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SUMMARY

Agroecological intensification of rice based cropping system mainly aims at
achieving maximum system productivity with minimum environmental impact by
managing and organizing crops in a way that they best utilize the available resources
(soil, air, sunlight, water, labour, equipments) and beneficial interactions among
themselves. Based on agro-ecological conditions, market and domestic necessities
and facilities available with farmers, the dominant rice based cropping systems
followed in eastern India are rice-rice, rice-wheat, rice-rapeseed/mustard, rice-
groundnut, rice-potato and rice-pulses etc. Cropping system research systematically
focused on development and management of site specific suitable rice based cropping
system particularly for rainfed regions of the country to ensure livelihood security of
the poor, small and marginal farmers. Ecological intensification is conceptualized to
increase crop yields per unit land, time, and other consumable resources used in food
production. Therefore, for improving the profitability, addressing biodiversity
conservation, climate change mitigation and long term sustainability we have to
exploit the food production system through ecological intensification of suitable rice
based cropping systems.

1. INTRODUCTION

Indian agriculture is largely dependent on rice based cropping systems.
Productivity enhancement of these systems has been proved as an important means
of achieving livelihood security, higher income, reduced poverty and employment
generation. Rice-based cropping system secures the livelihood of more than half a
billion farm families. Since Green revolution, the food grain production has increased
manifold in India with adoption of input responsive high yielding varieties. However,
urbanization and globalization and rapid economic growth has already brought a
considerable change in the food habits from staple food towards fruit, vegetables etc.
Hence, the per capita rice consumption has followed a declining trend and it seems
the trend would continue till 2030 indicating for an urgent attention toward diversified
and intensified cropping system. Adding to it cereal based cropping systems has
raised many uncommon issues now and continuation of the green revolution practices
has degraded the soil health and fertility, brought dominance of weed flora, soil
pathogen etc.

Rice-based cropping systems also produce and emit dominant green house gas
(GHG) methane that largely controlled by water and residue management practices.
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Further, the importance of prevailing rice based cropping system is now-a-days losing
ground due to decrease in factor productivity. Therefore, identification of suitable
rice-based cropping systems with higher resource use efficiency fitting to the local
agro ecological situation is the need of hour for improving the profitability and
employment generation in agriculture.

Diversification has been well reported as an alternative option for sustaining the
land productivity and enhancing farm income for achieving a stable agricultural
development. In eastern Indian states, rice-based cropping systems are the most
dominant system covering 43% of the country’s rice growing area. Rice-based systems
are intimately connected with development of water resources as rice is a big consumer
of water.

However, the natural resources are shrinking day by day making resource-use
efficiency an important issue while considering the suitability of any cropping system.
As rice is synonymous with life of eastern Indian people any alternation to the
existing system with a tendency to decline rice productivity will be neither sustainable
nor acceptable to the farmers. Therefore, component crop selection to be well
maneuvered to harvest the synergism among this crops for efficient utilization of
resources while mitigating the adverse environmental impacts.

In this chapter authors have tried to identify the issues associated with rice based
cropping system. Current station of diversification and intensification of the rice
based cropping system has been discussed. Further the optimal management options
indentified in different parts of the country and abroad has been explained. The
problem and management options for addressing rice fallows particularly in eastern
India has been summarized.

2. Agro-ecological intensification

Agricultural intensification aims at increasing the productivity of existing land
and water resources in the production of agriculture and allied products.
Intensification was generally associated with higher external inputs use earlier but
now defined as more efficient use of production inputs. Use of high yielding varieties
with higher resource/labour use efficiency resulted substantial productivity
enhancement. Better management practices has already brought in rice intensification
(SRI) in most of the rice growing countries raising the land, water, seed and labour
productivity (Hassan et al. 2015). However, ecological intensification (EI) is gaining
momentum now internationally. Ecological intensification is conceptualized as an
increasing crop yields per unit land, time, and other consumable resources used in
food production. It is particularly relevant for addressing biodiversity conservation
and climate change mitigation (Laurance et al. 2014). The original vision of ecological
intensification was based on narrowing the yield gap, soil quality improvement and
precise application of inputs (Cassman 1999).

An estimate says that India is home to more than 250 cropping systems. Based on
rationale of spread of crops; about 30 cropping systems have been identified as
important cropping systems. Among these, rice-based cropping system is the major
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cropping system practiced in India. In rice ecosystem of eastern India, rice-rice, rice-
wheat, rice-rapeseed/mustard, rice-groundnut, rice-potato and rice-pulses are
commonly practiced cropping sequences. With the introduction of stress tolerant
and short duration varieties, irrigation facilities and conservation practices there is
tremendous scope for crop intensification for increasing system productivity and
income of farmers. Diversification of crops and cropping systems having higher
water productivity, economic profitability and long-term sustainability with the
availability of modern management techniques may prove a better option in this
respect. Inclusion of legumes and oilseeds using intensification approach based on
resource availability can make a substantial enhancement in productivity and income
in addition to soil fertility improvement.

