thee hoeing, with bullock-drawn
implements, the first about three weeks after sowing
and the second and the third about a fortnight and a
month later. Inter culturing should not done after the
pegs to commence and going underground. Earthing
up can be done in the case of bunch and semi-
spreading types to facilitated the maximum penetration
of the pegs into the soil.

Weeds can also be controlled effectively with
Lasso or Tok-E-25 weedicides @ 5 litres or
Pendimethaline @ 3 litres or Fluchloraline @ 2 litres
in 500 litres of water per hectare as a pre-emergence.
The weedicide should be sprayed within two days after
the groundnut sowing.

Irrigation : In Kharif, while dry spell of rains is
occurred at flowering, pegging and pod formation
stage, supplemental irrigation should be applied, if
water is available. For the summer groundnut, the
frequency of irrigation depends on soil type with 8 to
12 days interval

Harvesting : The prominent symptoms of maturity
are the yellowing of leaves, the shedding of older
leaves, the development of proper color of the testa
and the dark tint inside the shell. The bunch varieties
are usually harvested by hand pulling when there is
adequate moisture in soil. The semi spreading and
spreading types, can be on the other hand, are
harvested by digging with a manually or blade harrow
drawn by bullock or tractor. The pulled out plants are
stacked for a few days for drying and stripped
afterwards.

Cleaning and Storage : The stripped pods are
cleaned and dried to safe moisture content. If damp
nuts are stored, they might be ferment and allow the
development of poisonous moulds, e.g. aspergillus
flavus in the kernels and leading to contamination with
aflatoxin a health hazard both for human beings and
livestock. It is desirable to store groundnut in gunny
bags in a store room and periodically inspected to
ensure that there is no storage pest or decompose of
the stock.

Insect Pest

Leaf miner

• Carbaryl 50WP 0.2 per cent spray was found
to be most economical for controlling this
pest; or

• Spray Quinalphos 25 EC 2ml or
Methyldemeton 25 EC 1.6ml or Dimethoate
30 EC 2ml /lit of water.

• Install pheromone trap @ 5/ha for mass
trapping.

Caterpillar

Use pheromone traps (5/ha) to monitor moth
population.

• Use SNPV @ 250 LE (6X 10^9/LE)/ha or
B.t. @1 kg/ha, when large number of egg
masses and early instars larvae are noticed.

• Use 5% neem seed kernel extract on need basis.

• Apply Methyl parathion 2% dust @ 20 kg/ha
or spraying of monochrotophos 36 SL or
Quinolphos 25 EC @ 1500 ml or Endosulfan
35 EC @1250 ml or Trizophos 40EC @ 800
ml in 700-800 lit of water.

Aphids/ Jassids / Thrips 

• Seed treatment with Trichoderma viride @
4 gm/kg seed.

• Apply NSKE 5% (Neem seed kernel extract)
to control sucking pests.

• Young crop may be applied with
Monochrotophos 36SL 600ml/ha or Dimethate
30 EC @ 650ml/ha in 600 liter water.

• Dusting of Endosulphan 4% dust at 1 kg a.i.
/ha would be effective in controlling aphids.
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Termites (Odontotermes spp)

• Apply chlorpyriphos 20 EC or Lindane 1.3%
to control termites.

• Or apply dust of chlorpyriphos @ 30-40 kg/
ha in soil before sowing.

• Seed dressing with insecticides such as 6.5ml
of chloropyriphos /kg of seed may reduce
termite damage.

White grubs  (Holotrichia consanguinea,
Holotrichia serrata)

• Spraying the trees close to the field with
Chlorpyriphos 20 EC @ 2 ml/lit of water soon
after first monsoon showers for 3-4 days in
the late evening hours kills the adult beetles
and reduces root grub infestation.

• Seed treatment with chlorpyriphos 20 EC (6.5
to 12.5 ml/kg seed) is found effective.

• In case of severe infestation apply 10%
phorate @ 10 kg/ha

Disease

Leaf spot

• Foliar application of aqueous neem leaf extract
(2-5%) or 5% neem seed kernel extract at 2
weeks interval 3 times starting from 4 weeks
after planting is good.

• Spray carbendazim 0.1% or mancozeb 0.2%
or chlorothalonil 0.2%.

Rust (Puccinia arachidis)

• Foliar application of aqueous neem leaf extract
@ 2-5% is useful and economical for the
control of rust.

• Spray chlorothaalonil 0.2%; or mancozeb
0.25% or Hexaconazole/propaconazole to
reduce disease incidence.

Stem rot (Sclerotium rolfsii)

• Seed treatment with Trichoderma viride/
T.harizanum @ 4 g/kg seed and soil
application of Trichoderma viride/T.harizanum
@2.5-3.5kg/ha, preferably in conjunction with
organic amendments such as castor cake or
neem cake or mustard cake @ 500 kg/ ha.

• Seed treatment with 3 g thiram +
Carbendazim is recommended.

• Deep ploughing to bury surface litter,
cultivation of groundnut in flat or lightly raised
beds

Peanut Bud Necrosis Virus (PBNV)

• Groundnut should be intercropped with fast
growing cereal crops such as pearl millet in
7:1 ratio.

• Spray monocrotophos 1.6 ml or dimethoate 2
ml per lit. Water.

Yield : 1200-1800 kg/ha

Cotton

Gujarat is one of the main cotton producing states
in India. It covers about 16.97 lakh hectares under
cotton, producing 45 lakh bales of lint, 11 lakh tonnes
of cotton seed and 20-22 lakh tonnes of stalks,
aggregately valued at about 5000-6000 crores of
rupees. On the national basis, the state contributes
about 28 per cent of the total cotton produced in the
country from 19 per cent of the area under cotton.

Preparation of land : In case of normal monsoon,
the land should be prepared with one ploughing and1-
2 cross harrowing. This may help in conservation of
moisture in the soil. Deep ploughing after 2-3 years
with tractor drawn implements should be carried out.

Time of sowing : Normally, the crop is sown with
the onset of monsoon in the last week of June to first
week of July. Where irrigation facility is available the
crop may be sown during the last week of May to
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first week of June. Advance sowing of the crop will
give higher yield than normally sown crop.

Variety, seed rate and spacing : The seed
requirement of the variety mainly depends upon the
size of the seed and method and distance of sowing.
Spacing mainly depends on the growth habit of a
variety and in which condition it is to be sown i.e.
irrigated or rainfed. Normally, seed should be sown
at a depth of 4-6 cm according to availability of
moisture in the soil. The details of seed rate, spacing
and fertilizers for different cotton varieties are given
in Table-3.

Recently, introduction of Bt cotton in this zone,
large area of groundnut and hybrids and improved
varieties of cotton replaced. Generally farmers of this
zone adopt seed rate, spacing and fertilizers as per
recommendation for hybrids.

Fertilizer : The organic manure @ 12 tonnes/ha
should be applied as this will help in conservation of
moisture, increase, in aeration, soil drainage, microbial
activity and availability of nutrients. This will also help
in improvement of soil structure. The recommended
doses of inorganic fertilizers for different varieties are
given in Table 3.

Thinning and gap filling : To harvest good yield one
should maintain proper plant population in unit area.
For the purpose one should carry out operation like
thinning and gap filling as and when required.

Weeding and interculturing : The operation of
interculturing and weeding may be followed as per
one’s requirement. In case of chemical weed control,
the field should be sprayed with 2.80 litres/ha
Fluchloralin in 600 litre of water. If spraying is to be
done only on the rows of the crop, the quantity of the

Table 3. Seed rate, spacing and fertilizers for different cotton varieties

Sr. Varieties/ Seed rate(Kg/ha) Spacing (cm) Fertilizer (Kg N/ha)

No. Hybrids Basal dose Top dressing

Dibbling Drilling Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed

G.herbaceum (Open boll type)

1. Digvijay 4-5 8-10 150 X 30 90 X 30 50 20 100* 20

2. G.Cot.17, G.Cot.23 4-5 8-10 — 120-150 X 45 — 40 — 40

G.herbaceum (Closed and semi open boll type)

3. V -797 10-12 15-20 — 45 X 22.5 — 20 — 20

4. G.Cot.l3 & G.Cot.21 10-12 15-20 — 120 X 30 — 20 — 20

G.arboreum

5. G.Cot.15, G.Cot.19 3-4 15-20 — 60 X 15-20 — 12.5 — 12.5

G.hirsutum

6. Deviraj 8-10 12-15 120-150 x 60 — 25 — 50* —

7. G.Cot.1O 2.5-3.0 8-10 90x30 90x30 50 — 100* —

8. G.Cot.12 2.5-3.0 8-10 90x60 — 75 — 150* —

9. G.Cot.16 8-10 12-15 90-120 x 60-75 90X30 25 40 25 —

Intra hirsutum hybrids

10. G.Cot.Hy-6,8 and 10 3.0-4.0 — 90-120x45-60 90-120X30 80 60 240** 60

Desi hybrids

11. G.Cot.DH-7 and 9 3.0 — 90-120x60 90X60 40 60 120** 60

Note: *= Through two equal splits, **=Through three equal splits
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weedicide will be lesser i.e. 1litre/ha or 50 ml in 10
litre of water.

Irrigation : Where irrigation facility is available
irrigation should be given 3-4 weeks after last
effective rainfall. In black soils, generally, irrigation
should be given at an interval of 20-25 days. Whereas,
in sandy loam (GORADU) soils, it should be given at
15 days interval. Irrigation water can be saved by
irrigating the crop with alternate furrow method
without decreasing in yield as compared to 100%
irrigated area.

In rainfed cultivation when shortage of rainfall
occurs, crop should be irrigated with one or two life
saving irrigation.

Intercropping : In cotton, various intercrops like
Groundnut, Soybean, Urid and Mung are grown.

Plant Protection

(A) Pest management : IPM strategies to be adopted
for pest control are given as below:

1. Seed treatment with Imidacloprid 70 WS @
7.5 g/kg or Thiamethoxan 70 WS @ 2.8 g/
Kg seeds for control of early sucking pests.

2. Fixing of pheromone traps @ 5/ha for each
bollworms i.e. Spotted bollworm,
Helicoverpa, pink bollworm and Spodoptera
with the change of iures at every 15 days for
monitoring of bollworms incidence.

3. Mechanical control of early shoot borer i.e.
collection of withered shoots by spotted
bollworms with larvae and destroyed the same
for avoiding next generation multiplication.

4. Release of eggs/larvae of Chrysoperla @
10000/ha 2 times to control the sucking pests
and eggs of spotted bollworm and
Helicoverpa.

5. Need based application of Neem formulation
@ 1500 ppm or Neem seed kernel suspension
@ 5 %.

6. Release of Trichogramma @ 1.5 lakhlha at
peak bollworm infestation i.e. 5 to 6 times at
weekly interval depending upon pest pressure.

7. Spraying of ovicidal insecticides like Thiodicarb
@ 1.0 kg/ha or Profenophos @ 2.0 L/ha
when peak egg population observed.

8. Spraying of HNPV @ 450 LE/ha for
Helicoverpa and 250 LE for Spodoptera 1
to 2 times if required.

9. Sowing of Maize/Jowar as intercrop (10 rows
of cotton and 1 row of maize/jowar) for
conservation of parasites and predators and
these also work as a bird percher.

10. Raising of Marigold and Castor in and around
the field as a trap crop for monitoring and
control of Helicoverpa and Spodoptera,
respectively.

11. Need based application of systemic
insecticides viz., Imidacloprid 200 SL @ 100
ml/ha or Methyl-O-demeton 25 EC @ 1000
ml/ha or Thiamethoxam 25 WC @ 100 ml/ha
or Acetamiprid 25 SP @ 50 gm/ha for control
of sucking pests if required.

12. Need based application of insecticide
viz; Endosulfan 35 EC @ 2.0 L/ha or
Chlorpyriphos 20 EC @ 2.5 L/ha or Polytrin
C 44% EC @ 1.0 L/ha or Spinosad 48 SC
@ 150 mllha or Rimon 10 EC @ 1.0 L/ha.

13. Need based application of synthetic pyrethroid
viz; Cypermethrin 25 EC @ 0.5 L/ha or
Fenvalerate 20 BC @ 0.5 L/ha or Bulldock
2.5% @ 0.720 L/ha

14. Hand collection and destruction of full grown
larvae, flared squares, buds, bolls and egg
masses and grown up larvae of Helicoverpa
and Spodoptera

15. Regular visit of trap crop Marigold and castor
for monitoring the laying of eggs and larvae
emergence in any.



Efficient Alternative Cropping Systems

294

(B) Disease Management

1. Bacterial Blight: Seed should be delinted with
Sulphuric acid @ 100 ml/Kg of seed. Then
dried seed should be treated with any of
mercurial fungicide @ 2 gm/Kg of seed. If
disease is observed in standing crop then
follow the spraying of Streptocyclin 0.005%
+ Copper oxychloride 0.25%, 2-3 times at 15
days interval.

2. Root rot: To decrease the incidence of the
disease, follow cultural practices like crop
rotation, green manuring, irrigation at short
interval, use of organic manures, mix/inter
cropping of kidney bean (MATH) etc. Pour
the affected plants with Zineb 0.2% solution
then apply urea fertilizer.

3. Alternaria leaf spot: Seed treatment as
described in bacterial blight. In initial stage of
the disease, crop should be sprayed 2-3 times
at the interval of 15 days with 0.2% Zineb or
Mancozeb.

4. Grey mildew: In initial stage of the disease,
crop should be sprayed 2-3 times at the
interval of 15 days with Kuman or Kosan.

5. Leaf curl: To control the disease one should
uproot the diseased plants weeds etc. and
control the transmitters like whitefly.

Harvesting : Cotton is harvested in three to four
pickings by hands as the bolls mature. Pickings should
be done when bolls begins to fully burst and kapas
beings to hung down. The kapas thus picked should
be spread in the sun to dry for two to four hours on a
clean surface, soon after the last picking, pull out the
cotton sticks along with the roots from the field and
burry the remaining plant debris with a soil turning
plough as a sanitary measures against the pests and
diseases, Recently left over plant residues are
incorporated in soil by rotavator.

Yield

Hybrids- 2500-3000 kg/ha seed cotton

Deshi- 1200-1500 kg/ha seed cotton

Bt. Variety-2500-4000 kg/ha seed cotton

Sesamum (TIL)

Sesamum is commonly known as til which
provides the important edible oil. It is grown in
different seasons and regions of the country. The crop
is also grown more than one season in the same
region.

Kharif: July – August to November - December
under rainfed conditions.

