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Out of 143 Mha cultivated area in India, rainfed area
occupies 85 Mha, of which about 70 per cent is located
in western India with very low (< t ha-1) and unstable
productivity (SYI=0.25-0.41). Low and unstable yield
in rainfed ecosystem is mainly due to erratic and
untimely south west (SW) monsoon which results in
moisture stress during critical crop growth period. The
aberrant nature of SW monsoon, such as untimely onset
of effective monsoon (OEM), characteritics of rainy
season and prediction of rainfall of different probability
levels were of paramount importance in rainfed
agriculture for determining sowing time and cropping
system, especially for rainfed ecosystem because slight
delay in sowing of direct seeded crops may lead to
drastic reduction of yield. (Virmani et al., 1982,
Bhatnagar and Kundu, 1992, Panigrahi and Panda,
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2002, Kar et al., 2004, Jat et al., 2003 and Jat et al.,
2005). Under this situation, crop and varietal
diversification with low water requiring rainfed crops
like, maize (Zea mays), blackgram (Phaseolus mungo),
greengram (Vigna aureus) cowpea (Vigna unguiculata
L. walp), groundnut (Arachis hypogaea), sorghum
(Sorghum bicolor), horsegram (Macrotyloma
uniflorum) and sesame (Sesamum indicum) etc. may
be the best option to the farmers for management of
drought and increased productivity of rainfed ecosystem
with assured and sustainable return (CRIDA, 2003 and
Vittal et. al., 2002). The objective of this paper,
therefore, is to study the rainfall pattern and soil-water
retention properties of soils of western India and to
explore the probability of crop and varietal
diversification for drought management.
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Material and Methods

In the present study, to increase productivity with
assured return during drought year in rainfed area of
western India, crop and varietal diversification
technology were generated through on station research
trials under rainfed condition of western India, i.e.
Bhilwara district, Rajasthan.

Site and Soil Characteristics

The experiment was conducted at the Dryland Farming
Research Station, Arjia, Bhilwara (Rajasthan), India and
is situated between 24020’ N Latitude and 74040’ E
longitude at an elevation of 432 m from mean sea level.
The mean annual rainfall of the region in 652 mm, most
of which is received from the last week of June until mid
September and rainfall rarely occurs during the winter.

To characterize dryland maize soils, profiles in 34 ha
of station farm were dug randomly and soil samples
from 0 to 60 cm depth of soil were taken. Normal
physical and chemical characteristics of soil are
presented in Table- 1. The soil at the experimental site
is a sandy loam typic Ustochrept, low in nitrogen (N),
medium in phosphorous (P) and high in potassium (K)
(Table 2).

Table 1: Physical and chemical properties of soil
at the tillage site in fine loamy Typic
Ustochrept

Soil properties Content

Size distribution (g 100 g-1)
Sand 64.91
Silt 20.90
Clay 14.19

Textural class Sandy loam

Bulk density (Mg m-3) 1.51-1.56

Porosity (%) 40.60- 42.35

Field capacity (%) 18.5-23.9

Wilting Point (%) 8.5- 11.2

Hydraulic conductivity (cm hr-1) 0.79-0.84

Infiltration rate (cm hr-1) 0.85 -1.21

pH (1:2) 7.5- 8.80

E. C. (dS m-1) 0.25- 0.35

Organic carbon (%) 0.22- 0.31

Rainfall analysis

Onset of effective monsoon was computed by Morisis
and Zandstra (1979) method. The probability
occurrence of two consecutive dry week was computed
by Markov chain process (Robertson, 1976).
Pandarinath (1991) considered less than 20 mm rainfall
as dry week. The potential evapo-transpiration for maize
and their substituted crops was completed by crop
coefficient (k

c
). Crop coefficient (k

c
) was taken from

FAO 24 (Doorenbos and Pruit,1977) and E T
o
 was

computed by Penmon- Monteith model (FAO-56). The
excess and deficit rainfall with reference to water
requirement of maize and their substituted crops in
different weeks in monsoon season is shown in Fig. 1

Fig. 1. Water requirements for different  kharif crops

Rainfall data of past 45 years (1960–2004) and other
meteorological data of 19 years (1986–2004) of the
station were analyzed to develop on alternate
sustainable crop plan for dryland maize ecosystem of
western India (Rajasthan) to improve its productivity.