Rice based cropping system seems to be continued as the mainstay of Indian
agriculture. To achieve the livelihood security of the poor, small and marginal farmers,
we need to develop rice based system with higher productivity and profitability by
practising multiple cropping both in irrigated and rainfed ecologies. A number of
alternative cropping systems have already been identified (Table 1) for different regions
of the country and neighbouring countries. It is necessary to enhance the profitability
and sustainability of newly developed diversified and intensified cropping system
through appropriate management practices. Simply accelerating yield gains of existing
food production system leads to amplification of environmental degradation which is
not sustainable for ensuring food security. Therefore, we have to exploit the food
production system through ecological intensification of existing cropping systems.

2.1. Rice-wheat cropping system

Rice-wheat cropping sequence is the predominant cropping system covering
about 10.5 million hectares of area in the country with a major contribution to the
cereal production. Continuous adoption of rice-wheat sequence has led to weed flora
shift; disease and insect-pest build up, decline in factor-productivity, which ultimately
resulted in declining the system efficiency and productivity. Hence rice-wheat system
can be made sustainable and profitable following the ecological approaches. For
example, rice-vegetable pea-wheat-greengram sequence was a better system than
rice-wheat at Karnal, Haryana, whereas hybrid rice-gobhi sarson-okra system registered
maximum water productivity, production efficiency and rice equivalent yield compared
to the pre-dominant cropping system of the region i.e. rice-wheat and rice-chickpea in
clay loam soils of Jabalpur (MP). Desai et al. (2016) concluded that resource rich
farmers can diversify the existing rice- wheat- fallow system to rice-sorghum-sorghum
ratoon system for obtaining higher system productivity and profitability in south
Gujarat but resource poor farmers can adopt rice-sweet corn- black gram or rice-green
gram-groundnut cropping system for improving the soil fertility. In Punjab, maize-
potato-onion cropping system has been recommended as an efficient cropping system
for replacing existing rice-wheat system. Similarly, rice-wheat cropping system can
effectively be replaced with rice-vegetable systems with the inclusion of vegetables
like french bean, potato, cauliflower, rajmash, peas and garlic to fulfil the daily needs
of farmers and to get higher returns and better soil health. The rice-chickpea-vegetable
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cowpea cropping system can be suggested for diversifying rice–wheat system in the
irrigated situations of Kumaon Himalayas.

Intercropping of legumes, vegetables and other high value crops along with the
new crop establishment techniques i.e. FIRBS is the way towards farmer’s nutritional
security and economic growth (Naresh et al. 2017). Prasad et al. (2013) observed that
intercropping of potato with wheat and inclusion of greeengram seems more
productive, resource-use efficient and remunerative compared to rice–wheat or rice–
fallow systems under irrigated ecosystem of Jharkhand. Saha et al. (2010) reported
that rice-potato-blackgram and rice-maize (cob) + vegetable pea (1:2)-green gram
cropping system was superior to rice-wheat system in sandy clay loam soils of
Varanasi, UP.

Introduction of green manuring or leguminous crops in the existing rice-wheat
system in our neighbouring country Pakistan not only increased grain yields but also
improved the physio-chemical properties, organic matter contents and nutrients
availability. Unlike Pakistan, additions of cereal crops under cereal based cropping
system were also found most energy, environmentally and economically efficient
cropping systems for tropical region of Nepal (Pokhrel and Soni 2017).

2.2. Rice-rice cropping system

Next to rice-wheat, rice-rice is another extensively cultivated cropping system
spreading over 6 million hectares area in India. Poor resource use efficiency, micro
nutrient deficiency and deterioration of soil physical properties are major issues for
sustaining productivity of rice-rice cropping system. Sharma et al. (2016) suggested
for adoption of good agricultural practices and conservation agriculture for increasing
the productivity and income of rice based cropping systems. Baisya et al. (2016)
revealed that highest rice-equivalent yield and nutrient-use efficiency and productivity
can be achieved by cultivation of cabbage-greengram/blackgram in place of summer
rice. Under irrigated lands of Bihar, rice-tomato-bottle gourd, rice-potato–onion, rice–
coriander–lady’s fingers, rice–carrot–cowpea and rice–mustard–tomato cropping
systems are promising. However, in irrigated Chhattisgarh plains rice-potato-cowpea
system was most productive with rice-equivalent yield of (27.04 t ha-1 year-1),
production efficiency (83.97 kg ha-1 day-1), profitability (Rs. 320.36 ha-1 day-1), and
higher net return of Rs. 1,16,929 ha-1 year-1 as compared to other cropping systems
(Prasad 2016).