Rabi: Between November and January – February

Summer: Irrigated crop between March -June

Sesamum is basically a crop of warm regions of
the tropics and sub-tropics. It grows in plains as well
as up to an elevation of 1230 m. It requires fairly hot
conditions during growth for maximum yield. A
temperature of 25 to 27ºC encourages rapid
germination, initial growth and flower formation.
Sesamum is extremely susceptible to water logging
and heavy continuous rains.

Soil : Well-drained light to medium textured soils is
preferred. Under irrigated conditions, the crop can
effectively be grown under medium textured soils.
Very sandy, alkaline and acidic water logged soils are
not suitable for its cultivation.

Pre tillage : Seeds of Sesamum are very small in size;
therefore, the seedbed should be fine, firm and
compact for good germination of the seeds. Usually,
cross cultivator and blade harrow brings the field in
good condition for sowing. Field should be prepared
in the first fortnight of May.

Varieties

Maturity of 85-90 days : Gujarat til-1, Gujarat til-2 and Mrug-1

Maturity of 120 days : Purva til-1

Sowing time

Kharif: Onset of the monsoon (June or July)

Semi-rabi: 5th August to 10-15th September
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Rabi: October to November in south India.

Summer: Last week of February

Sowing method : The crop is generally broadcast.
To obtain higher yields and to facilitate inter culturing
operations, line sowing at 45cm between two rows is
recommended. The depth of sowing should not be
more than 2-3 cm.

Seed rate : 2.5 to 3.0 kg/ha (drilled crop)

Spacing : 45 cm. X 15 cm.

Seed treatment : Treat the seeds with Thiram or
Captan @ 2-3 g/kg of seeds for the control of leaf
spot disease.

Thinning : This is an important low cost input, which
should be done scrupulously. The first thinning is to
be done by the end of second to third week of sowing.
Excess populations will results in poor capsule setting

Manures : Well decomposed FYM @ 8-10 MT/ha

Fertilizers : 25-25-0 NPK kg/ha. Seeds are treated
with azospirillum and phosphorus solubilizing bacteria
@ 125 g/kg seed.

Irrigation : Usually, kharif and semi-rabi crop is
grown as rainfed. But the crop is very susceptible to
drought in various physiological growth stages. If dry
spell prolonged, the supplementary irrigation should be
given to the crop First irrigation should be given to the
crop at 25 to 40 days of sowing. Second and third
irrigations should be given at flowering (45-50 DAS)
and pod development stages (65-70 DAS).

Weeding and inter culturing : During kharif
season, the sesamum is usually heavily infested with
weeds. The slow initial growth of sesamum seedlings
makes them poor competition with more vigorous
weeds. First and second weeding should be done about
20-25 and 40-45 days after sowing, respectively. Two
to three inter culturing should be done as and when
required. Weeds can also be controlled by the use of
herbicides like Basalin @ 1 kg a.i. /ha in 800-1000
litres of water as pre-planting. Two hand weeding and

two inter culturing at about 30 and 45 days after sowing
is effective in controlling the weeds.

Thinning : When plant attains about 12 to 15 cm
height, thinning should be done by keeping one plant
at 10 to 15 cm intra-row spacing.

Plant protection measures

Insects

Leaf roller

Spray Quinalphos 25 EC or Carbaryl 50WP 0.2
per cent

Diseases

Phyllody, Leaf spot disease

Harvesting : The plants leaves and capsules show
the symptoms of yellow colour at maturity. The whole
plant is cut with the help of sickle and plants are tied
into small bundles. Stack the bundles erect on the field
or on the threshing yard up to five to seven days for
drying. The dried bundles are shaking to separate out
the seeds. This procedure is followed for two to three
times till the seeds are separated from all the capsules.
If the harvesting is delayed, seed shattering from the
dried capsules may occur and ultimately resulted in
the yield loss.

Mixed cropping and crop rotation : Kharif
Sesamum is usually grown both as pure and mixed
crop. It can be also grown as inter crop with groundnut
(2:6), black gram (1:3) and pigeon pea (3:1).

Yield : 400 to 800 kg/ha

Wheat

A turning point came in the history of wheat in
1965 with introduction of dwarf, photo insensitive, high
yielding Mexican wheat breeding materials developed
by Dr. N. E. Borlaug. In India, wheat is grown over
an area of 23.61 million hectares with total production
of 44.25 million tonnes of grains annually which stands
first among all cereal crops in respect of production.
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In Gujarat, about 75 to 80 per cent wheat is grown in
irrigated areas.

Climate : Wheat crop has wide adaptability with
grown in the tropical, sub-tropical and temperate zone.
Dry and cool weather is most suitable for this crop.

Soil requirements : Wheat does best on well-drained
fertile, clay loam, loam to medium black soils. Heavy
soils with poor drainage are not suitable due to sensitive
to water logging.

Land Preparation : Wheat requires a well pulverized
but compact seedbed for good and uniform
germination. Field should be prepared with cross
cultivator and blade harrowing

Time of sowing : Time of sowing is one of the
important aspects for obtaining good yield of wheat.
It depends mostly on soil temperature, irrigation
facilities and duration of the varieties. Normally, wheat
is sown during the 1st to 3rd week of November. In
late sowing, only short duration varieties should be
grown because of comparatively less reduction in their
yields as compared to medium and late duration wheat
varieties.

Method of sowing : Crop is sown by automatic seed
drill drawn by bullock / tractor. Depth of sowing is a
critical for dwarf wheat, because coleoptiles is short
in length and hence dwarf wheat should not be sown
deeper than 4 to 5 cm in the soil, other wise emergence
become poor.

Spacing : Generally, sowing is done at 22.5 cm row
spacing. Some farmers are grown as 45cm with 9cm
spreading of seeds in row.

Seed rate

• Normally seed rate is depends on the size or
weight of seeds.

• It is recommended the seed rate of 120 to 125
kg/ha

• Seed rate should be kept 25 per cent higher
than recommended seed rate under late sown
conditions.

Seed treatment : Seeds should be treated with
fungicides like Captan or Thiram @ 3 g per kg of
seeds for controlling soil borne diseases like root rot
and seedling rot. In areas having light, sandy and
Goradu soils where termite is a serious problem, the
seeds should be treated with Chlorpyriphos (450 ml
for 100 kg seeds) in 5 lit. of water. Treatment should
be given at previous night and treated seeds should
be dried over night period and used for sowing in next
day morning.

Manures and fertilizers : Well decomposed FYM
@ 10 MT/ha should be applied and incorporated in
the soil at the time of field preparation.

N P2O5 K2O Stage of
(kg/ha) (kg/ha) (kg/ha) application

60 60 0 Basal

60 0 0 20-25 DAS

Urea fertilizer should not be used for basal
application and so urea is splited in equal three doses
at an interval of 20days. In salt affected soils, Calcium
@ 1.25 tonnes/ha should be applied at every two to
three years interval in form of gypsum to improve the
soil structure.

Irrigation : Irrigation should be given at the following
critical growth stages. Additional irrigations are also
given according to soil and climatic conditions.

In wheat, water plays vital role for higher yield.
Irrigation should be applied at critical stags i.e Pre-
sowing, CRI. Tillering, Jointing or Boot, Flowing, Milk
stage and Dough stage. In Saurashtra region having
medium black soil, wheat requires 9-11 irrigations each
of 50 mm water depth. First irrigation before sowing,
second at 7 DAS and subsequent 8 irrigations should
be given at 8-10 days interval.

Interculturing and weeding : In wheat, interculturing
dose not carried out but one or two hand weeding are
commonly done or. Selective herbicides like
Pendimethaline @ 0.5 to 1.0 kg/ha in 600 lit. Of water
as pre-emergence or 2-4-D sodium salt @ 960 g/ha
is sprayed to control initial and post weeds.
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Harvesting : The crop is harvested when grains
become hard, straw become golden yellow, dry and
brittle. The plants are harvested manually with the help
of sickle early in the morning. Harvested plants are
tied into bundles and then carry to threshing floor for
heaping. To day, wheat is harvested by mechanically.

Yield : 2500-5500 Kg grain /ha.

Onion

Soil type : Well drain, medium black, sandy loam and
loamy soils are suitable

Variety : GWO-1, Pilli Patti, Talaja Red, AGFL-Dark
Red and AGFL-Red

Seed rate : 8-10 Kg / ha

Sowing Time : Sowing in nursery 20th September to
10th October and Transplanting of 45-50 days of
seedling

Sowing Distance : 15cm x 10 cm or 10 cm x 10 cm

Seed treatment : Thiram or Carbendezim or
Mancozeb @ 3 to 4 g / 1 Kg seed

Manures and Fertilizers

FYM: 20 t / ha

Fertilizer: @ 37.5-60-50 NPK Kg / ha basal
dose at Transplanting. 37.5-00-00 Nitrogen Kg / ha
at 30 days after Transplanting

Weed control : Two hand weeding is carried out to
control the weeds. Fluchloralin @ 2.0 litre / ha in 500
litre of water before one week of transplanting is used
for removal of weeds.

Irrigation : 8-10 days interval

Crop Protection

Disease

Purple blotch: Total three Spraying of
Dimethoate or Methyl O dematon @ 10 ml / 10 litre
of water at 15 days interval.

Insect management

Thrips: Spraying of systematic insecticide viz.
Dimethoate or Methyl –O- dematon @ 10 ml in 10
litre water

Harvesting : 135-145 days after transplanting

Yield : 40000 to 50000 Kg / ha Bulbs

Castor

Castor is grown under varied conditions of climate
including tropical, sub tropical and temperate. Castor
is an important industrial non-edible oilseed crop. India
ranks first in the world in respect of acreage (5.4 lakh
hectares) and production (2.6 lakh tonnes) in the
world. While the Gujarat state ranks first position in
the country with respect to area and production and
productivity among all major castor growing states in
the country. Because of its deep root system, drought
hardiness and quick growth, it finds a place of prestige
in the cropping systems of dry land agriculture.

Climate : Castor requires a moderately high
temperature 20 to 27 °C with low humidity throughout
the growing season. It grows best in areas where there
are clear warm sunny days. Prolonged cloudy weather
with high temperature at the time of flowering resulted
in poor seed setting, which is known as sex reversion.

Soil : Castor can be successfully grown on any type
of soils except clays as the castor crop is highly
susceptible to water logged conditions. The crop
cannot tolerate alkalinity of soil but withstand slight to
moderate acidity of soil.

Field preparation : Castor being a deep-rooted crop
requires well-prepared seedbed (deep rooting
medium). Deep ploughing with cross cultivation and
blade harrow in summer is necessary to break up any
compact layer in the soil so that roots can penetrate
deep in the soil to obtain moisture from deep layer of
the soil during dry periods.

Sowing time : For rainfed crop - onset of the monsoon
i.e. 15th June. Sowing after 20 July gives poor yield in
kharif crop.
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For irrigated crop – 15th July to 15th August

Varieties

Varieties GCH-3 GCH-4 GCH-6 GCH-7

Maturity (days) 140-160 160-200 150-180 160-180

Seed rate

For rain fed crop - 10 to 12 kg/ha

For irrigated - 5 to 7 kg/ha - by dibbling method
(As per spacing)

Seed treatment : Seeds should be treated with 1g
Bavistin or 3 g Thiram /kg of seeds for controlling seed
and soil borne diseases.

Spacing : In poor soil - 90 cm x 20 cm under rainfed
and 90 cm x 45 to 120 x 60 cm under irrigated
conditions. The seeds may be sown at an 8 cm depth.

Manures and fertilizers

Manures

Well decomposed FYM @ 10 MT/ha

Fertilizers

Condition N P
2
O

5
K

2
O Stage of

(kg/ha) (kg/ha) (kg/ha) application

Rainfed 20 40 0 As basal application

20 0 0 At flowering stage
i.e. 45 DAS

Irrigated 37.5 50 0 As basal application

18.750 0 0 At flowering stage
i.e. 45 DAS

18.750 0 0 70-75 DAS

Irrigation : Castor is mostly raised under rainfed
conditions. However, it has been observed that it
responds very well to irrigation. For higher yields, 2-3
irrigations may be given in all or alternate row. Under

irrigated conditions, 8 to 10 irrigations at an interval
of 15 to 20 days should be given after cessation of
monsoon in South Saurashtra zone

Weeding and interculturing : Conditions during
kharif season are conducive to rapid and luxurious
growth of weeds. Weed competition period is found
between 15 to 45 Days. To control the weeds, 2-3
hand weeding, one at 30 days of crop growth and the
other after 60 days of crop growth should be given.
Three to four inter culturing should be carried out
before flowering stage. Weeds can be controlled
initially with application of fluchloralin or pendimethalin
0.9 kg/ha as pre-emergence blanket.

Plant protection measures

Pests

Semi looper, Capsule borer, Jassids, thrips and
whiteflies

Diseases

Bacterial leaf spot, Wilt

Nipping of axillary buds : If all axillary buds on the
main shoot are nipped soon after emergence of the
primary spike and thus a single main spike is allowed
to develop, not only the duration of the crop is reduced
but also yields are increased substantially.

Harvesting : It takes 145-280 days to mature.
Harvesting is done when capsules turn yellowish.
Generally two to three pickings may be needed for
harvesting the entire crop. The spikes should be dried
in the sun light for four to five days and then threshed
by beating the dried capsules with wooden sticks. The
main spike is ready for harvest at 90 to 100 days and
remaining spikes should be harvested at an interval of
15 days according to their maturity. Harvested
capsules should allow drying under sun light for 5 to
6 days before threshing.

Yield

1000 to 1200 kg/ha (Rainfed crop)

2000 to 4500 kg/ha (Irrigated crop)
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The bloom or waxy coating found on the stem and
certain parts of the castor plants is a natural protection
to the plants both from pests and diseases and drought.

Summer Greengram

Greengram is important pulse crop contains 22-
25 % protein. It is cultivated during summer season
as catch crop to increase the system productivity.

Field preparation : Summer green gram needs fairly
deep, well drained soil which should be free from salt.
During summer season, a thorough preparation as well
as pulverized seed bed which is prepared by giving 2-
3 cross harrowing followed by planking. The seedbed
must be free from stubbles and weeds.

Important varities : Gujarat Moong-2, Gujarat
Moong-4 and K-851.

Seed rate and sowing : Green gram is grown in last
week of February to first week of March keeping 20
kg seed ha-1 at 30 to 45 cm row spacing. Therefore,
short growing season can be efficiently utilized due
to their short duration nature.

Fertilizer management : Green gram being a
leguminous crop, it needs less nitrogenous fertilizer.
But as a starter dose 25 kg nitrogen and 50 kg P

2
O

5

ha-1 must be applied as basal.