Economic analysis

Primary data on levels of input used (seed, fertilizer,
herbicide, human / bullock labour and machinery hours)
and output produced (grain / straw yield) were collected
during the study period from 2001-2004. For working
out the economics of different crops and varietal
diversification, all inputs and output were converted in
to monetary value to express them in a common unit.
For this, price of each input / output over four year
(2001 – 2004) was averaged to account for the yearly
price fluctuations. Government prices were used. This
way, year wise total cost (Cost A) and total returns per
hectare for different crops and their varieties were
estimated and yield was converted in to maize
equivalents yields. Net returns from each crop were
calculated by deducting Cost A from total returns.
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Crops and varietal diversification

Treatments: 8 crops and 2 varieties
for each crop =16

 (a) Crop (b) Varieties

i) Maize (Zea mays) Navjot, Mahi kanchan

ii) Sorghum CSV-10, CSV-15
(Sorghum bicolor)

iii) Groundnut JL-24, TAG-24
(Arachis hypogaea)

iv) Sesame RT-46, RT-125
(Sesamum indicum)

v) Blackgram T-9, RBU-38
(Phaseolus mungo)

vi) Greengram K-851, RMG-62
(Vigna aureus)

vii) Horsegram AK-21, AK-42
(Macrotyloma uniflorum)

viii) Clusterbean RGC-936, RGC-986
(Vigna unguiculata)

Seed and sowing

A field experiment was conducted at the station during
kharif 2001 to 2004. The 16 treatments comprising of
eight crops with two cultivars was laid out in factorial
RBD with 4 replications. Crops were sown around 27th

week during the study period. The net plot size was 2.4
m x 4.0 m for maize, 2.7 x 4.0 for sorghum and 3.0 X
4.0 for remaining crops. The recommended dose of N
and P was applied at the time of sowing as per
recommendations of the crops. Full dose of P and half
dose of N fertilizers were applied at the time of sowing
and remaining half dose of N was top dressed in two
split i.e. 25% at knee high and 25% at tasseling stages
in maize and sorghum. The date of sowing and
harvesting with dry spells is given in Table-2.

Sustainability

The sustainability of crops was assessed based on a
sustainability yield Index (SYI) as suggested by Singh
et.al. (1990) and Vittal et. al. (2002).

SYI = Y-σ / Y
max

Where, Y= mean yield, σ = standard deviation and Y
max

= maximum yield obtained over the years.

Table 2 : Sowing date with chronology of dry spells

Date of sowing Rainfall (mm) Dry spells Duration

31.7.2001 766.0 18.8.2001- 14.9.2001 28days

16.9.2001 up to harvest 27days

8.8.2002 187.0 27.8.2002 and onwards Monsoon withdrawal

26.6.2003 495.0 12.8.03 – 23.8.03 9 days

9.7.2004 925.2 23.8.04-13.9.04 22 days
16.9.04-29.9.04 14 days

Results and Discussion

Weekly rainfall probability analysis

The weekly rainfall at different probability levels was
computed using Incomplete Gamma Distribution
method which is shown in Fig 2. The Incomplete
Gamma distribution (IGD) was found to be good fit
for all the 52 weeks at 5% level of significance. Study
revealed that the probability for receiving mean weekly

rainfall during all the 52 weeks is 25-50 % while, the
probabilities lies between 10-25% for onset of monsoon
weeks 26-27th weeks and withdrawal of monsoon
weeks, 39 and 40th weeks. At 50% probability, the
minimum assured weekly rainfall varied from 13.7 to
33.5 mm during 24th to 36th week and decrease from
37th week and onwards (Fig. 2) In monsoon (kharif)
season, a good weekly rainfall (above 10 mm) starts in
the 23rd week with 25 % probability of exceedance level
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when primary tillage operation can be initiated in the
region. Rainfall further increases at all probability levels
from 23rd week onwards till 39th week (Fig. 2) This
suggests, that preparation of seed bed for sowing of
crops may initiated during 24th week with 2.8 mm
rainfall at 50 % probability during 40th week, and the
amount of rainfall further decreases at the same level
after 40th week.

Fig. 2. Weekly rainfall at different probabilities for the
study area

Therefore, to utilize the monsoon rain effectively, short
duration maize varieties of about 90-100 days or
sorghum, pulse, groundnut, sesame may be cultivated
and rabi crops can be raised under moisture stress
conditions.