In rice-rice double cropped areas of Krishna–Godavari delta of Andhra Pradesh,
replacing dry season rice crop with maize recorded higher system productivity along
with economic efficiency whereas rice–mustard system recorded highest system
energy use efficiency (Rao et al. 2014). Sravan et al. (2014) observed that inclusion of
sunnhemp and blackgram is the best system for North Coastal Zone of Andhra Pradesh.
In the high rainfall zone of south Gujarat rice–fenugreek–okra system was most
productive and remunerative followed by the rice–onion–cowpea system.

 Inclusion of high yielding mustard either under tilled or zero tilled relay
cropping can also bring substantial improvement of rice- rice cropping system (Hassan
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et al. 2015). Alam et al. (2017) opined that diversifying boro rice with wheat-mungbean
is economically superior to boro rice-aman rice system. A additional crop of pea as
green pod vegetable in rice–fallow–spring irrigated rice cropping system increased
farm productivity by 1·4-fold and income by four fold (Malik et al. 2017). However, in
non-saline areas of Bangladesh, the most profitable cropping pattern is rice -mustard-
jute and rice-potato-jute compared to rice-boro rice cropping system. Further
intensification of the double rice cropping sequence with addition of mustard,
mungbean in lowland rice ecosystem of Bangladesh can be done for higher productivity,
soil enrichment, economic benefit and employment.

In irrigated medium land of coastal Odisha rice-sunflower-greengram, rice-maize-
cowpea, rice-potato-sesame are found promising with highest rice equivalent yield of
18.8 t ha-1 which was recorded in rice-potato-sesame cropping sequence followed by
rice-maize-cowpea (18.2 t ha-1). Based on the research work done under different on-
farm trials in rice based cropping sequence, watermelon, chilli and sunflower found
promising crops for both medium and high salinity areas whereas, lady’s finger found
most remunerative under medium salinity condition after rice.

2.3. Rice-maize cropping system

Rice-maize cropping system are practised about in 3.5 million hectares areas in
Asia while it is grown in 0.53 million hectares in India. This system is developing very
first in Bangladesh, South and North India. Rao et al. (2014) reported that shifting
rice-rice double cropping in Krishna-Godavari delta areas of Andhra Pradesh to rice-
maize, recorded higher system productivity and economic efficiency whereas higher
system energy use efficiency was observed in rice-mustard and higher land use
efficiency was recorded in groundnut. Rice-rice or rice-fodder maize sequence had an
adverse impact on yield sustainability as it decreased the yield in low land rice
ecosystem of Karnataka but rice-soybean cropping sequence maintained/sustained
the rice yield on long term basis. Bastia et al. (2006) has concluded that rice-maize-
cowpea was the most productive and remunerative cropping system in Bhubaneswar,
Odisha.

2.4. Rice-pulse cropping system

Rice-pulse cropping system are dominant crop rotation in eastern India particularly
in Chhattisgarh, Odisha and parts of Bihar. Rice-blackgram, rice-greengram sequence
or as paira crop are popular and unique in rainfed lowland rice ecosystem of Odisha,
where these two tropical crops are grown in winter season after rice and it is subjected
to low temperature. Dwivedi et al. (2016) proved that rice-rice ratoon-greengram
sequence was best combination in terms of production and energy efficiency in
coastal Odisha. Growing of jute-rice-greengram offers more advantages than the
traditional cropping system as this system of crop intensification could improve soil
fertility and increase crop productivity. Sunnhemp-rice-black gram has also registered
the highest returns per rupee invested (2.52) and hence was suggested for Coastal
Andhra Pradesh.
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2.5. Rice-oilseed cropping system

Rice-oilseeds cropping sequences are considered as valuable cropping system
for food and nutritional security. In eastern India, rice-groundnut, rice-rapeseed/
mustard are predominant cropping systems. The rice-groundnut cropping system
can be replaced with rice-brinjal cropping sequence in mid-central table land zone of
Odisha as it provides maximum net return owing to higher system productivity
(Samant 2015). The finding by Lal et al. (2017) at NRRI, Cuttack demonstrated that
early sowing of dry season toria after rice is profitable and it ensures profitability of
rainfed rice based cropping system.