Irrigation management : Summer season is sown
after applying pre-sowing irrigation and afterwards six
irrigations of 50 mm depth should be applied at an
interval of 7-8 days.

Weed management : The initial growth of summer
green gram being slow therefore, the crop usually
suffers from a severe weed competition up to 35 days
which cause drastic reduction in yield. Therefore, two
hand weeding and interculturing should be done at 20-
25 DAS and 35-40 DAS. If labours are not available
and costly, the weeds can be managed by use of pre-
emergence application of fluchloralin @ 2 kg ha-1.

Plant protection measure : Summer green gram is
rarely affected by insect, pests and diseases due to
favorable climatic condition for growth and
development of the crop. The important insect, pest
and diseases with control measure are as below

Diseases : It is attacked by yellow mosaic, powdery
mildew and leaf spots. Yellow mosaic is transmitted
by whitefly, hence, spraying of systematic insecticide
to control. To control powdery mildew disease, spray
Carbendanzim 50WP @ 0.07 % twice at 15 days
interval after appearing disease.

Pests : Pests of summer green gram are jassids,
aphids, whitefly and pod borer. The sucking pests are
controlled by spraying systematic insecticide like
Dimethoate 30EC, Metasystox 25 EC and Dimecron
35 EC. In order to control the pod borer, Endosulphan
35 EC should be sprayed at 50 per cent flowering.

Harvesting : In green gram, harvesting should be
done when pods turned black in colour. Two to three
pickings are done. Picking should be carried out during
morning hours. Threshing should be done in threshing
yard and seeds are separated and cleaned.

Yield : 800 to 1200 kg / ha

Bajra (Pearlmillet)

Pearl millet is one of the major coarse grain crops,
which does well even under adverse conditions of
weather. It provides staple food for the poor in a short
period in the relatively dry tracts of the country. It is
the most drought tolerant crop among cereals and
millets. In Gujarat, pearl millet is cultivated in about
13.09 lakh hectares with an annual production of about
13.8 lakh tonnes. The production of pearl millet
fluctuates with the vagaries of monsoon and incidence
of diseases.

Climate : Pearl millet is a rapid-growing warm
weather crop suitable for areas with 40 to 75 cm of
annual rainfall. The rainfall at flowering time is
harmful as it washes off the pollen and consequently
there is poor seed setting. It has a high degree of
resistance for drought conditions. The crop does best
under conditions of light showers followed by bright
sunshine. The best temperature for the growth of pearl
millet is between 20 to 28 ºC.

Soil requirements : It does best on well-drained
sandy loam soils. Pearl millet is sensitive to water
logging and acidic soils.
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Field operations : Field should be cultivated either
by tractor drawn cultivator twice followed by
harrowing to make the soil friable. While leveling the
field, care should be taken to ensure that rainwater
does not stagnated but drain out easily.

Sowing time : Sowing should be done with onset of
monsoon i.e. 15th June to 15th July. In rabi, October
sowing is better. Summer pearl millet should be sown
in the last week of February to first week of March.
Timely sowing reduces the incidence of insect-pests
and diseases and results in higher yield.

Varieties : GHB-316, GHB-538, GHB-558 and GHB-
771.

Method of sowing : Sowing is done by (1) seed drill
(2) broad cast method and (3) transplanting. Sowing
with the help of seed - drill in lines about 4 cm deep
is the best method, which provides good germination
and ultimately uniform plant population.

 Timely sowing of pearl millet may not be done
due to several unavoidable reasons such as late
harvesting of preceding crops at this time transplanting
is the good alternate. Transplanting has the following
distinct advantages.

1) Crop matures earlier and the low temperature
late in the season has no adverse effects on
grain setting.

2) It produces more tillers and ears owing to
better growth.

3) Optimum plant population is ensured.

4) Crop gets a better start because three weeks
age old seedlings are able to withstand
frequent rains.

5) Downy mildew infested seedlings are rejected
at the time of transplanting.

Raising seedlings : Prepare flat seed beds of 1.2 x
7.5 meters, the seeds should be sown in rows 10 cm
apart and at 1.5 cm depth. About 2 kg seed of pearl
millet is sown in 5 to 6 seed beds are in nursery to
get seedlings for one hectare. To give better start to

the seedlings, apply 5-10 kg N in the nursery. The
seedlings are uprooted and transplanted after three
weeks. Remove top portion above the growing point
so as to minimize the transpiration from the seedlings.
Transplanting should be done preferably on rainy days.
Irrigate the field to help seedlings to establish if there
is no rain.

Seed rate : 3.75 kg/ha

Seed treatment : If there is a possibility of ergot
being mixed with seeds, dip the seeds in 20 % salt
solution (NaCl). The ergot-infested seeds would float
on the surface that should be removed and burnt. The
sound seeds that settle at the bottom should be washed
thoroughly with fresh water and dried in shade. After
drying the seeds, it should be treated with Thiram/
Dithane M -45 @ 3 g per kg of seed. Pearl millet
seeds should be inoculated with Azotobacter or
Azospirillum culture to save nitrogen requirement.

Spacing : Pearlmillet can be raised at 45 to 60 cm
row spacing with maintaining intra-row spacing of 12
to 15 cm at the time of thinning.

Manures and fertilizers

Manures

Well decomposed FYM @ 8 tons /ha should be
applied and incorporated in the soil during field
preparation.

Fertilizers

40-40-00 N P
2
O K

2
O kg /ha As basal

40-0-0 N P
2
O K

2
O kg /ha at 30 days after sowing

Irrigation : In rabi and summer, about 8 to 10
irrigations are required as depend upon the soil type,
irrigation availability etc.

Thinning - gap filling : Thinning and gap filling should
be done at 21 days after sowing, when there is
sufficient moisture in the soil. Gap filling should be
done with thinned plant if gaps are found in the field.

Weeding : The weed infestation is severe during 3-
5 weeks after sowing. Therefore, timely control of
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weeds is essential to get higher yield. For this, two to
three interculturing and two hand weeding proved
beneficial. Under such circumstances, effective way
to control weeds is use of herbicides. Atrazine @ 0.5
to 1.0 kg/ha in 500 litres of water as pre or post
emergence application can effectively control most of
the monocot or dicot weeds.

Plant protection measures

Major insects

White grubs, hairy cater pillar, grass hopper, shoot
fly, stem borer, earhead worm and bristle bittle.

Major diseases

Downy mildew, ergot, smut, rust.

Harvesting and threshing : Harvesting is done by
cutting the whole plant or by nipping the ear heads
first and then cutting the plants later on. The ear heads
should be dried and then grains are separated either
by beating the ear heads with stick or by trampling
under the bullock feet. The threshed grain should be
cleaned and dried in sun to bring the moisture content
down to 8-10 % for safe storage.

Yields : 2500 to 3500 kg/ha grain and 8000 to10000
kg/ha dry straw in case of improved cultural practices
under irrigated conditions.

Contingency planning

Generally South Saurashtra Agro climatic Zone
faces aberrant weather conditon which is dependent
on behavior of monsoon. Some time, monsoon
received early with long dry spell, sometime late onset
of monsoon results in delayed sowing causing
reduction in production. Sometime, it withdraws early
resulting in moisture stress at grain development and
maturity giving very low yield. Therefore, in order to
utilize the available weather situation, it is necessary
to have contingency planning for successful and
sustainable crop production. Selection of crops and
their varieties based on aberrant weather situation is
a very important aspect of crop production. Therefore,
selection of crop and varieties should be made
depending upon weather situation. Important crops and

varieties suitable for different weather situations are
as under.

I. Normal rains

1. Pearl millet : GHB-558,GHB-538, GHB-719

2. Sorghum : CSH-5 and CSH-6

3. Cotton : Hy.cotton-6,8 and 10

4. Groundnut :

Bunch type : GG-2.GG-5,GG-6 and GG-7

Spreading type : GAUG-10, GG-11,GG-12 and GG-13

Semi Spreading : GG-20

5. Castor :  GCH-4, GCH-5, GCH-6, GCH-7

6. Green gram : GM-1 ,GM-2 GM-4 and K-851

7. Black gram : T-9, GU-1

8. Sesame : Gujarat Til-2

9. Pigeonpea : BDN-2, GTH-101, GT-100

Other suggestions

1. Land shaping and soil conservation including
contour bunding should be practiced on a
watershed basis.

2. Adequate water harvesting and water storage
practices should be adopted for use at later
stages as supplementary irrigations.

3. Land preparation operations should be
completed before on-set of monsoon so that
timely sowing can be done with soaking rains.

4. Set rows if practiced should be across the
general slope of the field.

5. Organic manure like F.Y.M. and compost
manure and recommended doze of fertilizer
should be applied.

6. Sowing of groundnut, pearl-millet, sorghum
and cotton with the onset of monsoon is quite



Efficient Alternative Cropping Systems

302

necessary. Proper plant stand establishment
will help in making full use of limited
water available for the crops.

7. Inter-culturing and weeding should be done
timely

8. Seed treatment and timely plant protection
measures should be adopted.

9. Mixed/inter-cropping system should be
included in the farm planning

1. Cotton + groundnut in 2:1 ratio

2. Groundnut + pigeon pea in 3:1 ratio

3. Pearl millet + Pigeon pea in 2:1 ratio

II. Normal onset of monsoon followed by long
gaps in rainfall

Under this type of situation, if the first crop fails,
the following crops can serve as mid-season
corrections.

(i) Sorghum : CSH-6, GFS-4

(ii) Sesamum : Gujarat sesame – 1

(iii) Castor : GAU-CH-1,GCH-4,GCH-
5,GCH-6

After a long gap if rainfall is received towards the
end of August or early September, following crops can
be taken.

(i) Sesamum : Semi rabi (Purva-1)

(ii) Sorghum : Fodder type

(iii) Pigeonpea : BDN-2, As a relay crop in
groundnut

Other Suggestions

(i) Thinning of seedlings within rows in case of
moderate dry spell and thinning of alternate

crop rows in the event of acute dry spell will
be useful to cut down the competition for
limited moisture.

(ii) Give protective irrigations to groundnut, pearl
millet, sorghum and cotton in order of
preference during dry spells if irrigation supply
is available.

(iii) Transplanting in Bajra and sorghum to fill up
gaps when conditions are favourable.

(iv) Give a top-dressing spray of nitrogen
immediately rains following the stress period.

III. Delayed on set of monsoon

(i) When there is a failure of rain during June and
early part of July but normal rains are received
during late July, crops suggested are:

(a) Sorghum : CSH-6, CFS-4

(b) Black gram : T-9

(c) Green gram : Gujarat-2, GM-4

(d) Sesamum : Purva-1

(e) Castor : GAU-CH-1, GCH-4 and GCH-
6

 Under delayed rainfall conditions, sorghum is
better than pearl millet.

(ii) If rains are delayed beyond the end of July,
then following crops should be sown.

(i) Sesamum : Purva-1

(ii) Castor : GAU-CH-1, GCH-4, GCH-6

(iii) Sorghum : Fodder type

(iii) If rains are delayed till last week of July, it is
not suggested to sow groundnut, pearl millet
or sorghum.
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IV. Early stoppage of rains towards the end of
monsoon

(1) Thin the plant population

(2) Minimize evaporation losses through complete
removal of weeds.

(3) Soil cracks should be closed by inter-culturing
operations.

(4) Apply supplemental irrigation if available

(5) Harvest at intervals as the plants show
physiological maturity.

(6) Run-off collections in the early part of the
monsoon can be used for supplemental
irrigation in the later part of the crops life
cycle.

V. Satisfactory late rains

Rainfall received during extended monsoon season
can be utilized to take a rabi crop. Some-times,

satisfactory late rains are received during end of
September or in early October. To take advantage
under such situations, it is recommended to adopt the
following practices.

(1) Relay cropping of safflower, sunflower, fodder
type of sorghum and mustard.

(2) Second crop like safflower, sunflower, gram
and mustard after harvesting of early kharif
crops.

(3) Ratooning of hybrid sorghum

(4) Crops possessing deep root system, less water
requirement, early maturing and minimum risk
involving should be selected.
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ARID WESTERN PLAIN ZONE OF
RAJASTHAN*

Diversification of cropping system is necessary to
get higher yield and return, to maintain soil   health,
preserve environment and meet daily requirement of
human and animals (Samui et al., 2004). The popular
kharif crops grown in arid western plain zone are pearl
millet, mung bean, castor. sesame, moth bean and
cluster bean. Wherever, ground water is available for
irrigation during rabi chickpea, mustard, wheat, cumin,
chillies and Isabgol are grown under irrigated condition
(Anonymous, 2004-05). Pearl millet-wheat is the most
predominant cropping system of arid western plain
under irrigated situation due to its assured production
less affected by insect pest & disease and its suitability
to climatic conditions. However, the said system is less
remunerative due to low market prices of both the crops
and this system has negative impact on soil fertility.

Production potential and yield gaps

Following is production and yield gap potential &
yield gap of pearl millet-wheat in the arid western plain
zone.

ZONE 14. WESTERN DRY REGION
This zone mainly represents the 9 districts of Rajasthan. Based on the studies conducted

at farmers field and other studies in the area were synthesized and presented here. Only one
on-farm centre was located in this zone. The information relevant to Arid Western Plain
Zone of Rajasthan is discussed here.

● Arid Western Plain Zone of Rajasthan

* Contributed by Makkhan Lal, Surendra Singh, O.P. Gill and Ram Niwas Choudhary, AICRP on Integrated Farming System, Agricultural
Research Station (S.K. Rajasthan Agricultural University), Durgapura, Jaipur (Rajasthan)-302018

Efficient alternative cropping systems

A field trial was conducted at Agricultural
Research Station, Mandore, Jodhpur for three
consecutive years (1996-97 to 1998-99). The soil of
the site was loamy sand in texture, slightly alkaline in
nature (pH 7.9) with low available nitrogen (231 kg/
ha), medium in available phosphorus (20.3 kg/ha) and
high in available potash (471 kg/ha). Nine cropping
sequences viz. Pearl millet-wheat, Pearl millet-
mustard, Pearl millet-Isabgol, Cluster bean-wheat,
Cluster bean-mustard. Cluster bean-Isabgol , Sesame-
wheat, Cluster bean-mustard, Sesame-Isabgol and
Caster sole were evaluated in raindomized block design
with four replications in a fixed site. The rainfall
received was 548 mm in 1996-97; 418 mm in 1997-98
and 210 mm in 1998-99.