Probable period of occurrence of consecutive dry
weeks

The standard metrological weeks during which dry
spells of two or three consecutive weeks are likely to
commence with probability of 10-25, 25-50 and greater
than 50% are presented in Table 3. Results revealed
that rainfall less than 20 mm per week for two and three
consecutive weeks with 10-25 % probability falls during
28 and 27–32nd weeks respectively, once the rainy
season commences. Mid-season drought may likely to
occur during the period 33-35 weeks due to break in
monsoon condition. Terminal drought may likely to
occur in 36th week onwards with more than 50%
probability. Therefore, soil moisture conservation
measures may be adopted for reducing effect of mid-
season drought and rainwater should be harvested in
pond or nadi for applying life saving irrigation to crops.

Table 3 : Probability of occurrence of consecutive
dry weeks with rainfall less than 20 mm
in the study area

No. of consecutive Probability levels (%)
dry week 10-25 25-50 >50

Two 28 27, 29-35 36th onwards

Three 27-32 33 – 35 36th onwards

Characteristics of rainy season and onset of effective
monsoon

As per the criteria mentioned in the methodology, the
information on onset, withdrawal and length of rainy
season is presented in Table 4. Results revealed that
the mean date of onset of effective monsoon was found
to be 27th week (2nd to 8th July) with a coefficient of
variation of 6.2 per cent and south west monsoon
generally withdraws by 40th week (1st to 7th October )
with a coefficient of variation of 12.9 percent. The
earliest and latest probable week of OEM were found
to be 22nd and 29th week, whereas, earliest and latest
probable week of monsoon withdrawal were worked
out to be 26th and 51st week, respectively. The length of
the rainy season ranges from 4th to 27th weeks and mean
length of rainy season was observed as 12.7 weeks (89
days) with a coefficient of variation of 41.6 percent.
Farmers are advised to initiate sowing of short duration,
low water requiring, direct sown Kharif (rainy season)
crops in maize soils form 1st week of July and complete
the sowing within 15 July to obtain full south west
monsoon period.

Table 4: Characteristics of rainy season

Parameters Onset Withdrawal Length
of effective of effective of rainy
monsoon monsoon season
(Weeks) (Weeks) (Weeks)

Lowest 22 26 27*

Latest 29 51 4**

Mean 27 40 12.7

C.V. 6.2 12.9 41.6

* Maximum, ** Minimum
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Water requirements of maize and alternative crops

The consumptive use of greengram, blackgram,
horsegram, sesame, sorghum is less as compared to
maize (Table 5). Therefore, these crops perform well
as compared to maize in this region. There will be a
terminal drought after 36th week onwards (10 week after
sowing). The Fig.1 also revealed that surplus water is
available from 27th to 35th weeks, which can be
harvested and recycled through supplemental irrigation
during dry spells in Kharif crops or as pre-sowing
irrigation and supplemental irrigation to rabi crops.

Table 5 : Water requirement of different crops
under maize based soils

Crops Duration Water
(weeks) requirement (mm)

Maize 13 242.3

Sorghum 13 210.8

Groundnut 18 288.9

Sesame 13 176.3

Blackgram 11 160.3

Greengram 10 132.2

Horsegram 13 172.3

Clusterbean 18 225.5

Fig. 3. Rainfall distribution during study period
(2001-2004)

Crop diversification based on rainfall pattern

The weekly rainfall distribution during all the study
years and normal weekly rainfall is shown in Fig. 3. It
can be seen from Fig.3 that 34th week received highest
mean rainfall (62.5 mm) followed by 33rd week (58.8
mm ) while during the year 2004, 33rd week received
highest rainfall ( 276 mm). Among these four study

years, the year 2002 was severe drought year and during
crop growth period, 187 mm rainfall received, while
annual rainfall received was 307.1 mm. Therefore, no
maize equivalent yield was obtained and it was also
observed that there was a wider deviation in the rainfall
during other three study years (2001, 2003 and 2004).
It is very interesting to note that during the year 2003,
the rainfall was lesser (338 mm) than the normal rainfall
(652.14 mm) even then maize equivalent yield levels
were optimum in almost all the crops which is due to
well distribution of rainfall. In the year 2004, the rainfall
was 40% higher (925 mm) than normal (650 mm)
however, two dry spells of 5 days each were observed
at grain formation and grain ripening stage of the crops.
Four contrasting rainfall distribution patterns were
found during the four crop year (2001 – 2004), which
affected the dryland maize crop differently. Study
revealed that dry spell existed at 34th – 36th (20 Aug – 9
Sept) standard week of first crop season (2001) and
35th – 36th weeks (27th Aug. – 9 Sept) of fourth season
(2004) (Fig. 3), which coincided with reproductive and
grain formation stage of maize and all other crops like
sorghum, blackgram, greengram, groundnut, sesame,
horsegram and clusterbean Whereas, in third crop
season (2003), no dry spells was found and rainfall was
also well distributed. Since at initial stage, water
requirement of sorghum, blackgram, green gram,
groundnut, horse gram, sesame and cluster bean is less
as compared to maize so, these alternative crops
suffered less due to occurrence of dry spells in first
(2001) and fourth (2004) study years.