2.6. Rice-fallow

Rice fallow includes medium and low lands, which are kept fallow after kharif
paddy. The prevailing practice of leaving land fallow after harvest of rice is no more
economical and sustainable. Odisha accounts for around 10% (12.2 lakh ha) of the
total rice fallow of India (11.65 m ha). Utilization of fallow lands is likely to generate
considerable income and employment opportunities for the millions of small
landholders in the region. Efficient and proper utilization of rice-fallow lands in dry
season after a rice crop has the ability to meet the demands arises for food and
nutrition of the growing population. A number of short duration and moisture stress
tolerant crops and their improved varieties can be grown in these fallow lands as the
climatic and soil condition of the fallows varied from vary small duration to as long as
3 months. Pulses, because of shorter duration and their ability to grow under residual
moisture are good candidates for efficient utilization of fallows. However, knowledge
and technical gaps in management practices of pulses under fallows and different soil
conditions creates hindrance in its proper utilization. Adoption of early and mid early
rice varieties in wet season will have a greater window for raising a good crop in dry
season particularly the pulses and oilseeds having tolerance to low temperature.

However, energy requirement of different cropping systems varied a lot, different
crops and varieties may be suitable for specific locations while going for intensification
of the systems. Cultivation of no- till vegetable pea after rice harvest in rice- fallow
areas recorded higher green pod yield (5.89 t ha-1) resulting in 44 % less energy
requirements compared to conventional tillage (Singh et al. 2015). In another study,
Das et al. (2008) observed significantly higher net return in rice–french bean system
as compared to rice mono-cropping. Farmer’s net income enhanced by Rs.29,000 ha-1

and Rs 21,500 ha-1 over rice-fallow system due to inclusion of pea (vegetable) and
lentil, respectively, in the system following no tillage practice. Singh et al. (2014)
suggested that the suitability and profitability of cropping system varies not only
with soil type but also with soil series. For example rice–potato produced higher yield
in Lahangaon series whereas rice–pea in Teok series of Upper Brahmaputra valley of
Assam.

In rice fallows of eastern India, various pulses, viz. lathyrus, lentil, field pea,
blackgram, greengram, chick pea, fababean and oilseeds crops viz. linseed, mustard,
and niger etc. can be grown as utera crop. Selection of crop and varieties are important
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Table 1. Recommended intensified cropping systems for different regions.

Region Existing system Recommended system
Pakistan Rice-wheat rice–wheat–greengram–lentil
Nepal Rice-wheat Rice-lentil-maize, Rice-lentil-greengram
Bangladesh Rice- rice Rice-vegetable pea-rice
Non-saline areas of Satkhira Rice- rice Aman rice-mustard-jute
district in Bangladesh Aman rice-potato-jute
High Ganges River Flood plain Rice- rice Wheat-greengram- rice
of Bangladesh
Bangladesh Rice- rice Rice-mustard-rice
Sandy clay loam soil of Rice-wheat Rice-potato-blackgram, rice-maize
Varanasi (UP) (cob) + veg. pea (1:2) – green gram

cropping
Karnal, Haryana Rice-wheat Rice - vegetable pea - wheat-

greengram
Punjab Rice-wheat Maize-potato-onion
Clay loam soils of Rice-wheat Hybrid rice-gobhi sarson-okra
Jabalpur (MP) Rice-chickpea
South Gujrat Rice-wheat Rice-sorghum-sorghum ratoon

Rice-sweet corn-blackgram
Rice-greengram-groundnut

High rainfall zone of Rice-rice Rice–fenugreek–okra
south Gujarat
Krishna –Godavari delta Rice-rice Rice-maize, Rice – mustard
areas of Andra Pradesh,
North Coastal Zone of Rice-fallow Sunnhemp-rice-blackgram
Andhra Pradesh
Low land rice ecosystem Rice-maize Rice-soybeanRice-marigold
of Karnataka
Jharkhand (irrigated ) Rice-wheat Rice–potato + wheat (1:1)–

Rice-fallow greengram, Rice–potato–greengram
Irrigated medium land acid Rice-rice Winter rice–cabbage- greengram
soil situation of Assam Rice–chilli–blackgram
Irrigated ecosystem in Bihar Rice-rice Rice–tomato–bottle gourd, Rice–

potato–onion, Rice–coriander–lady’s
fingers, Rice–carrot–cowpea

Chhattisgarh plains Rice-rice Rice-potato-cowpea
Upper Brahmaputra Rice fallow Rice– potatoRice –pea
valley zone of Assam
Coastal plain zone of Odisha Rice-fallow Rice-ratoon-greengram, Rice-greengram/

blackgram
Rice fallow, Khurda Rice-fallow Rice-utera blackgram
District of Odisha
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criteria for getting the desire result from utrea crop. The results of on-farm trials
proved that the blackgram crop was the most feasible crop in coastal Odisha. Crops
like sunflower, groundnut, watermelon, lady’s finger can be raised with limited irrigation.
Medicinal crops like brahmi, bhrungaraj, bhukadamba, panmadhuri, juani, jalabrahmi
were found promising in rice based cropping sequence for increasing the profitability
of rice farmers. Sunflower found promising in coastal Odisha after rice with limited
irrigation.