Cluster bean equivalent yield (CEY) : A significant
variation in CEY was observed among the different
cropping systems (Table-1). The pooled mean yield of
different crops in various sequences and their
production in terms of cluster bean equivalent yield
were significantly the highest (3770 kg/ha) under the
sole castor  crop sequence followed by  cluster bean-
wheat (3428 kg/ha/day) and cluster bean-mustard
(3394 kg/ha/day). The lowest CEY was recorded in
case of sesame-mustard sequence. Similar results
were reported by Prasad et al.,(2002).

Economics : Data (Table-1) reveals that net returns
of different cropping sequences were significantly
affected due to crop diversification. The maximum net
returns (Rs 43275 /ha) was achieved under treatment
castor sole followed by cluster bean-mustard (Rs 35890

Yield (kg/ha)

Crop Maximum Average Gap Crop
yield
index

Wheat 4331 2182 2149 98.49

Pearl millet 2552 532 2020 20.85

Source:  Anonymous (2008-09). Rajasthan Agricultural Statistics
at a glance. Commissionerate of Agriculture, GOR, Jaipur
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/ha) and pearl millet-wheat (Rs 29583/ha). The
maximum B: C ratio was also accrued by the castor
sole (3.4) followed by cluster bean-mustard (3.2).
These results are in consonance with those of Subbiah
and Palaniappan (1992).

Efficiency : The computation of various efficiency
measures (Table-2) reveals that the maximum system
productivity (16.17 kg/ha/day) was obtained with cluster

bean-wheat sequence; however the maximum relative
production efficiency (31.84 %), land use efficiency
(65.75 %), economic efficiency (180.31 Rs/ha/day)
and employment generation efficiency (28.77 %) were
recorded by the sole castor. The highest irrigation water
use efficiency (14.95 kg/ha-mm) was observed by the
pearl millet-mustard sequence followed by clusterbean-
mustard.

Table 1. Yield and economics of different cropping sequences under diversification (Mean of three seasons)

S.No. Treatments Mean seed yield Cluster bean equivalent Mean net returns B:C ratio
(kg/ha) seed yield (kg/ha)  (Rs/ha)

Kharif Rabi

1. Pearl millet-wheat 2252 4331 2814 29583 2.3

2. Pearl millet-mustard 2482 2430 2691 25617 2.3

3. Pearl millet-Isabgo 2512 1236 2421 23168 2.4

4. Cluster bean-wheat 1120 4673 3428 38712 3.0

5. Cluster bean-mustard 1148 2694 3394 35890 3.2

6. Cluster bean-Isabgol 1130 1206 2847 29487 3.0

7. Sesame-wheat 429 4347 2805 25940 2.0

8. Sesame-mustard 404 2597 2750 23758 2.2

9. Sesame-Isabgol 389 1133 2217 17051 1.8

10. Castor sole - 4847 3730 43275 3.4

CD at 5% - - 1085 4477 -

Table 2. Efficiency measures of different crop sequence under diversification of predominant cropping system
(Mean of 3 years)

S.No. Treatment System Economic Irrigation water Land use Relative production Employment
productivity efficiency use efficiency efficiency efficiency generation
(kg/ha/day) (Rs/ha/day) (kg/ha-mm) (%) (%) efficiency (%)

1. Pearl millet-wheat 15.38 161.66 5.86 50.14 0 25.21

2. Pearl millet-mustard 13.13 124.96 14.95 56.16 -4.37 19.45

3. Pearl millet-Isabgo 12.42 118.81 8.07 53.42 -13.97 23.29

4. Cluster bean-wheat 16.17 182.60 6.35 58.08 21.82 26.85

5. Cluster bean-mustard 15.29 161.67 9.43 60.82 20.61 25.48

6. Cluster bean-Isabgol 13.43 137.09 5.93 58.08 1.17 26.30

7. Sesame-wheat 14.17 131.01 5.84 54.25 -0.32 23.29

8. Sesame-mustard 12.50 107.99 7.64 60.27 -2.27 22.47

9. Sesame-Isabgol 10.56 81.20 5.28 57.53 -21.22 24.11

10. Castor sole 15.46 180.31 5.15 65.75 31.84 28.77
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Soil fertility status : Cropping sequences significantly
influenced the available nitrogen and phosphorus
content of the soil (Table 3). However, the available
potassium content under various cropping systems was
non significantly affected. Inclusion of cluster bean in
cropping system leads to significant increase in available
nitrogen and phosphorus content of soil. The maximum
increase of 14 kg N and 5 kg P

2
 O

5
/ha was recorded

in cluster bean-Isabgol system. On the other hand
castor was proven soil depleting crop. The  gain in
nutrient status  of the soil in legume based cropping
sequences can be explained on the basis of atmospheric
nitrogen fixed in the photosynthetic  apparatus of the
leguminous crops, whereas  reduction in nutrient status
of soil in the plots having castor can be attributed to
very high biomass production by castor. These results
are in close conformity with the findings of Kumar et
al. (2000) in wheat based cropping sequence.

Package of practices

Cluster bean

Land preparation : One or two deep summer
ploughing is advisable during summer. Start field
preparation by 1-2 ploughing just after first monsoon
rains. Prepare the field by planking.

Seed treatment : To protct the crop from bacterial
blight treat seeds with streptocyclin 100 ppm or
Agromycin 250 ppm. Also treat seeds with Rhizobium
& PSB culture before sowing.

Seed rate & sowing : Sowing of cluster bean depends
upon onset of monsoon rains. However, sowing may
be done up to 30th   July. Use 15 to 20 kg seeds for one
hectare area. Keep crop geometry 30 cm x 10 cm.

Improved varieties :  RGC-936, RGC-986, RGC-
1003, RGC-1002, RGC-1017 are improved varieties
of cluster bean for this zone.

Fertilizer : Band placement of  10 kg nitrogen & 40
kg phosphate is recommended at the time of sowing

Weed Management : First hoeing & weeding is
recommended at one month crop stage. Second hoeing
& weeding may be done after 15-20 days of first hoeing
& weeding if required.

Irrigation : First irrigation may be given at 20 days
after sowing & second irrigation at pre-flowering
stage.

Plant protection : (a) Bacterial blight : To control
bacterial blight  spray 100 ppm  streptocyclin, (b)
Powdery mildew : Broadcast sulphur @ 25 kg/ha or
spray Karathion @ 1 ml per litre water.

Harvesting & threshing : Generally crop may be
harvested up to October.

Wheat

Land preparation : Field may be prepared by 1-2
ploughing.

Table  3. Changes in soil fertility status at the end of rabi
1999 under diversification of cropping sequences

Treatment Available Available Available
nitrogen phosphorus potash
(kg/ha) (kg/ha) (kg/ha)

Pearl millet-wheat 225 19.0 470

Pearl millet-mustard 230 19 470

Pearl millet-Isabgol 236 22 468

Cluster bean-wheat 240 22 464

Cluster bean-mustard 239 23 471

Cluster bean-Isabgol 245 24 470

Sesame-wheat 233 21 470

Sesame-mustard 230 21 468

Sesame-Isabgol 239 22 469

Castor sole 210 17 470

CD (P=0.05) 27.0 1.20 NS

On overall basis sole castor-fallow sequence
recommended as the most remunerative cropping
system for the farmers of Arid Western plain zone
under limited irrigated condition. Under limited irrigation
water condition cluster bean-wheat may be suggested
as the next best alternative for the farmers.
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Varieties : Raj-3077, Raj-3765,Raj-4037 & Raj-1482
are important improved varieties of wheat

Seed treatment : Treat seeds with 2 gm thiram or
2.5 gm Mencozeb per kg seeds. Also treat seeds with
Azotobacter & PSB culture for improving seed yield.

Fertilizer : Use 45 kg nitrogen & 45 kg phosphorus
at the time of sowing. In zinc deficient soil apply 25 kg
zinc sulphate per hectare.

Seed rate  & crop geometry : Use 100 kg seed per
hectare.

Weed Management : First hoeing & weeding is
recommended within 10-12 days of first irrigation. Pre-
emergence application of pendimethalin @ 0.75 kg i.e
/ha or post emergence application  of 2-4D ester  salt
@ 0.5 kg a.i./ha is recommended for  chemical control
of weeds in wheat.

Plant Protection

Termite : For the control of termite in wheat crop
provide Endosulfan 35 EC @ 3.5 litre or chloropyriphos
20 EC @ 4.0 lit./ha with irrigation water.

Shoot fly : Spray of Malathion 50 EC or quinalphos
25 EC @ 1.0 litre or Carboryl 50% @ 2.5 kg or
Endosulfan @ 2.5 litre per hectare is recommended to
control shot fly.

Molya disease : For the control of Molya disease
caused by nematode drill 45 kg  carbofuran 3G at the
time of sowing.

Harvesting : Harvest the mature crop with the help
of  sickle & sun dry

Castor

Land preparation : For a pure crop of castor the
land should be  well prepared by 2-3 ploughings
followed by planking  after each ploughing. Incorporate
8-10 ton well rotten FYM per hectare.

Improved varieties : Aruna,GCH-4,GCH-5, RCH-
1 are improved varieties of castor.

Seed rate : Use 12-15 kg per hectare under irrigated
situation. Keep row to row distance of 90 cm & plant
to plant distance  60 cm.

Sowing time : Right time for sowing of castor is from
first week of June to first week of July.

Fertilizer management : Under irrigated situation
80 kg nitrogen, 40 kg phosphorus is recommended.
Half dose of nitrogen and full dose of phosphorus may
be drilled at the time of sowing. Remaining amount of
nitrogen may be broadcasted at 35 & 90 days stages.

Irrigation : Provide first irrigation at 75 days stage.
Provide at least  5 irrigations at an interval of  25 days
under irrigated situation.

Weed  control : Weeds may be removed by hoeing
& weeding at 60 cm height of crop. To control weeds
through chemical  pre-plant incorporation of
fluchloralin @ 0.750 kg a.i. per hectare is suggested.

Plant protection

Gall midge, grass hopper & Diamond back Moth
: To control these insects broadcast endosulfan 4% or
quinalphos 1.5% or Melathion 5% or Methyl  Parathion
@ 20-25 kg/ha.

Leaf & pod borer : To control leaf & pod borer either
broadcast Methyl Parathon 2% or Melathion 5% or
Carboryl 5% @ 25 kg/ha or spray endosulfan 35 EC
or Melathion 50 EC @ 1.25 litre /ha.

Blight & Downey mildew : Spray Zineb @ 1.5 kg/
ha or Mencozeb @ 2.0 kg/ha at an interval of 15 days.

Powdery mildew : Dust 20 kg sulphur or spray 2.5
kg wettable sulphur or 750 ml Dinocap/ha
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ZONE 15. ISLAND REGION
This zone comprises Andaman-Nicobar Islands located in Bay of Bengal and Lakshdeep Islands

located in Arabian Sea. Only one centre of AICRP on IFS located in South Andaman at CARI, Port
Blair. The information generated over the years at CARI, Port Blair was synthesized and presented
here in respect to Island Region with special reference to Andaman-Nicobar Islands.

● Andaman and Nicobar Islands

* Contributed by N. Ravisankar, B. Gangwar#, D.R. Singh, V. Damodaran, S.K. Ambast and R.C. Srivastava, Central Agricultural Research
Institute, Port Blair – 744 101, Andaman and Nicobar Islands, India

# Project Director, Project Directorate for Farming Systems Research (ICAR), Modipuram, Meerut

ANDAMAN AND NICOBAR ISLANDS*

Andaman and Nicobar Islands comprise a chain
of 572 islands, islets, reefs and isolated rock exposures
spread in the Bay of Bengal. The geographical area of
the union territory is 824900 ha and 86.9 % of it is
under reserve and protected forests. Owing to number
of factors, hardly 4.8 % of the area is under cultivation.
Evaluation of cropping system for multiple cropping
and stepping up of crop production among rural
population through transfer technology formed the core
objectives for the agronomic research projects.
Maximizing the productivity and farm income are
mainly depends on effective management of natural
resources like weather, soil, land and labour present in
the island ecosystem. On an average, the islands
receive 3074 mm (Table 1) of rainfall distributed over
8 months. From June to September, the rainfall is
intense and may have even up to 30 rainy days per
month sometimes. From January to April, the rainfall
is scanty or nil, particularly in March. The undulating
terrain results in severe water crisis during the period
which is aggravated by higher evapotranspiration.
Presence of rich flora and fauna establishes that the
climate is congenial to many cultivated crops, livestock

and fisheries. At Port Blair, the rainfall exceeded 4300
mm in 1947 but it was as low as 1550 mm in 1979. The
usual range of wind speed is 5 to 15 kmph in different
months. The climatological normal of Islands are
presented in Table 2 which states that the wettest year
1961 received as high as 4370 mm of rainfall and driest
year 1979 received 1577 mm of rainfall. The heaviest
rainfall recorded in 24 hours is 374 mm during 1976.

Crop growing season in A & N islands can be
grouped in to wet and dry season. Wet season is
between May to November which receives almost 126
rainy days and the evaporation is much lesser than
rainfall during the period. The dry season is from
December to April which receives only 17 rainy days
and evaporation is much higher than rainfall making
crop production difficult. The soil temperature ranges
from 25 to 27oC at 5, 15 and 30 cm depth. Soil
temperature of the region is optimal for growing most
of the crops throughout the year. The topography of
A&N Island is undulating with a stiff terrain exposed
to soil erosion due to heavy rainfall.

Soil resources

The soil type of Andaman and Nicobar Islands
ranges from sandy clay to sandy loam. These have
developed under the dominant influence of vegetation
and climate over diverse parent material. The uplands
under forest cover are intensely leached, but runoff is
very high, wherever forest cover has been removed
completely. The valley floors comprise of depositional
landforms and have been termed as low lands and have
developed from the out wash of parent material from
the surrounding hills. These soils are medium to heavy
textured and moderately well drained and subjected to
seasonal fluctuations in ground water. Most of the soils
of these islands have medium to high organic matter

Table 1. Weather parameters of Andaman Nicobar
Islands

Average Rainfall (mean of 48 years) 3074.2 mm
Number of rainy days (mean of 26 years) 143
Mean minimum temp (mean of 48 years) 23.00 C
Mean maximum temp(mean of 48 years) 30.10 C
Mean relative humidity (mean of 31 years) 80 %
Mean wind speed (Mean of 22 years) 9.7 KMPH
Evapotranspiration 1588.2 mm
Mean daily sunshine hours (mean of 1 year) 6.16 h

(Ganeshamurthy et al., 2002)
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status indicating that the organic carbon is >0.5%.
Parts of south and middle Andaman has low organic
carbon status mainly because of severe erosion of the
surface soil caused due to extensive deforestation and
complete neglect of the deforested area. In general,
soil fertility analysis indicates medium in available N,
low in both available P and K.