Crop diversification based on higher productivity

The study revealed that among all the study years
(2001–2004), highest mean maize equivalent was
obtained from groundnut TAG-24 (44.04 q ha-1)
followed by green gram K-851 (38.51 q ha–1) whereas,
maize Navjot produced lowest yield during all the four
study years (2001–2004) under different rainfall
conditions but through crop diversification and maize
substitution, the productivity of dryland maize
ecosystem was increased and stabilized. The study of
experiment revealed that greengram and sesame were
more promising crops in dryland and erratic rainfall
condition. The yield of green gram was higher, which
was due to lesser water requirements and short duration
of growth (Table 5). The maize substituted crops
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perform well in all the study years, and productivity
did not fluctuate much between rainfall deficit or excess
years.

Better rain water use efficiency and drought
mitigation through crop diversification

The rain water use efficiency in terms of maize
equivalent amount (mm) of rain drop received on the
soil surface was computed for all the crops to know
about the rain water use efficiency in dryland maize
soils through maize substitution and crop diversification
(Table 7). Study revealed that highest rain water use
efficiency (kg ha–1mm–1) in terms of maize equivalent
yield was obtained from groundnut TAG-24 in rainfall
deficit years but with well distributed rainfall, the values
being 12.12 kg ha–1 mm–1 in the year 2003, followed
by green gram RMG-62 (8.69), sesame RT-125 (7.44)
and sorghum CSV-15 (6.68), while the situation was
reverse in the drought year 2002, where the higher rain
water use efficiency was obtained from clusterbean

RGC-936 with the values being (0.81) followed by
horsegram AK-42 (0.76) and sesame RT-46 (0.26). In
normal rainfall year 2001 (670 mm), the highest
rainwater use efficiency was obtained from sesame RT-
46 with the values being 6.72 followed by greengram
K-851 (4.55). Again during the excess rainfall year
(2004), the highest rainwater use efficiency was
obtained from greengram K-851 with the values being
4.45 followed by sorghum CSV-10 (3.36). The rain
water use efficiency of maize Navjot was the lowest
for all the study years irrespective of rainfall amount
and distribution with the values being 1.47, 4.13 and
1.72 kg ha-1 mm-1, during first year (2001), third (2003)
and fourth years (2004), respectively.

Therefore, the crops diversification experiment strongly
revealed that there was a lot of scope to increase
rainwater use efficiency of dryland maize ecosystem
through substitution of maize by sorghum, legumes and
oilseed crops.

Table 6 : Maize equivalent yield and sustainable yield index of different crops and their varieties

Crop Maize equivalent yield (qha-1) SYI

(Variety) 2001 2003 2004 Range Mean CV 2001 2003 2004 Range Mean
 (3 years) (3 years)

Maize (Navjot) 11.25 20.45 15.89 11.25-20.45 15.86 23.68 -0.036 0.153 0.041 -0.036-0.153 0.053

Maize (Mahi Kanchan) 19.33 22.74 19.02 19.02-22.74 20.36 8.28 0.098 0.191 0.093 0.093-0.191 0.128

Sorghum (CSV-10) 14.23 31.12 31.12 14.23-31.12 25.49 31.24 0.013 0.331 0.295 0.013-0.331 0.213

Sorghum (CSV-15) 11.50 33.06 25.93 11.50-33.06 23.50 38.17 -0.032 0.363 0.208 -0.032-0.363 0.180

Groundnut (JL-24) 15.06 34.03 18.08 15.06-34.03 22.39 37.17 0.027 0.379 0.078 0.027-0.379 0.161

Groundnut (TAG-24) 0.00 59.98 28.09 0.00-59.98 44.04 58.09 - 0.812 0.244 0.244-0.812 0.352

Sesame (RT-46) 51.48 35.46 17.64 17.64-51.48 34.86 39.65 0.634 0.403 0.070 0.07-0.634 0.369

Sesame (RT-125) 51.48 36.84 11.22 11.22-51.48 33.18 50.15 0.634 0.426 -0.037 -0.037-0.634 0.341