3. MANAGEMENT OF RICE-BASED CROPPING SYSTEM

System productivity of different cropping sequences and systems depends on
optimum management of resources by considering system as one unit. Efficient crop
establishment methods followed by optimum management of water and nutrients
coupled with need based control of various biotic stresses particularly weeds are
prerequisites for sustainability of any production system.

3.1. Crop establishment

Crop stand establishment is the most critical operations for ensuring a good crop
particularly under rainfed situations. In rice-based cropping system; rice is commonly
established by transplanting. Huge amount of water and labour requirements for
transplanting reduces profit margins and become less remunerative. Puddling of land
makes the land unsuitable for subsequent crop production in transplanted rice. Thus,
the rice–rice and rice-wheat systems practised currently are unsustainable. Therefore,
management practices with reduced cost of production and increased productivity
and lower environmental ill effects are needed which can be achieved switching to
conservation agriculture (CA) practices. In heavy clay soils, where there is less chance
of land preparation, ‘zero tillage crop establishment’ following relay cropping or dibble
seeding in rows with crops like greengram, blackgram, lathyrus, linseed and lentil are
suggested for higher system productivity. Mulching with crop residues like rice straw
helps in moisture conservation and early establishment of crops.

From cropping system study in rice-wheat belt, drum seeding (wet bed, unpuddled)
resulted in higher grain yield of hybrid rice, whereas direct seeding (dry bed, unpuddled)
adopted in the preceding rice crop produced greater yield of wheat, chickpea and
Indian mustard. Direct seeding (dry bed, unpuddled) also increased the net returns
and benefit:cost ratio. Shweta and Malik (2017) recorded maximum mean grain (4.24 t
ha-1 ) and straw (6.24 t ha-1 ) yields of wheat in rice-wheat system when rice was
established through direct seeding and nutrient uptake (NPK) by the wheat crop was
highest under direct seeded rice due to rice establishment methods.

3.2. Energy management

Energy is the most critical inputs in agriculture and availability of the appropriate
energy and its efficient use are pre requisites for sustainable agricultural production.
Energy efficiency can be achieved through adaption of suitable cropping system
with integrated crop management practices. Energy use efficiency varies with cropping
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system, e.g system energy use efficiency was higher in rice–mustard followed by
rice–sunflower and rice–maize, while it was lowest in rice-black gram and rice-ragi
systems but rice–maize recorded the highest energy productivity followed by rice-
rice and rice–mustard and the energy productivity was lowest in rice-ragi and rice-
gingelly (Rao et al. 2014). Energy-use efficiency (EUE), in terms of total output energy/
total input energy, was significantly higher in rice–lathyrus cropping system followed
by rice–sunflower + greengram compared to other crop sequences as legumes require
much less energy than other crops (Walia et al. 2014). However, the suitability and
adaption of cropping system is more dependent on the total energy requirement than
the energy use efficiency particularly based on land holding size. For medium and
large farmers, jute–potato–rice, rice–potato–rice and rice–potato–sesame are suitable
due to higher system productivity but at the cost of higher consumption resulting
lower energy productivity. However, jute–wheat and jute–rapeseed–rice are considered
to be suitable for small and marginal farmers because of their moderate cost of
cultivation and net return with better energy use efficiency (Biswas 2017). Rice-
sunflower and rice-horsegram cropping systems were energy efficient systems with
high net energy despite of having low system productivity (Rautaray et al. 2017).

 On the basis of productivity, profitability and energy use efficiency, rice–
potato–lady’s finger was found to be the best crop sequences for Indo-Gangetic
Plains of West Bengal. In red sandy loam soils of northern Telangana, rice-maize and
rice-sunflower cropping systems are sustainable cropping sequences as higher
production efficiency, input use efficiency and profit was achieved with lower energy
input than the other cropping sequences particularly rice-rice.

The energy and monetary budgeting of cropping systems should be done for
sound planning of sustainable systems. Rice-wheat system gained 27.7, 21.2, 17.2
and 10.8 per cent higher net return energy than soybean-wheat and pigeon pea-
wheat systems, rice-vegetable pea-wheat-green gram and maize-vegetable pea wheat
systems, respectively. Adaption of greengram and Sesbania as green manuring crop
in rice-wheat cropping systems increases the energy output of the system by 10 and
14% compared to rice-wheat summer ploughing system.