Land Resources

Land resources indicate availability of hardly 4.8
% (Table 2) of geographical area for agriculture to
support the present population of 3.5 lakhs. The number
of farm holdings of Islands are 10382 out of which
semi medium (2-4 ha) are higher having average holding
size as 2.46 ha (Table 3). Medium farmers are having
average land holding of 4.31 ha.

Area, production and productivity of crops

Agriculture challenges the people of islands. The
area under cultivation is shrinking much faster. The
cultivated land available before Tsunami 2004 was
50000 ha which came down to 43339 ha. The area
under paddy has drastically come down from 12000
ha to 7685 ha due to submergence of low lying areas
or seawater intrusion. The major area is under
plantations with 20927 and 4046 ha under coconut and
arecanut (Table 4).

Table 2. Land utilization pattern of A & N Islands

Land use Area in Percentage
‘000 ha

Total geographical area 825

Reporting area for land 793 100.00
utilisation

Forests 695 87.47

Not available for cultivation 24 3.16

Permanent pasture and other 4 0.63
grazing lands

Land under misc. tree crops 16 1.77
& groves

Culturable wasteland 12 1.65

Fallow land other than current 3 0.38
fallows

Current fallows 1 0.13

Net area sown 38 4.81

Ministry of Agriculture, GOI, 2000

Table 3. Number, area and average size of operational
holdings in A&N Islands

Size Class (ha) No. of Area of Average
holding holding size

(ha) (ha)

Marginal (less than 1.00 ha) 2448 916 0.37
Small (1-2 ha) 2424 3435 1.42
Semi Medium (2-4 ha) 3343 8210 2.46
Medium (4-10 ha) 2119 9128 4.31
Large (above 10.00 ha) 68 4835 71.10
Total 10382 26524 79.66

(A &N Administration, 2005)

Table 4. Area, production and productivity of crops
(2008-09)

Crops Area Production Productivity
(ha) (t) (t/ha)

Paddy 7900 22100 2.79

Pulses 2119 1154 0.54

Vegetables 4599 30200 6.56

Root crops 1006 8236 8.18

Oil seeds 103 65 0.63

Spices 1659 2535 1.52

Coconut 21690 81.90 m. nuts 3776 nuts

Areacanut 4148 5721 1.38

Cashewnut 1051 361 0.34

Fruits 3005 24942 8.30

Directorate of Agriculture, 2009

Existing predominant cropping system

The crop growing season can be divided in to two
major seasons viz., wet and dry seasons. The wet
season is usually from May to November receiving
annual average rainfall of 2789.9 mm leading to water
logging in the low lying areas. Even in the upland areas,
the soil remains saturated conditions throughout the
season which forces farmers to grow only paddy crop
in most of the areas and sugarcane in few areas. Dry
season falls between December – April which receives
annual average rainfall of 284.4 mm only. Hence, water
logging during the monsoon season and post monsoon
dryness in dry season is the major factor limiting crop
production in the Islands. Rice based cropping system
in low lying valley areas and plantation based system
in hilly areas are the two predominant systems
prevailing in the Island zone (Table 5).
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● Very low yield and income from paddy grown in
low lying areas

● High cost of cultivation for paddy

● Non availability and high cost of labour in time for
transplanting

● Likely submergence coastal paddy lands due to
climate change

● Limited land (horizontal expansion banned due to
reserved forest)

● Physico-chemical constraints of soils like salinity,
Al & Fe toxicities  and P deficiency

● Higher incidence of insect and disease pests  due
to hot-humid climate and mono cropping of paddy
favours the pests and diseases

● Shortage of high quality feed and fodder  to  support
livestock system

Production potential and yield gap

Irrespective of crops, yield gap exists between
research farm and farmers field in the Island zone
(Table 6). Paddy crop is having the higher yield gap of
42 % followed by Coconut and Areca nut (Fig. 1). It
indicates the scope for increasing the yield at Island
level through adoption improved package of practices
with alternate cropping systems. Similarly, the cropping
intensity in low lying valley areas also ranged from
133 to 179 % during the last five years (Table 7).

In order to ascertain the method and economics
of paddy cultivated by the farmers, study was
conducted in three selected villages in South Andaman
where in rice based systems are dominant. C 14-8
variety of paddy was grown by all the farmers. Jaya
and Krishna hamsa was the other variety of paddy
grown by farmers (Table 8). Among the three varieties,
Jaya occupied 41.2 % of area compared to other
varieties.  Among the varieties Jaya recorded maximum
yield followed by Krishna Hamsa. C14-8 recorded very
low yield of 1999 kg. The duration of the crop ranged
from 120 (Krishna hamsa) to 177 days (C14-8). The
multiple cropping index in the low lying areas where in
paddy is grown is only 100 % (Table 9).

Strength of existing cropping system

High and evenly spread rainfall of eight months
favours the cultivation of long duration rice crop in the
low lying areas which is the main reason for large scale
adoption of C14-8, C14-7 variety of paddy by farmers.
Growing of short duration paddy varieties is limited
due to absence of dry period during the long rainy
season for threshing and drying operations. In the dry
season short duration pulses like black gram and green
gram and oilseeds like Sesamum are popular among
the farmers due to its less water requirement and short
duration in nature. Like wise, in the hilly areas, adoption
plantation based system is highly favorable as it requires
minimum labour input which is a scarce resource in
the Islands. Crop produces such as coconut, arecanut,
black pepper, cinnamon, and clove are organic by
default as no or minimum fertilizers are applied to these
crops in the Islands at many places. Hence, scope for
organic production of spices and its export are highly
favourable for the existing system.

Weakness of existing cropping system

The scope for continuation of existing cropping
systems in the Islands are  limited due to increase in
population which demands variety of perishable
products like vegetables, milk, fruits etc from the limited
land resource. Apart from this, the following constraints
favour the change in existing cropping system for the
Island zone.

Table 5. Major cropping pattern in A&N Islands

Farming situation Cropping pattern

Hilly area Plantation based

1. Sole Coconut
2. Coconut + clove + pine apple
3. Arecanut + black pepper +

nutmeg + cinnamon
4. Arecanut + banana

Valley areas Rice based

1. Rice (long duration) -fallow
2. Rice (medium duration) –

vegetables (okra, cowpea)
3. Rice – pulses (blackgram, green

gram) in lowlands
4. Rice – oilseeds (sesamum) in

medium uplands
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Table 6. Yield gap of important crops during past five years

Crop Year Maximum yield (kg/ha) Average yield of zone Yield gap
(on station) (kg/ha)* (kg/ha)

I. Low lying valley areas

Rice 2004-05 4470 2726 1744
2005-06 4500 2244 2256
2006-07 4694 2760 1934
2007-08 5083 2980 2103
2008-09 3273 2790 1600
Mean 4627 2700 1927

Pulses (Blackgram, 2004-05 740 599 141
Green gram) 2005-06 740 651 89

2006-07 824 550 274
2007-08 705 650 55
2008-09 640 540 100
Mean 727 598 252

II. Hilly areas

Coconut (nuts/ha) 2004-05 6000 3410 2590
2005-06 6000 3750 2250
2006-07 6000 3750 2250
2007-08 6591 3727 2864
2008-09 6591 3776 2815
Mean 6236 3683 2554

Arecanut 2004-05 3600 1258 2342
2005-06 3600 941 2659
2006-07 3600 1430 2170
2007-08 3800 1400 2400
2008-09 3800 1380 2420
Mean 3680 1282 2399

* Andaman and Nicobar Administration, 2008
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Fig. 1. Mean yield gap of important crops during last five
years

Table 7. Cropping Intensity in low lying areas during
2003-2008

Year Net area Gross cropped Cropping

sown (ha) area (ha) intensity (%)

2003-04 12000 16473 137

2004-05 12000 17620 147

2005-06 7000 9351 133

2006-07 7000 12571 179

2007-08 9000 13797 153
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Table 8.   Varieties and area of paddy cultivation in South
Andaman

Village Average land Average area Variety
holding/ of  paddy
farmer cultivation/

farmer (ha)

Chouldhari 1.60 0.60 C 14-8
0.80 Jaya
0.09 Krishna hamsa

Port mout 1.07 0.40 C 14-8
0.60 Jaya

Indiranagar 1.80 0.90 C 14-8

Table 9.  Yield and multiple cropping index of paddy in
South Andaman

Variety Grain Straw Duration Multiple
yield yield cropping

(kg /ha) (kg/ha) (days) Index (%)

C 14-8 2451 3064 201 100

Jaya 4798 6813 123 100

Krishna 4114 5842 120 100
hamsa

C 14-8 3535 4419 177 100

Jaya 4167 3917 150 100

C 14-8 1999 2838 150 100

After harvest of paddy crop, all the farmers are
growing vegetables during the post monsoon season
depending on the water availability. Only 50 % of the
area under paddy is cultivated with seasonal vegetables
such as Bhendi, pumpkin during dry season (Table 10).
Since all the farmers are cultivating vegetables during
post monsoon season, the prize is cheaper and farmers
are not getting much profit from the vegetables. The
main constraint in cultivation of crops during post
monsoon is water.

Efficient alternative cropping systems

Agro-ecosystem analysis of the farming systems
reveals two major micro-farming situations.  They are
hills and low lying valley areas. Accordingly, alternative
cropping systems are presented for both the situations.

I. Hilly areas

Coconut and arecanut is the main crop with fruit
trees like jackfruit, guava, sapota as intercrops in the
backyard of homesteads. Topography is sloppy, soils

Table 10. Utilization of paddy area after rice by farmers for vegetable production

Village Area under Area under vegetables Vegetables grown
paddy (ha) after paddy (ha)

Chouldhari 0.23 0.13 Cowpea, Bottle gourd, Pumpkin, Brinjal, Bitter gourd & Poi bhaji

Port Mout 0.10 0.05 Brinjal, Bottle gourd, Pumpkin, Ridge gourd, Cowpea, Bhendi, Plantain &
Nali bhaji

Indiranagar 0.09 0.04 Bottle gourd, Bitter gourd, Cowpea, Bhendi & Pumpkin

were gravel and coarse sand, soil depth was 30-45 cm
only with underlying stones and boulders. Major
problems were soil erosion. Small ponds are present in
the lower reaches of the slope.

a.   Coconut based cropping system

Plantation crops are defined as the group of crops
of perennial nature cultivated exclusively in tropics and
subtropics. Coconut arecanut, rubber black pepper and
tree spices are important plantation crops in these
Islands. These crops provide ample scope for growing
in for different farming system. It could be inter/ mixed
cropping, sequential cropping, multi storey cropping,
high density multi species cropping and mixed farming
involving milch animals, poultry, pigs, fish, prawn etc.
The coconut based farming systems involving cultivation
of compatible crops in the inter spaces of coconut and
its integration with other enterprises like Dairy, poultry
etc leads to considerable increase in production and
productivity per unit area, by more efficient utilization
of sun light, soil, water and labour.
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Land utilization by coconut

Land area available for a single palm 7.5 x 7.5m
spacing = 56.25 m

Area of maximum concentration of coconut roots
(lateral spread of 2m) = 12.57 m

Percentage of total area effectively utilized by
coconut roots (22.24 %)=12.57 x 100

   56.25

The structure of coconut crown and the orientation
of the leaf allow part of the incident solar radiation to
pass through the canopy and fall on the ground. It was
estimated that as much as 56% of the sunlight was
transmitted through the canopy during the peak hours
(10-16hrs) in palms aged around 25 years.

A large variety of annual crops have been found
suitable for growing under coconut plantation. Ginger
and turmeric are the important spice crop commonly
intercropped in coconut gardens of A&N Islands
besides cultivation of a number of crops like Tapioca,
elephant foot yam, amaranthus, bhendi, snake gourd,
bottle gourd, coccinia, brinjal and bitter gourd (Table
11) and flower crops like Heliconia, Anthurium,
Jasminum pubescence, crosandra, marigold and
Medicinal and aromatic plants like Long pepper and
Patchouli can be grown (Singh et al., 2010).

High density multi species cropping system
(HDMSCS)

HDMSCS involves growing a large number of
crops at very high plant population per unit area to
meet the diverse needs of the farmers such as food,
fuel, timber, fodder and cash. It includes growing of
large, medium and small canopy crops arranged in a
systematic way. in this Islands spice based HDMSCS
is popular among the farmers. The net returns and
additional employment which can be generated through
Coconut based high density multi species cropping
system are presented in Table 12.

Seed production of Table purpose groundnut in
Coconut plantations

Table purpose groundnut is having the high potential
in Islands due to increase in flow of tourists. It has

Table 11. Returns from the intercrops in coconut garden

Crop Total returns Net returns
(Rs./ha) (Rs./ha)

Coconut + Tapioca 1,07,925 77,925

Coconut + Ginger 1,50,148 91,448

Coconut + Turmeric 70,624 39,724

Coconut + Elephant foot yam 55,625 17,625

Coconut + Amaranthus 45,500 24,300

Coconut + Bhendi 52,900 38,150

Table 12. Comparison of various Coconut based intercropping system

System Gross cost Gross return Net return Return above Additional employment
mono crop generated

(mandays/year/ha)

Coconut mono crop 17,000 49,000 32,000 - -

Coconut + Elephant foot yam 64,100 1,10,900 46,800 14,800 131

Coconut + Ginger 74,500 142,000 67,500 35,500 500

Coconut + Tapioca 34,700 1,00,400 65,700 33,700 130

Coconut + Vegetables 33,000 83,000 50,000 18,000 125

Coconut + Clove 47,880 1,01,000 53,120 21,120 150

Coconut + Banana 59,680 1,30,150 70,470 38,470 230

Coconut based HDMSCS 52,000 1,40,000 88,000 56,000 191

Coconut based mixed farming system 1,72,000 2,58,000 86,000 54,000 600
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been found that soils of Andaman and Nicobar Islands
are highly suitable for table purpose groundnut;
however, its cultivation is limited due to seed
availability. The seed production can be taken up in
coconut plantations. Light availability and yield of table
purpose groundnut for seed production in coconut
plantation are presented in Fig. 2. On average, 1400
kg of ground nut pods can be harvested from one ha
of coconut plantation during wet season.

c.   Plantation based farming system

Normal cropping programme followed by farmers
in hilly area was Arecanut, coconut + sapota, banana
as sole crop.   In the integrated approach, a modification
was made in the existing cropping pattern by integrating
black pepper with arecanut. Cropping was undertaken
in 0.90 ha and 0.10 ha was allotted for backyard poultry
and livestock. Vanraja (20 nos) and ducklings (5 nos.)
were also included for rearing as backyard poultry.
Dung served as source of FYM for fruits and other
plantation crops thereby reducing the cost of
production. The milk production on an average from
two buffaloes is 5.5 l/day. The meat & egg from poultry,
milk from the buffaloes served as an enriched source
of protein supplement for the farmer’s family.