Blackgram (T-9) 26.91 24.03 12.61 12.61-26.91 21.18 29.15 0.225 0.213 -0.014 -0.014-0.225 0.141

Blackgram (RBU-38) 23.76 22.85 7.92 7.92-23.76 18.18 39.95 0.172 0.193 -0.092 -0.092-0.193 0.091

Greengram (K-851) 34.89 39.46 41.19 34.89-41.19 38.51 6.90 0.358 0.470 0.463 0.358-0.470 0.430

Greengram (RMG-62) 25.37 43.00 29.20 25.37-43.0 32.52 23.28 0.199 0.529 0.263 0.199-0.529 0.330

Horsegram (AK-21) 15.54 16.66 12.62 12.62-16.66 14.94 11.40 0.035 0.090 -0.014 -0.014-0.090 0.037

Horsegram (AK-42) 0.00 27.36 14.52 0.00-27.36 20.94 55.92 - 0.268 0.018 0.018-0.268 0.095

Clusterbean (RGC-936) 16.67 23.82 21.98 16.67-23.82 20.82 14.56 0.054 0.209 0.143 0.054-0.209 0.135

Clusterbean (RGC-986) 16.00 16.00 17.33 16.00-17.33 16.44 3.81 0.043 0.079 0.065 0.043-0.079 0.062

S.Em+ 0.238 1.777

C.D. at 5% 0.686 5.013

Mean data of 2001, 2003, 2004 years
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Performance of crops and varieties based on
sustainability yield index (SYI)

Based on yield and then their variation under climatic
conditions of 2001 to 2004, SYI values have been
worked out for cereals, pulses/ legumes and oilseed
crops (Table 6). The study indicates that greengram (K-
851) and sesame (RT-46) attained a high productivity
(0.43 and 0.37, respectively) under dry sub-humid
conditions. K-851 variety of greengram, RT-46 variety
of sesame, TAG-24 variety of groundnut were found to
be better with a significantly higher yield and a
sustainability yield index as compared to other varieties.
The superior varieties of the crops stated above were
found to have a higher sustainability yield index of 0.35
to 0.47 in case of greengram, 0.07 to 0.63 in sesame
while 0.24 to 0.81 in case of groundnut. In maize, the
yield had a range of 11.25 to 22.74 q ha-1 with SYI of
0.36 to 0.15. The distribution of yield and its variations
along with sustainability yield index of different

varieties of crops was high due to very erratic rainfall
pattern during the period of study (Table 6). Therefore,
in erratic rainfall situation, greengram, sesame and
groundnut gave higher sustainable yield in comparison
to maize.

Economic viability of crops and their varieties for
drought mitigation
The highest gross (` 38225 ha-1) and net return (` 31025
ha-1) was fetched by sorghum variety CSV-15 followed
by groundnut variety TAG-24 (` 30066 ha-1) (Table 8).
This indicates that due to terminal drought, grain yield
of crops suffer but fodder crop sorghum produced the
good biomass yield. Among the pulse crops, greengram
was found to be the most remunerative and variety K-
851 of greengram proved to be the most remunerative
with net return of ` 18672 ha-1 followed by horsegram
variety AK-42 (` 11753 ha-1) and clusterbean variety
RGC-936 (` 10839 ha-1).

Table 7 : Rain water use efficiency of maize substituted crops and varieties

Crops (Variety) Water use efficiency (kg ha-1mm-1)

2001 2002 2003 2004 Mean

Maize (Navjot) 1.47 - 4.13 1.72 2.44

Maize (Mahi Kanchan) 2.52 - 4.59 2.06 3.06

Sorghum (CSV-10) 1.86 - 6.29 3.36 3.84

Sorghum (CSV-15) 1.50 - 6.68 2.80 3.66

Groundnut (JL-24) 1.97 - 6.87 1.95 3.60

Groundnut (TAG-24)* 0.00 - 12.12 3.04 5.05

Sesamum (RT-46) 6.72 0.26 7.16 1.91 5.26

Sesamum (RT-125) 6.72 0.24 7.44 1.21 5.12

Blackgram (T-9) 3.51 - 4.85 1.36 3.24

Blackgram (RBU-38) 3.10 - 4.62 0.86 2.86

Greengram (K-851) 4.55 - 7.97 4.45 5.66

Greengram (RMG-62) 3.31 - 8.69 3.16 5.05

Horsegram (AK-21) 2.03 0.69 3.37 1.36 2.25

Horsegram (AK-42) 0.00* 0.76 5.53 1.57 2.37

Clusterbean (RGC-936) 2.18 0.81 4.81 2.38 3.12

Clusterbean (RGC-986) 2.09 0.53 3.23 1.87 2.40

* Crops were not sown during the year and mean is of three years (2001, 2003 and 2004)
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Table 8 : Mean maize equivalent yield, net return and B: C ratio of maize substituted crops and varieties