3.3. Nutrient management

Productivity and profitability of a cropping system depends mostly on nutrient
management practices. It is essential to have clear-cut idea about the nutrient
requirements of component crops, their uptake pattern, soil contribution and use
efficiency for developing the optimum nutrient management schedule of an intensive
rice-based cropping system. Long term fertilizer experiments indicated decreasing
trend of productivity in intensive rice based cropping systems with recommended
doses of fertilizers. Therefore, an alternative integrated nutrient management system
is required to maintain or improve soil fertility to achieve the desired levels of crop
productivity and improved physio-chemical and biological properties and SOC
sequestration through optimisation and integration of all available sources of plant
nutrients. The INM approach is more suitable in rice based cropping systems compared
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to other cropping systems as rice is predominantly grown under submerged soil
conditions with greater scope for using different nutrient sources.

Combinations of organic and inorganic fertilizer can augment SOC and other
nutrient accumulation and improve crop production under rice based cropping systems
(Hossain et al. 2016). Cow dung and manures when combined with NP fertilizer
increased SOC content by 0.30 Mg ha-1 yr-1 in a rice-wheat rotation. The INM strategy
have already results in economically viable, agronomically feasible and
environmentally sound sustainable crop production systems by improving soil fertility
and C sequestration, and reducing N losses and emission of greenhouse gases. High
yield in a rice-wheat cropping system can be obtained through integrated nutrient
management by including green manure, legume residues or loppings which can save
upto 80–120 kg N ha-1 or by applying them with 80 kg N ha-1, 1 t ha-1 more grain and
about 3t ha-1 more straw can be produced compared to plots receiving no organic
manures/residues. In rice + blackgram intercropping application of 15 kg N through
FYM and 20 kg N through chemical fertilizer (urea) + 40 kg P

2
O

5
 + 40 kg K

2
O yielded

37% higher REY than the recommended fertilizer dose (Mishra et al. 2012).

Under south Gujarat condition, Mansuri et al. (2016) observed that application of
50% recommended dose of nitrogen (RDN) through farmyard manure(FYM) and 50%
bio-compost through improved the availability of nitrogen, phosphorus and potassium
in soil. Similarly, application of 50% RDN through chemical fertilizers coupled with
50% RDN through green manuring of azolla or through farm yard manure to kharif
rice followed by supply of recommended dose of chemical fertilizers to summer rice
can be adopted for rice–rice cropping system in coastal Odisha to obtain higher and
sustainable yield and maintenance of soil health (Mishra et al. 2017).

Higher system productivity of rice-maize cropping system was achieved with
application of 50% NPK through fertilizers + 50% N through Glyricidia to rice and
75% RDF to succeeding maize crop. However, the uptake of these nutrients was more
with 50% N substitution either through FYM or Glyricidia to kharif rice, whereas
higher nutrient uptake by maize was recorded with 100% NPK supplied as inorganic
source. Kumar et al. (2017) suggested that replacing summer rice with maize in rice-
rice cropping systems is beneficial in limited irrigation when INM is followed with use
of locally available organic nutrient sources i.e. paddy straw/green manure crops.

Site Specific Nutrient Management (SSNM) is another potential option for
improving productivity, net income and nutrient use efficiency without depletion of
soil fertility in rice based systems in Indo Gangetic Plains. Site specific nutrient
management could improve the REY of system by 9.5 to 30%, over blanket
recommendation, soil testing based recommendation and farmers practice, respectively
(Singh et al. 2015). Site specific nutrient management has successfully been
demonstrated in India and proved to be of environmental friendly owing to its balanced
and need-based nutrient application.

Conservation agriculture involving zero- or minimum-tillage and crop residue
management are key technologies for agro ecological intensification of rice based
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cropping systems as it reduces the risk arise out of climate change while making the
production sustainable. Mulch can increase yield, water use efficiency, and
profitability, while decreasing weed pressure. Use of wheat residue in rice does not
have any adverse effect on rice yield if incorporated to soil. Further residue retention
under conservation tillage practices also enhanced the system yield in rice-wheat
cropping system (Yadav et al. 2017).

 Application of 100% recommended dose of fertilizer to the preceding rice crop
along with the ‘P’ of blackgram to rice at sowing substantially may improve the seed
yield as well as net monetary benefit in rice-blackgram utera cropping sequence.
Application of blanket fertilizer reduced the yield and was economically unsuitable.
Further application of phosphorous to rice crop can enhance the grain and stover
yield of blackgram due to the residual effect.