Maximum net return of Rs. 1,50,350/- was obtained
from Arecanut + black pepper followed by sapota +
banana (Rs 99,863/-) with B:C ratio of 4.32 and 18.25
(Table 13). Though the net return was more in case of
arecanut +black pepper integration, but the B:C ratio
was less as compared  to sapota + banana integration,
due to additional mandays required in dehusking of
arecanut.  The employment generated was 365
mandays in case of cropping from 0.90 ha area.

The net return obtained from the cattle and poultry
component was Rs. 50,780/- and Rs. 13,520/-
respectively. The employment generation in cattle
component was 140 mandays /year whereas in poultry
component, it was 23 man days. The benefit cost ratio
was estimated to be 1.96 and 1.16 in cattle and poultry
respectively (Ravisankar et al., 2007). About 50 local
birds are reared as backyard out of which ten laying
hens, growers and chicken. Net income obtained from
one ha of  cropping involving coconut, arecanut, sapota,
fodder and banana with cattle and back yard poultry
was Rs 2.90 lakhs with employment generation of 528
man days.

Thus, it can be concluded that plantation based
farming system involving fruit crops, intercropping of
spices in coconut gardens with cattle and backyard
poultry can be promoted in the Island zone especially
for hilly areas.
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Fig. 2. Influence of light availability on pod yield of table
purpose groundnut in coconut plantations

b.   Arecanut based cropping system

Arecanut is the second largest plantation crop in
these Islands. The area had increased from 3100 ha in
1990-91 to 4046 ha 2007-08. As a sole crop, arecanut
canopy permits 40% of incident solar radiation to
penetrate the ground and its root system occupies only
30% of the land area(2.25sqm) out of 7.29sqm (2.7X2.7
spacing) and rest of the area is available for cultivation
of other crops. Banana and pineapple are the most
popular intercrop grown in arecanut garden. Banana
or cassava is raised in arecanut garden to provide shade
during early years. Initial few years, no perennial spices
can be taken up under arecanut garden. However after
4-5 years when arecanut stem turns brown, 2-3 rooted
black pepper cuttings can be planted. Similarly clove,
nutmeg, cinnamon can also be grown successfully. The
crop combination well suited to this Island condition is
arecanut+ Black pepper + clove/ nutmeg+ cinnamon.
In arecanut based cropping system of one ha of land,
about 3000-5000 kg arecanut, 780 kg black pepper,
200 kg clove or 200 kg nutmeg and 150 kg cinnamon
with an annual income of about Rs.2.5 lakh can be
obtained under the Island condition.
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II. Low lying valley areas

In the wet season, paddy and sugarcane are the
major food crops grown in the islands in the low lying
valley areas. Paddy is the lifeline cereal crop of the
islands as wheat and maize are normally not grown
during wet season due to climatic conditions. Several
technologies were identified for paddy crop including
varieties, time of planting, weed control, fertilizer
management etc. Among the cultivars, the traditional
variety of paddy C14-8 remains popular among farmers
of these islands due to its performance under poor
management conditions which includes random
planting, no weeding and no fertilizer application.

Rice based cropping systems

Evaluation of cropping system for multiple cropping
and stepping up of crop production programme among
rural population through technology transfer formed
the core of the crop production programmes in
contributing to the research cum development needs
of the island region. Six sequences of cropping viz.,
Paddy (Jaya), Paddy (Ratna)- Pulse (Blackgram T-
9), Paddy (Bala)- Rice bean (K

1
), Paddy (CR-126-

42-1)- Til (Vinayak), Paddy (Indira) –Mustard and
Paddy (Jayanti) –Dhaincha were evaluated for yield
potential.  It is seen that crops like black gram,
Sesamum, rice bean and dhaincha can be profitably
grown after the harvest of first paddy crop under rain
fed conditions. Among the varieties tried in first crop,
the highest yield was recorded with CR-126-42-1 (32.3
q/ha) (Gangwar et al ., 1991).

Paddy based intensive cropping pattern were  also
tried in the Islands under irrigated conditions. Six
cropping sequences viz., Control (Monocrop of local
variety C-14-8), Paddy (Ratna)- Paddy (4106), Paddy
(P-7) – Paddy (3280)- Guar (PNB), Paddy (Jaya) –
Paddy (CR-126-42-1)  - Bhindi, Paddy (6212) –Paddy
(Bala) – Rice bean and Paddy (Jayanti) – Paddy (5849)
– Dhaincha were evaluated. Under irrigated condition,
intensive cropping patterns were found to be feasible
under Island conditions for higher productivity. A third
crop of okra, rice bean and dhaincha was successful
after two crops of paddy. The cropping pattern of Ratna
as first crop and var. CR-126-42-1 as second crop out
yielded other varieties (Table 14). In an another
experiment, highest total grain yield of 98.7 q/ha was
recorded in maize-rice-rotation followed by 89.3 q/ha
in blackgram-rice-rice rotation in upland areas. After
the harvest of rainy season long duration rice (CR-
1009) in lowland areas, maize, sorghum, green gram,
sesamum, and sorghum + Cowpea (Forage) could be
raised successfully in dry season with respective grain
yield of 32.1,15.8,4.6,6 and forage yield of 331.8 q/ha.

The net return from three crop sequence rice-rice-
maize was higher (Rs 12905/ha), however, the cost of
production is also higher (Table 15). Net income/ day
were also higher (Rs 35/ha/day) in the same sequence
(Pramanik and Ravisankar, 2007).

It was found feasible to raise one short duration
rice crop with average yield of 32 q/ha followed by a
medium duration high yielding rice with average grain
yield of 35-40 q/ha during rainy season. Application of

Table 13. Yield and economics of different cropping sequences under IFS

Cropping sequence Yield (q) Cost of cultivation Gross return Net return B:C
(Rs) (Rs) (Rs) ratio

1st crop 2nd crop 3rd crop

Coconut + sapota + banana 770 nuts 37.5 1.12 5,280 80,950 75,670 14.33

Arecanut + black pepper 37.03 - - 34,800 1,85,150 1,50,350 4.32
(vegetative stage)

Sapota + banana 52.50 0.67 - 5,472 1,05,335 99,863 18.25

Banana 2.25 - - 600 1,125 525 0.87

Total 46,152 3,72,560 3,26,408 7.07
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Table 14. Yield of paddy and other crops in crop rotations

Treatment Yield  (q/ha)

First crop Second crop Third crop

Monocrop (C-14-8) 7.47 - -

Paddy (Ratna) – Paddy(4106) 35.9 21.3 -

Paddy (P-7)  - Paddy (3280)- guar 27.7 17.9 Failed

Paddy (Jaya)-Paddy (CR-126-42-1) -    Okra 33.7 22.7 40.0 (Green fruit)

Paddy (Bala) –Paddy (6212) –Rice bean 25.9 19.3 475.0  (Fodder)

Paddy (5849) – Paddy (Jayanti)-Dhaincha 32.2 19.9 350.0 (Biomass)

Table 15. Performance of three and two crop sequences under Island conditions

Cropping sequence          Yield q/ha Mean (Rs/ha)

Highest Lowest Mean Gross Return Cost of Return over Net income
Rs production operating cost per day

Rs/ha

Three crop sequence

Rice 55.0 36.0 42.9 7224 3446 3778 -
Rice 48.8 30.0 37.3 6296 3390 2906 -
Urad 9.0 6.9 8.0 3168 1568 1600 -
Total 112.8 72.9 88.2 16688 8404 8284 23.0
Rice 51.0 38.0 44.5 7445 3666 3779
Rice 40.0 38.0 39.0 6565 3318 3247
Maize 32.0 31.5 31.7 13088 7209 5879
Total 123 107.5 115.2 27098 14193 12905 35.0

Two crop sequence

Rice 50.0 30.0 42.9 7182 3449 3733
Urad 9.0 6.3 8.2 3236 1563 1673
Total 59.0 36.3 51.1 10418 5012 5406 15.0
Rice 45.0 25.0 32.6 5610 3490 2120
Maize 32.0 28.0 29.7 12443 6157 6286
Total 77.0 53.0 62.3 18053 9647 8406 23.0

green leaf of Gliricidia as green manure (30 tonnes/
ha) a month before the transplanting of medium or
long duration rice crop was found to be feasible and
beneficial.

The other salient findings of the cropping system
study are

● The agro-climatic conditions of the Islands are
suitable for safely adopting rice based multiple
cropping systems in valley areas. Old rice varieties
need to be replaced with high yielding long duration
varieties.

● Rice-rice-pulse particularly with cowpea for
vegetable was most economic rotation giving more
than Rs.10,000/- net return in a year. Rotation  of
rice-rice-Blackgram with annual net return of
about 8000/- was also good . Rice–rice-sesame
was found to be safe against stray cattle in dry
season with annual net returns of Rs.7500/-.

● Legumes in rotation with rice not only increased
the productivity soil but reduced the nitrogen
requirement (about 15kg/ha) of succeeding rice
crop.
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● Pulse and oil seed crops fit well in rice based
cropping system and hence need  encouragement.

Table Purpose groundnut

Table purpose groundnut are having better
marketing opportunity as the number of tourists visiting
islands are increasing year after year (Ravisankar et
al., 2010).  Experiment on irrigation and mulching
revealed that, two irrigations at life and pegging led to
higher pod yield of 3771 kg ha-1 (Fig. 3). Though three
and four irrigation recorded lower yield of 3645 kg ha-

1 and 3412 kg ha-1 respectively compared to two
irrigations, it was on par. Pod yield of 2852 kg ha-1 was
recorded in no irrigation. Among the mulching materials,
paddy straw registered significantly higher pod yield
of 3594 kg ha-1. Mulching with banana and Gliricidia
recorded on par yield with no mulch proving its
ineffectiveness which might be due to the quick drying
nature of these materials leading to low coverage of
soil surface. Net return of Rs. 56000/- per ha can be
obtained from rice fallow lands having sandy or sandy
loam soils. Further, two irrigations at life and pegging
with paddy straw mulch on 45 DAS can be advocated
for realizing higher pod yield, net returns, B: C ratio
and water productivity. More than two irrigations leads
to reduced pod yield.

Crop diversification through Broad Bed and
Furrow (BBF) based farming system

Vegetable and fodder production in the bay islands
are hampered because of shortage of space and excess
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Fig. 3. Response of table purpose ground nut to irrigation
at critical stages

rainfall during wet season (May - November). The
other major problems for vegetable production are
extensive damage by giant African snail and bacterial
wilt, water shortage in post – monsoon period and non-
availability of full sunshine for vegetables in hilly land
under plantations (Rai et al., 2006). Around 7900 ha
of coastal plains in the islands are being used for rice
cultivation where no other crop can be grown during
monsoon. Rice cultivation is becoming highly
uneconomical but vegetables and fodder fetch high
price due to short supply during monsoon period.

Broad Bed and Furrow (BBF) system

The technology involves making of broad bed and
furrow alternatively in rice fields. Broad beds are made
in the shape of inverted trapezium by digging soil from
either side of the broad bed and putting it in the bed
area by cut and fill method (Fig. 4). The excavated
area is used for rice cultivation and the raised broad
bed area which is above the water level of the paddy
field are used for cultivating any seasonal vegetable or
fodder crop during monsoon season. The broad beds
are stabilized by planting two rows of hybrid napier on
the edges on either side. After the rice is harvested,
the rice area can be planted with medium duration
vegetables in the month of December and can extend
up to the end of March depending upon the available
stored moisture in the rice furrows. This technology
envisages efficient crop rotation and nutrient
management besides restricting pest migration from
one vegetable bed to another due to the presence of
fodder and rice in between them. Further, it provides a
Giant African Snail attack free zone for vegetables, as
they do not invade rice fields. Bacterial wilt can be
controlled effectively by manipulating the soil reaction
through liming or by growing wilt resistant cultivars.
The technology helps in replacing 40% of the rice area
with vegetables and fodder and also assures continuous
supply of fodder and vegetables during peak monsoon
period in these islands.

Cropping system for BBF

Among the crops evaluated on the beds, chillies,
radish, okra, cowpea, knolkohl, cauliflower, amaranthus
and sweet potato performed better compared to tomato
and french beans during the monsoon and post monsoon
season. Among the six cropping systems, Okra-
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amaranthus-chillies recorded higher net return of Rs.
127558 with B:C ratio of 4.29  followed by coriander-
okra registering net return of Rs. 48028 with B:C ratio
2.92. The cropping intensity ranged from 200 to 400
% for different cropping system. Cultivated land
utilization index (CLUI) was higher under okra-
amaranthus-chillies (0.90) indicating efficient utilization
of land. Sweet poatato-cabbage-amaranthus also
recorded CLUI of 0.82. Among the three cole crops
viz., cabbage, cauliflower and knolkohl evaluated,

knolkohl registered maximum yield of 2184 kg from
4000 m2 area of BBF followed by cauliflower (1058
kg). The returns from knolkohl and cauliflower was
Rs. 26200 and 12700 respectively.  In furrows, double
cropping of paddy with singhi and magur resulted in
maximum returns. Among the combination of fish and
rice evaluated, it was found that rice-rice (azolla +
singhi+magur) resulted in production of 2.23 t of rice
and 73 kg of fish from 6000 m2 area, where as
combination rice-rice (azolla+tilapia) led to reduced rice

Fig. 4. Schematic layout of broad bed and furrow system

Plate 1. Okra in flowering and harvesting stage in bed during rainy season and long duration paddy in furrows
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yield of 1.43 t and 25 kg of fish from 6000 m2 clearly
stating the unsuitability of tilapia culture with paddy. In
terms of net returns also, Rice-rice (azolla +
singhi+magur) led to Rs. 11000 compared to Rice-rice
(azolla + tilapia). The cropping intensity and CLUI was
200 % and 0.66 for all the systems except ratoon crop
(Ravisankar et al., 2008a). Based on the evaluation of
cropping system in the beds and furrows of BBF
system, net returns and B:C ratio has been taken in to
account for preparing a cropping calendar for the BBF
system. Accordingly, the season of growing has been
divided in to three phases namely, first phase of wet
season comprising mostly July to October, second
phase of wet and post wet season comprising mostly
November to February and dry season (March – June).
Since, the crops studied (vegetables) are having
different duration, there is much overlapping in the
period. The classification of season also  overlapping
due to the variable duration of vegetables. However,
in order to have the idea to select the most profitable
crops, the season are divided. Among the different
crops tested during the wet season, Okra, amaranthus,
cowpea, cucumber performed better compared to the
radish, bitter gourd and pumpkin. Crossandra is a
perennial flower crop grown in A & N islands and it
costs around Rs. 250 to 300 / kg in the market (Fig. 5).
Hence, for the first season, any one of the seasonal
vegetables such as cucumber, amaranthus, Okra and
cowpea can be advocated. Among the four vegetables,
cucumber registered higher net returns and B:C ratio
followed by amaranthus and Okra.