Crop (Variety) Mean maize Maize fodder Gross Net B:C
equivalent grain equivalent return return

yields (q ha-1) (q ha-1) (` ha-1) (` ha-1)

Maize (Navjot) 15.86 84.49 12553 5053 1.67

Maize (M-Kanchan) 20.36 80.03 14692 7192 1.96

Sorghum (CSV-10) 25.49 485.18 37641 30441 5.23

Sorghum (CSV-15) 23.50 517.80 38225 31025 5.31

Groundnut(JL-24) 22.39 151.06 19309 10109 2.10

Groundnut (TAG-24) 44.04 138.95 30066 20866 3.27

Sesamum(RT-46) 34.86 5.75 18589 13889 3.96

Sesamum (RT-125) 33.18 5.23 17681 12981 3.76

Blackgram (T-9) 21.18 66.73 14466 9266 2.78

Blackgram (RBU-38) 18.18 80.50 13574 8374 2.61

Greengram (K-851) 38.51 66.41 23972 18672 4.52

Greengram (RMG-62) 32.52 59.74 20461 15161 3.86

Horsegram (AK-21) 14.94 68.32 11260 7060 2.68

Horsegram (AK-42) 20.94 99.23 15953 11753 3.80

Clusterbean (RGC-936) 20.82 98.09 15839 10839 3.17

Clusterbean (RGC-986) 16.44 105.37 13901 8901 2.78

Mean data of 2001, 2003, 2004 years

However, variety RT-46 and RT-125 of sesame out
yielded all the pulse crops (Blackgram, greengram,
horsegram and clusterbean) in terms of net return (`
13889 ha-1 and ` 12981 ha-1, respectively). The highest
benefit:cost (B:C) ratio (5.31) was also recorded in
fodder crop sorghum variety CSV-15 followed by
greengram variety K-851 (4.52) and sesame variety RT-
46 (3.96). Relatively less yield loss and comparatively
low cost of production led to enhanced B:C ratio of
these crops.

Among all the crops and varieties tested, the traditional
crop maize with most adopted varieties of region
(Navjot and Mahi Kanchan) showed the less advantage
in terms of net return and B:C ratio. This was owing to
more yield loss under terminal drought especially with
respect to groundnut and comparatively high crop
production in comparison to pulse and oilseed crops
except groundnut which has good market price under
rainfed conditions. Higher net return and benefit cost
ratio of pulses and oilseed were also observed by Vittal
et. al. (2002).

Conclusion

From the study, it can be concluded that studies of
rainfall analysis and soil physical properties are having
practical utility for crops planning in dryland maize
areas of western India. Study revealed that the yield of
maize substituted crops did not differ significantly in
rainfall excess (2004) and rainfall deficit (2003) and
normal rainfall year (2001) though maize yield
fluctuated drastically. In deficit rainfall year (2003),
when rainfed maize yield was affected adversely, much
higher maize equivalent yield was obtained through
crop diversification with groundnut TAG-24 (5998 kg
ha-1) followed by green gram K-851 (4077 kg ha-1),
sesame RT-46 (3540 kg ha-1), whereas the yield of
maize, Mahi Kanchan was 2274 kg ha-1 in 2003 (rainfall
deficit year).

Groundnut, green gram and sesame showed the
comparatively higher water use efficiency than that of
maize. Variety K-851 of greengram (SYI 0.43), RT-46
of sesame (SYI 0.37) and TAG-24 of groundnut (SYI
0.35) showed a high sustainability index. The highest
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net return (` 31025 ha-1) was fetched by sorghum variety
CSV-15 followed by groundnut variety TAG-24
(` 30066 ha-1). Among the pulse crops, greengram was
found to be the most remunerative and variety K-851
of greengram proved to be the most remunerative with
net return of  ` 18672 ha-1 followed by horsegram
variety AK-42 (` 11753 ha-1) and clusterbean variety
RGC-936 (` 10839 ha-1).

Thus, crops and varietal diversification is useful for
drought mitigation and are important tool for yield
stabilization and better rain water use efficiency.
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