3.4. Water management

Water availability is an important criterion for selecting components crops in a
cropping system particularly in dry season due to non availability of natural rainfall.
The water use efficiency can be increased by identification of appropriate crop
combinations. More so, agro ecological intensification of rice based cropping systems
largely depends upon water availability in dry season. In rice-based cropping system
crop water management in rice has a greater impact on the succeeding crop due to
change in water regime. Puddling is time consuming, capital intensive and requiring
more water and causes subsurface compaction, thereby is not conducive to the
succeeding crops. New technologies for saving water, such as alternate wetting and
drying, saturation soil culture, raisedbeds and aerobic rice found promising in
enhancing water productivity of rice cultivation in South Asia. However, in the coarse
texture soils of Punjab a good combination of water management practice and puddling
intensity can enhance the water productivity and sustain system productivity.
Flooding to field capacity throughout the rice crop considerably reduces the number
of irrigations and also gives higher water use efficiency. Besides, the depth of
submergence at 3–10 cm is sufficient for the optimum yield and control of most
weeds. Alam et al. (2017) observed that the wheat–mungbean–dry seed aman rice
system had a very large effect on water productivity and achieved the highest value
of 12–17 kg ha”1 mm”1. In sequential cropping, supplemental irrigation after rice had a
significant effect on grain yield of winter crops in rice based cropping system and
with two supplemental irrigation at tassel initiation and grain filling stage of maize,
peg initiation and pod development stage of groundnut, 50% flowering and grain
filling of sunflower, crown root initiation and jointing stage of wheat, stolonization
and tuberization of potato increased water use efficiency and productivity. Singh et
al. (2014) reported that higher field water use efficiency and yield of dry crops after
rice with two life saving irrigations in groundnut, lentil, rapeseed and potato
respectively. The water use efficiency of rice–lentil–greengram system was higher
than rice–wheat-greengram and higher rice equivalent yield was obtained in rice-
wheat-greengram and rice lentil greengram compared to rice-wheat system. Higher
water productivity and lower water use can be achieved in rice by soil mulching in
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combination with direct seeded aerobic condition. Further improvement in water
productivity can be achieved by reducing area under summer rice in Gangetic flood
plains of West Bengal by substituting with other food crops like wheat, maize and
pulses which is necessary for sustainability of agroecosystem security and economic
growth of the farmers. Enhancing water productivity through water saving
technologies is not individual farmer’s affairs. Mass awareness programme is required
to educate all the farmers of a village or region about modern technologies for water
saving as well as yield maximization using modern management practices.

3.5. Weed dynamics and management

Weeds are major biotic stress which affects crop production due to crop weed
competition. Weeds are dynamic in nature and weed infestation largely depends on
type of crop, cropping system and cultural practices. Cropping system intensification
in combination with new management practices has a great impact on the weed flora/
dynamics of the region. Cultural practices like crop rotation, crop geometry, moisture
regime, mulching, tillage practice influences the dominance of weed flora and its
distribution thus determines the weed control methods. Soni et al. (2012) concluded
that relative weed density and weed-flora differed from crop to crop from early stage
to maturity of crops. Thus, infestation of severe weeds viz., Phalaris minor in wheat,
Chichorium intybus and Rumex spp. and Medicago denticulata in berseem could be
minimized by intensified and diversified them with other crops with higher production
efficiency. Mishra and Singh (2012) revealed that Echinochloa colona L. and Cyperus
iria L. population density can increase in rice due to continuous zero-tillage in rice
wheat cropping system. Zero-tillage reduced the population of Avena ludoviciana L.
and Chenopodium album L. but increases the density of Medicago hispida compared
to conventional tillage systems.

Research results from Modipuram indicated a significant impact of stale seedbed
in reducing the weed incidence in rice-wheat system as compared to the traditional
seedbed preparation.Crop rotation using weed smothering and land covering crop
such as cowpea, soyabean and blackgram reduces the weed population a substantial
level. Similarly, intercropping systems involving rice and non-rice crops like greengram,
blackgram, pigeon pea or groundnut can help in suppressing the weeds in upland.
Intensification of rice-wheat system through inclusion of summer greengram though
produces comparable grain yield to summer cowpea or Sesbania green manuring but
recorded lower grasses and sedges and weed dry matter. Weed management by using
herbicides gaining popularity due to easiness and low-cost involvement, but
herbicides are highly crop specific and has residual effect on succeeding crop.
Therefore, selection of herbicides for weed management in cropping system particularly
in intercrops should consider about the selectivity and residual effect on succeeding
crops. In direct seeded rice-wheat cropping system, conventional tillage in both
crops and pre-emergence application of butachlor at 1.5 kg ha-1 followed  post-
emergence application of + 2,4-D at 0.5 kg ha-1 in rice and isoproturon at 0.75 kg ha-1

+ 2,4-D at 0.5 kg ha-1 post-emergence in wheat produced maximum rice equivalent
yield and net returns as compared to other tillage practises and weed control method,
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respectively and thus ultimately reduce weed density and weed biomass under the
conservation tillage. Application of herbicide bispyribac sodium 25 g ha-1 at 15 days
after transplanting (DAT) followed by one hand weeding at 45 DAT can be
recommended for better weed control, growth and yield of transplanted rice without
significantly affecting the black gram growth and establishment (Parthipan et al.
2013).