Similarly, in the second season (second phase of
wet season and post wet season) falling between
(November – February), among the crops tested,
chillies performed extremely better by recording higher
net returns and B:C ratio (Fig. 6). The crop planted in
October continued up to June. The variety of chilli
namely Fire bomb performed better under island
conditions. Cauliflower, cabbage, amaranthus-coriander
and brinjal also performed better in terms of net returns
and B: C ratio during the period. Hence, for the second
season, crops namely chillies, cabbage, amaranthus-
coariander and cabbage may be choosen according to
the market demand and preference of farmers. Among
the crops, chillies recorded higher returns, followed by
cabbage and amaranthus-coriander in the same order.
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Fig. 5. Performance of crops in the beds of BBF during
first phase of wet season
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Fig. 6. Performance of crops in the beds of BBF during
second phase of wet  & post wet season

In the third season, Amaranthus-Amaranthus,
Groundnut-Amaranthus, Okra, Cowpea were
compared along with perennial crop crossandra. Since,
amaranthus is a short duration crop, two crops has
been taken in the same period, where as in case of
Okra and cowpea, only one crop is taken. In the case
of groundnut-amaranthus sequence, the period is from
January to June. Among the crops and cropping
sequences tested, amaranthus – amaranthus registered
the higher net returns and B:C ratio due to its short
duration and fetching higher price especially red
amaranthus. The second best sequence for third season
is groundnut – amaranthus (Fig. 7). Okra and cow pea
also performed better. Hence, for the third crop in the
sequence any one of the above sequence may be
selected for realizing higher profitability.
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Based on the above analysis, suitable sequences
suggested for 4000 m2 bed area of BBF system are
presented in Table 16. According to the resource (land,
labour and capital) availability, the farmers may choose
the system for maximum net returns.

In the furrows also, evaluation of four cropping
suggests that, (rice-ratoon)+ (singhi+magur)-groundnut
(var ICGS 76) registered maximum net returns and
B:C ratio followed by the same sequence involving the
groundnut variety of TG37A. Among the rice crops,
ratoon did not perform well which led to loss in
investment. Since fish is present in the furrows, the
option is to go for one crop of long duration rice with
improved varieties.

Based on the analysis of the different cropping
systems for beds and furrows in various seasons, it

Plate 2. Cauliflower on beds  and banana plantation in the border of BBF system
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Fig. 7. Performance of crops in the beds of BBF during dry
season

Table 16. Options of cropping programme for beds of BBF

Cropping Period Expected net returns
sequence (Rs/4000m2)

Option 1

Cucumber July -October 17136
Chillies October - June 192570
Total 209706

Option 2

Amaranthus July - September 12932
Cabbage November - February 48394
Amaranthus February - March 15164
Amaranthus May - June 24656
Total 101146

Option 3

Okra July - October 12676
Amaranthus October - November 13916
Coriander December - February 26068
Okra February - June 12784
Total 65444

Option 4

Crossandra July - June 20625

can be concluded that, farmers can choose any one of
the option among four options mentioned above for
beds of BBF based on their investment capability,
labour availability among other criteria. In the furrows,
long duration variety of paddy – groundnut combined
with either cat fish or Indian Major Carps (IMC) can
be advocated.
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maximum net return of Rs. 1,06,134 from 4000 m2

area of beds in one ha (Table 17).    Rs 10840 can be
obtained from furrows. In one ha of BBF, through
adoption of okra-amaranthus- okra in beds,
brinjal+moringa+banana in border areas and rice
+azolla +fish in furrows, Rs117532 can be obtained
(Ravisankar et al., 2008b).

Comparative performance of various systems or
technologies evolved over the years in terms of net
returns and B: C ratio are presented in Fig. 8. Net
returns from various systems and technologies
identified through research are ranging from Rs 13257
to Rs 164960 /ha over the traditional practice of
monoculture of paddy with C 14-8 variety. Improved
high yielding long duration variety of paddy followed
table purpose groundnut can lead to return of rs 72000/
ha. In the case of double cropping of paddy, the return
from investment is lesser compared to monocrop of
paddy with improved high yielding late duration
varieties.  Through promotion of integrated farming
system (IFS) in low lying valley areas, the farm income
can be raised to as high as Rs 164960/ha, but the return
from investment is lesser compared to broad bed and

Fish culture in BBF system

In the rice + fish + azolla in furrows of BBF system,
during a culture period of 6 months, catla, rohu & mirgal
attained the maximum size of 263, 134 & 56 g
respectively where as singhi and magur attained the
average weight of 65 & 80 g respectively without any
supplementary feeding. Production of catla, rohu and
mirgal from the fish shelter in the furrow of BBF is 73
& 78 kg from 10 furrows (one ha BBF). Similarly,
singhi and magur recorded a production of 25 to 45 kg
from 10 furrows without any supplementary feeding
which clearly indicates the compatibility of these fishes
with rice+azolla+fish system in the furrows.

On farm evaluation of BBF

At Indiranagar, as per the farmers choice, two crop
sequences viz., Okra-cowpea , Okra-amaranthus-okra
were evaluated in the beds with brinjal, moringa and
banana as border crops and  Rice + fish + azolla in
furrows in BBF system. All the crops performed better
on the beds during monsoon season. Among the
cropping system, okra-amaranthus-okra recorded

Table 17. Yield and Economics of crops in beds (4000 m2), furrows (6000 m2)  and border area of Broad Bed and Furrow at
Indiranagar (Farmer field)

C S Crops Yield (kg) Gross return (Rs) Net return (Rs) B:Cratio

Beds

CS1 Okra 2411 21699 6499 1.4
Cow pea 4851 48510 35710 3.8
Total - 70209 42209 2.5

CS2 Okra 2744 39928 24728 2.6
Amaranthus 5543 49887 45387 11.0
Okra 5691 51219 36019 3.4
Total - 141034 106134 4.0

Border Brinjal 2 18 18 -
areas Moringa 5 40 40 -

Banana 50 500 500 -
Total - 558 558 -

Furrows Rice + Azolla 2418 12090 7590 2.60
Fish (Prawns, catla, rogu, mirgal) 75 3750 3250 6.50
Total - 15840 10840 2.17

BBF (4000 Okra-Amaranthus- Okra in beds + - 157432 117532 2.95
m2 bed + Rice + fish in furrows + Brinjal,
6000 m2 Moringa and Banana in border areas
furrows+
Border areas)
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Fig. 8. Compartive performance of various systems in
terms of net return and B:C ratio

Farming situation Suggested resource efficient
system for the zone

Hilly area Coconut based high density multi
species cropping system involving
Coconut + Clove + Cinnamon +
Banana + Blackpepper + Pine apple
+ fodder

Low lying Valley Broad Bed and Furrow (BBF)
areas system for growing Rice +

Vegetables +fodder +fish

Fertilizer requirement (g/plant) for Coconut
based system: The schedule is as follows:

Crop No. of seedlings Remarks
(No’s/ha)

Coconut spacing at 7.5 X 7.5 m

Coconut 178 Main crop

Clove 169 In between 4 coconut trees

Cinnamon 169 In between coconut rows

Banana 507 In between  coconut rows

Black pepper 178 Trailing in coconut

Pineapple - Between rows

Broad Bed and Furrow system

Broad Bed and Furrow (BBF) system can be made
by cut and fill method using the mechanical excavator.
The width of bed and furrow should be 4 m and 6 m
respectively. In one ha area of land, 10 beds of 100 m
length X 4 m width and 10 furrows of 100 m length X
6 m width can be made. Thus, in one ha area, 4000 m2

area will be available for vegetable cultivation and 6000
m2  area will be available for rice + fish cultivation. All
the vegetables can be grown on the beds by adopting
the recommended package of practices. In the furrows,
long duration rice with catla/rohu or singhi/magur can
be reared during wet season and table purpose
groundnut variety ICGS 76 can be grown which can
give very good net returns.

Contingency planning

In the dry season, following techniques can be
adopted to overcome the moisture stress in coconut
plantations for hilly areas.

● Husk burial: Burial of coconut husk (fresh or dried)
in the coconut garden is a desirable practice
particularly for moisture retention. The husk can
be buried in linear trenches taken 3 m away from
the trunk between rows of palms or in circular
trenches taken around the palm at a distance of 2

furrow system in which around Rs 117532 /ha can be
obtained with as high as B:C ratio of 2.95.

Package of practices

Based on the economic analysis of various systems,
the following resource efficient  cropping programme
are suggested for the Island zone for which normal
recommended package of practices can be adopted.

Requirement of seedlings for different
components of Coconut based system

Planting year Pre monsoon (April – May)

N P
2
O

5
K

2
O

First year Planting in April to May

Second year 50 35 150

Third year 110 70 300

Fourth year onwards 170 100 450

Post monsoon (Oct.– Nov.)

First year 50 30 135

Second year 110 60 270

Third year 220 120 540

Fourth year onwards 330 150 800
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m from the trunk. The trenches may be 0.5 m
wide and of same depth. The husks are placed in
layers-with concave surface facing upwards and
are covered with soil. The beneficial effect to husk
burial lasts for 5-7 years.

● Soil in coconut garden should not be disturbed in
summer months.

● Old and senile leaves should be removed to reduce
transpiration loss.

● Weeding should be done regularly.

● Mulch using coir dust @ 5 kg/palm

● Growing cover crops like Calopagonium
mucunoides, Mimosa invisa, etc will help retain
moisture in the soil.

● Terracing may be done in sloppy areas to prevent
water run off

Acknowledgement

Authors are highly thankful to ex and present
Directors, Central Agricultural Research Institute, Port
Blair, Andaman and Nicobar Islands for providing the
facilities, required encouragement for conducting the
experiments on the cropping and farming system.

References

Andaman and Nicobar Administration. 2005. Statistics book,
Directorate of statistics, A&N Administration, Port Blair

Andaman and Nicobar Administration. 2008. Agriculture
and allied sectors In Economic survey of Andaman and
Nicobar Islands, Directorate of Economics and
Statistics, Andaman and Nicobar Islands pp 42-64.

Directorate of Agriculture. 2009. Area, Production and
Productivity statistics of Andaman and Nicobar Islands
(website www.and.nic.in), Andaman and Nicobar
Administration, Port Blair, Andaman and Nicobar
Islands.

Ganeshamurthy A.N., R.Dinesh, N.Ravisankar, A.K. Nair and
S.P.S.Ahlawat.2002.Land resource atlas of Andaman
and Nicobar islands, Central Agricultural Research
Institute, Port Blair.

Gangwar, B., Mongia, A.D and A.K. Bandyopadhyay. 1991.
Cropping systems and management practices for humid
tropical conditions of Bay islands, Journal of Indian
Society of Coastal Agricultural Research 9(1&2): 241-
249

Ministry of Agriculture.2000. Land Use statistics, Ministry
of Agriculture, Government of India, New Delhi

Pramanik S.C. and N. Ravisankar.2007. Productivity,
Profitability and Sustainability of Rice based cropping
systems in Bay islands, J. Farming System Research
& Development 13 (1): 93-98.

Rai, R.B., R.P. Medhi and N. Ravisankar.2006.Agriculture
and Animal husbandry In: State development report of
Andaman and Nicobar Islands, National Institute of
Public Finance and Policy, New Delhi. Pp 112-133.

Ravisankar, N., S.K. Ambast and R.C. Srivastava. 2008a.
Crop diversification through broad bed and furrow
system in coastal regions, Central Agricultural Research
Institute, Port Blair.

Ravisankar, N., M. Din, S.K. Zamir Ahmed, R. Raja, S.K.
Ambast and R.C. Srivastava. 2008b. Broad Bed and
Furrow (BBF) system In Micro Business module in
agriculture and allied fields for livelihood in A & N
Islands (Eds : R.C. Srivastava and S.K. Zamir Ahmed),
Central Agricultural Research Institute, Port Blair, A &
N Islands pp 6-9.

Ravisankar, N., S.C. Pramanik, S. Jeyakumar, D. R. Singh,
Nabisat Bibi, Shakila Nawaz and Tapan Kumar
Biswas.2007. Study on Integrated Farming System (IFS)
under different resource conditions of Island
Ecosystem, J. Farming System Research &
Development 13 (1): 1-9.

Ravisankar, N., M. Balakrishnan, S. Ghoshal Chaudhuri, S.K.
Ambast, R.C. Srivastava, T. Subramani and N.
Bommayasamy. 2010. Evaluation of time, method of
sowing and varieties for table purpose groundnut
(Arachis hypogaea) under Island ecosystem, Indian
Journal of Agricultural Sciences 80 (4):299-303

Singh, D.R., V. Damodaran, I. Jaisankar, Shrawan Singh and
R.C. Srivastava.2010. Horticulture based farming system
in Andaman and Nicobar Islands, In Souvenir of
National workshop on Coconut based farming system
in A&N Islands, 10-12 February 2010, High value
agriculture development agency, Directorate of
Agriculture, Port Blair.

* * * * *



Annexures

325

NOTATIONS
AICRP - All India Coordinated Research Project

B:C - Benefit Cost Ratio

BBF - Broad Bed & Furrow

CaCO
3

- Calcium Carbonate

CLUI - Cultivated Land Utilization Index

CSR - Cropping Systems Research

DAS - Days After Sowing

EC - Electrical Conductivity

ECF - Experiment at Cultivation Field

EPZ - Eastern Plain Zone

F - Forage/fodder

FAO - Food and Agriculture Organisation

FYM - Farm Yard Manure

GM - Green Manure

HDMSCS - High Density Multi Species Cropping System

ICAR - Indian Council of Agricultural Research

IFS - Integrated Farming Systems

J&K - Jammu and Kashmir

LUE - Land Use Efficiency

NARP - National Agricultural Research Project

NBSS & LUP - National Bureau of Soil Survey and Land Use Planning

NEPZ - North Eastern Plain Zone

N, P, K - Nitrogen, Phosphorus, Potash

OC - Organic Carbon

PDFSR - Project Directorate for Farming Systems Research

REY - Rice Equivalent Yield

RRS - Regional Research Station

SI - Sustainability Index

WEY - Wheat Equivaleny Yield

WUE - Water Use Efficiency

VZ - Vindhyan Zone

ZT - Zero Till
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Annexure-I

An overview of Agro-Climatic Regions in India.