In rice-wheat cropping system, the conservation tillage may have positive effect
on the suppression of weeds in wheat. By understanding the nature of weed seed
bank, various methods of integrated weed control should be formulated. The adoption
of recommended agronomic practices, understanding the nature of the weeds and
conservation agriculture can help the farmers to obtain the maximum productivity of
rice-wheat cropping system.

3.6. Environmental impact

Rice-rice cropping system is being seen as a major culprit due to higher methane
emission from anaerobic condition. However improved management practices such
as conservation tillage, crop residue retention and FYM incorporation to soil can
improve SOC accumulation which is a major agricultural strategy for mitigating
greenhouse gas emissions, enhancing food security and sustainability. Diversification
of rice-rice cropping system involving other dry crops can reduce the methane emission
from the system but there is possibility of increase in N

2
O from the soil. Therefore, net

global warming potential of the system may be balanced. However, Bhattacharyya et
al. (2014) reported that rice ecosystem acts as a net agricultural sink rather than a
polluter. Highest CH

4 
flux was recorded from rice-rice rotation plots and during wet

season, higher N
2
O flux was observed from rice-potato-sesame rotation. Higher global

warming potential (GWP) of rice-rice cropping system was recorded compared to rice
based cropping systems involving other dry crops. Therefore, rice-potato-sesame
cropping system was economically profitable and environmentally safe in eastern
Indian condition (Datta et al. 2011).

4. TECHNOLOGICAL KNOWLEDGE GAP

There is a great spatial variation in cropping intensity among the various ecosystem
and region of India. Punjab has the highest cropping intensity of 189%, followed by
Himachal Pradesh (188.1%), West Bengal (185.1%), Haryana (181.3%) and Uttar
Pradesh (157.7%). The intensity is low in dry, rainfed regions of Rajasthan, Gujarat,
Maharashtra and Karnataka (110-125%). As the average cropping intensity is low in
rainfed areas, there is an urgent need for intensification to achieve livelihood security
of farm families in those areas. At present, all crop diversification and intensification
are primarily based on increase in productivity only without considering the negative
impact on environment. Under input based production system, the cost of cultivation
is high and in increasing trend and very limited effort has been made to reduce the
cost of cultivation. Crop and soil management recommendation are based on individual
component crop basis without taking into consideration of carry over effect/mutual



Rice Research for Enhancing Productivity,

Profitability and Climate Resilience

269
Agro Ecological Intensification of Rice Based Cropping System

interaction with in the component crops in sequence/system both in time and space.
Eastern India is mostly rainfed with about 12.5 mha rice fallows but little effect have
been made to bring rice fallows under cultivation. Lack of suitable technology and
socio economic problem to bring fallow areas under cultivation are major concerns
for sustainability of rice ecosystem.

5. RESEARCH AND DEVELOPMENT NEEDS

Intensification and diversification of existing dominant cropping system of the
region like rice-rice, rice-wheat, rice-maize, rice-groundnut, rice-rapeseed cropping
system with inclusion of short duration pulses/oilseeds in sequence or as an intercrop
with due consideration of soil health and environment impact in irrigated ecosystem
is the need of the hour. Further, intensification of the existing rice-pulse/oilseed and
rice fallow cropping system in rainfed ecosystem has to be done through adoption of
resource conserving practices like minimum/zero-tillage, residue retention, mulching
etc. Reducing the cost of cultivation/production of the rice based cropping system
through farm mechanization, tillage, optimal/precise use of inputs, recycling/reuse of
resources can be tested and validated in farmer’s field. Development of best
management practices to increase resource use efficiency for existing and innovative
cropping systems are required for ensuring the sustainability. Developing/intensifying
rice fallows through crop adjustment, advancing sowing time for optimal utilization of
residual moisture and integrated crop management practices like seed priming, seed
treatment etc. maybe studied.

6. WAY FORWARD

There is a need to create awareness among the farming community for optimal
utilization of resources i.e. land, labour, water and energy and ensuring livelihood
security through adoption of agro-ecology based intensified cropping system.
Appropriate policy may be formulated to incentivise the farming community adopting
agro-ecologically intensified cropping system, ensuring availability of the inputs to
the farmers at right time. Developing irrigation facility with use of micro irrigation
system for efficient water use and enhancing the cropping intensity in the eastern
region is another important aspect of the cropping system research and development
which should be taken care of at appropriate stage.
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