ACR Name of Geog. Names of Number Rainfall Crop GCA NSA CI GIA NIA Irri.
No. ACRP Area the States of districts (mm) growing (Lha) (Lha) (%) (Lha) (Lha) Int (%)

(Lha) period
(days)

I Western 331.39 H. P; 39 165-2000 <90 - 210 32.85 20.91 157 - - -
Himalayan J & K
Region Uttranchal

II Eastern 274.94 Arunachal 79 1400-12000 >270 67.70 46.50 146 - - -
Himalayan Pradesh;
Region Assam;

Manipur;
Meghalaya;
Mizoram:
Nagaland;
Sikkim;
Tripura &
three
districts
of West
Bengal.

III Lower 69.73 15 districts 15 1300-2100 150-270 77.00 43.64 176 - - -
Gangetic of  West
Plains Bengal
Region

IV Middle 164.59 23 districts 60 1211-1470 150-180 152.51 74.52 146 - - -
Gangetic of  Uttar
plains Pradesh &
region Bihar State

V Upper 141.08 40 districts 40 721-979 150-180 139.06 101.49 156 - - -
Gangetic of Uttar
plains Pradesh
region

VI Trans- 116.80 Delhi; 48 360-890 <90 163.73 93.23 173 135.74 78.46 173
gangetic Haryana;
Plains Punjab;
Region Chandigarh

UT & two
districts of
Rajasthan

VII Eastern 371.23 Chhattisgarh; 57 1270-1430 <120 143.76 80.14 124 - - -
Plateau & Jharkhand;
Hills Region three districts

of Madhya
Pradesh; four
districts of
Maharashtra;
15 districts of
Orissa & one
district of
West Bengal.
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ACRP Name of Geog. Names of Number Rainfall Crop GCA NSA CI GIA NIA Irri.
No. ACRP Area the States of districts (mm) growing (Lha) (Lha) (%) (Lha) (Lha) Int (%)

(Lha) period
(days)

VIII Central 371.64 30 districts 57 490-1300 >120-150 216.21 164.84 131 34.97 31.85 110
Plateau & of Madhya
Hills Region Pradesh; 20

districts of
Rajasthan &
7 districts of
Uttar Pradesh

IX Western 334.53 15 districts 41 602-1040 90-150 292.90 200.5 146 52.8 47.7 111
Plateau of Madhya
& Hills Pradesh; 25
Region districts of

Maharashtra
and one district
of  Rajasthan.

X Southern 400.14 14 districts of 48 576-1051 <90 203.35 177.41 115 - - -
Plateau & Andhra Pradesh;
Hills Region 21 districts of

Karnataka and
13 districts of
Tamilnadu.

XI East Coat 214.49 9 districts of 43 800-1904 115-210 114.57 82.10 140 41.61 31.17 133
Plains & Andhra Pradesh;
Hills Region. 15 districts of

Orissa;15 districts
of Tamilnadu and
4 districts of
Pondicherry.

XII West Coast 116.04 Goa; Kerala; 6 30 1457-5000 >270 53.48 43.00 123 9.4 7.8 122
Plains & districts each
GhatsRegion of Karnataka &

Maharashtra and
two districts of
Tamilnadu.

XIII Gujarat 196.63 Gujarat; D & N 28 340-1793 90-150 107.25 94.70 113 36.34 29.87 122
Plains & Haveli and Daman
Hills Region & Diu

XIV Western 175.73 9 districts of 9 256 <80 84.51 74.35 114 17.26 13.57 127
Dry Rajasthan
Region

XV The Islands 8.28 A & N Islands 3 2836-3159 <270 - - - - - -
Region and Lakshdweep

Total 3287.24 30 States 597 - - 1760.00 1328.00 133 725.75 531.31 137
+ 5 UTs

Source: Department of Agriculture & Co-operation, Union Ministry of Agriculture.

Acronyms: Geog area: Geographical area; GCA: Gross Cropped Area; NSA:  Net Sown Area; CI:  Cropping Intensity; GIA:  Gross
Irrigated Area; NIA:   Net Irrigated Area; and Irr. Int:  Irrigation Intensity.
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Annexure-II

Selected Agro-climatic features of Sub-regions.

Sl. Sub-Region Rainfall Climate Soil Crops
No. (mm)

I. Western Himalayas Region

1 High altitude temperate 165 Humid to cold arid Hill soils, mountain, meadow Wheat, maize, rice, Jowar.
skeletal, tarai

2 Hill temperate 2000 Humid Brown hill Rice, maize, wheat, rapeseed
3 Valley temperate 400 Sub-humid Sub-mountain, mountain Wheat, maize, rice, sugarcane.

skeletal, meadow
4 Sub-tropical 1030 Semi-arid to humid Alluvial (Recent), brown hills. Wheat, barley, potato.

II. Eastern Himalayas Region

1 Himalayan Hills 2641 Per humid to humid Brown Hills Rice, maize, Ragi, potato
2 North-East Hills 3528 Per humid to humid Red sandy laterite Rice, rapeseed, maize
3 Southern Hills 2052 Per humid to humid Acidic soils Rice, maize, sesame,

sugarcane
4 Lower Brahmaputra 1840 Per humid to humid Alluvial, red loamy, tarai soils Rice, rapeseed, wheat, jute,

potato
5 Upper Brahmputra 2809 Humid to per humid Alluvial, red loamy Rice, jute, rapeseed, wheat

III. Lower Gangetic Plains Region

1 Barind Plains 1587 Moist sub-humid Red and yellow alluvial (Recent) Rice, jute, wheat, rapeseed
& dry sub-humid

2 Central Alluvial Plains 1449 Moist sub-humid Red & yellow, Deltaic, alluvium, Rice, jute, wheat, rapeseed,
to dry sub-humid red loamy potato

3 Alluvial Coastal Saline 1607 Dry sub-humid to Red and yellow deltaic, alluvial Rice, jute, rapeseed
Plains moist sub-humid

4 Rarh Plains 1302 Moist sub-humid Red and yellow red loamy Rice, wheat, rapeseed, sesame
to dry sub-humid

IV. Middle Gangetic Plains Region

1 North-West Alluvial 1211 Moist sub-humid Alluvial (Recent), Calcareous Rice, wheat, maize, sugarcane.
to dry sub-humid

2 North-East Alluvial 1470 Dry sub-humid Alluvial, tarai Rice, wheat, maize, jute, gram
to moist sub-humid

V. Upper Gangetic Plains Region

1 Central Plains 979 Dry sub-humid to Alluvial Wheat, rice, Arhar
semi-arid

2 North-Western Plains 907 Dry sub-humid to Alluvial, tarai Wheat, sugarcane, rice, maize
semi-arid

3 South-Western Plains 721 Semi-arid Alluvial Wheat, Bajra, rice, maize,
Arhar, potato

VI: Trans-Gangetic Plains Region

1 Foothills of Shivalik & 890 Semi-arid to Dry Alluvial (Recent) calcareous Wheat, rice, maize, sugarcane
Himalayas sub-humid

2 Plains 561 Semi-arid to Dry Alluvial (Recent) calcareous Wheat, rice, Bajra, maize,
sub-humid sugarcane

3 Scarce Rainfall arid reion 360 Arid and Extreme Calcareous, sierozemic, Alluvial Wheat, cotton, gram, Bajra,
arid (Recent), desert rice
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Sl. Sub-Region Rainfall Climate Soil Crops
No. (mm)

VII: Eastern Plateau and Hills Region

1 Eastern Plain 1271 Dry sub-humid Medium to deep black red Rice, linseed, Jowar, wheat,
and yellow gram, groundnut

2 Eastern Highland 1436 Moist sub-humid Red sandy, red and yellow Rice, maize, niger, wheat
to dry sub-humid

3 North Central Plateau 1296 Moist sub-humid Red sandy, red and yellow Rice, maize, wheat, Ragi
to dry sub-humid

4 Eastern Plateau 1369 Moist sub-humid Red & yellow, Red loamy Rice, maize, Ragi, wheat
to dry sub-humid

5 Tribal 1338 Moist sub-humid Red sandy, red and yellow, Rice, Ragi, niger,
to dry sub-humid red loamy laterite maize

VIII: Central Plateau and Hills Region

1 Bundelkhand (UP) 780 Dry sub-humid Mixed red & black Wheat, gram, Jowar, rice
to arid

2 Bundelkhand (MP) 700 Dry sub-humid Mixed red & black Wheat, gram, Jowar, rice
to semi-arid

3 North Hills 1570 Moist sub-humid Red & yellow Rice, wheat, niger
to dry sub-humid

4 Kymore Plateau 1100 Dry sub-humid Red and yellow Medium black Maize, wheat, rice, gram,
Satpura hills linseed

5 Vindhya Plateau 1130 Dry sub-humid Medium black Wheat, gram, Jowar, rice
6 Satpura Plateau 1220 Dry sub-humid Shallow black, mixed red and Jowar, wheat, Arhar

black
7 Central Narmada Valley 1300 Dry sub-humid Deep black, skeletal Wheat, gram, soybean, Jowar
8 Gird 670 Semi arid (half drier Medium black, alluvial Wheat, gram, Jowar,

& wetter half) rapeseed, Bajra
9 South Eastern Plains 760 Semi-arid (wetter Medium black wheat, Jowar, gram, maize

half)
10 Southern Plains 760 Semi-arid to arid Medium red and black, grey brown Maize, rice, wheat, gram
11 Transitional Plain 490 Semi-arid (wetter Desert soil, grey brown Bajra, wheat, sesame,

half) rapeseed, Jowar
12 Southern Plains & 500 Semi-arid (wetter Red and yellow, grey brown Maize, wheat, gram, Jowar

Aravali Hills half)
13 Semi-arid Eastern Plains 500 Semi-arid (drier half) Alluvial Wheat, Bajra, Jowar, gram
14 Flood Prone Eastern Plain 500 Semi-arid (drier half) Alluvial (Recent) Bajra, wheat, rapeseed, gram,

Jowar

IX: Western Plateau and Hills Region

1 Hill region 988 Semi-arid Medium to deep black shallow Jowar, Bajra, groundnut
red, red loamy

2 Scarcity region 602 Semi-arid Medium black, deep black Jowar, cotton, wheat
3 Plateau region 874 Semi-arid (wetter Medium black, deep black, Gram, Jowar, cotton, wheat

half) mixed red

IX: Western Plateau and Hills  Region

4 Plateau region South 1040 Semi-arid to dry Medium black, shallow black Cotton, Jowar, Tur, wheat
sub-humid
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Sl. Sub-Region Rainfall Climate Soil Crops
No. (mm)

X: Southern Plateau and Hills Region

1 Sub-region-1 769 Semi-arid & arid Medium, black, Red loamy Jowar, cotton, groundnut,
Bajra

2 Sub-region-2 677 Semi-arid Red loamy, medium black, Groundnut, Ragi, Jowar, rice
red sandy, coastal alluvium, laterite

3 Sub-region-3 725 Semi-arid & arid Red sandy, medium to Jowar, rice, castor, groundnut
deep black

4 Sub-region-4 1001 Semi-arid (wetter Deep black, medium black. Rice, Jowar, maize, cotton,
half) groundnut

5 Sub-region-5 865 Semi-arid Red loamy, red sandy Ragi, Jowar, groundnut, rice
6 Sub-region-6 841 Semi-arid to Dry Mixed red and black red Rice, Jowar, groundnut, Bajra

sub-humid loamy, deltaic alluvium

XI. East Coast Plains & Hills Region

1 North Orissa Coast 1287 Moist sub-humid Deltaic alluvial, coastal alluvial, Rice, groundnut, jute, sesame,
laterite, red loamy Ragi

2 North Coastal Andhra 1128 Dry sub-humid Red loamy, laterite medium Rice,  Ragi, groundnut, Bajra,
black, red, sandy, coastal alluvial sesame

3 South Coastal Andhra 996 Semi-arid Deltaic alluvium, deep black, Rice, cotton, Jowar, tobacco,
red, sandy, red & black groundnut

4 North Coastal Tamilnadu 1036 Semi-arid Red loamy, red sandy, coastal Rice, groundnut, Bajra, Jowar
alluvium

5 Tanjavur 1113 Semi-arid to dry Deltaic alluvium, red loamy Rice, groundnut, sesame,
sub-humid sugarcane

6 South Coastal Tamilnadu 780 Semi-arid (drier Mixed Red & Black, coastal Rice, cotton, Bajra,
half) alluvium groundnut

XII. West Coast Plains & Ghats Region

1 Coastal Hilly 3640 Per humid & humid Laterite, red loamy, coastal Rice, Ragi, sesame, niger
alluvium

2 Coastal Midland 3127 Dry sub-humid & Red loamy, coastal alluvium, Rice, tapioca, Ragi, banana
per humid laterite

3 Midland 2727 Per humid Laterite, red loamy, coastal Rice, tapioca, groundnut,
alluvium banana

4 Hilly 226 Per humid Red loamy, mixed red and black Rice, Ragi, Jowar, groundnut

XIII. Gujarat Plains & Hills Region

1 South Gujarat 1793 Semi-arid to dry Deep black, coastal alluvium Rice, Ragi, sugarcane, Jowar
(heavy rainfall ) sub-humid

2 South Gujarat 974 Semi-arid to dry Deep black, coastal alluvium Jowar, Arhar, cotton, wheat
sub-humid

3 Middle Gujarat 904 Semi-arid Medium black Rice, maize, Bajra, cotton
4 North Gujarat 735 Arid to semi-arid Grey brown, Coastal alluvium Bajra, cotton, Jowar, wheat
5 North-West arid 340 Arid to semi-arid Grey brown, deltaic alluvium Bajra, groundnut, Jowar,

cotton
6 North Saurashtra 537 Dry sub-humid Medium black Bajra, Jowar, groundnut,

cotton
7 South Saurashtra 844 Dry sub-humid Coastal alluvium, medium black Groundnut, wheat, Bajra,

cotton

XIV. Western Dry Region

Western Dry 395 Arid to extremely arid Desert soil, grey brown Bajra, gram, wheat, rapeseed

XV. The Islands Region : Sub-regions not delineated.

Source: Guha; G. S. & D. N. Basu: Agro-Climatic Regional Planning in India (Vol.I: concept  and applications).pp. 127-131
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