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Background: Legume cropping systems are widely recognized for their potential to enhance productivity, improve resource use
efficiency and increase farm income under diversified cropping situations. However, the performance of such systems largely
depends on the choice of compatible crop combinations and their suitability to different seasons. In many parts of North-Western
India, continuous dominance of cereal-based cropping has resulted in stagnation of system productivity and profitability. Therefore,
evaluation of season specific cereal-legume strip cropping systems is necessary to identify productive and economically viable

cropping options.

Methods: A field investigation was carried out during summer (zaid) and kharif of 2024 and 2025 at the Research Farm, Division
of Agronomy, Sher-e-Kashmir University of Agricultural Sciences and Technology, Jammu. The experiment comprised of nine cereal
legume strip cropping systems arranged in a randomised block design with three replications. Various combinations of fodder
(maize, sorghum and bajra) and legumes (mash, mungbean, cowpea and soybean) were assessed for their effect on yield

attributes, equivalent yields and economic returns.

Result: The findings indicated that both productivity and profitability of the cropping systems differed significantly among seasons.
Certain cereal legume combinations, particularly those involving mungbean and mash during summer (zaid) and soybean during
kharif, consistently produced higher yields and system productivity. These systems also recorded higher gross and net returns
along with better benefit cost ratio, thereby proving their economic advantage over the other cropping systems.
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INTRODUCTION

India has made remarkable progress in food grain
production from 50.82 million tonnes in 1950-51 to 332.98
million tonnes in 2022-23, mainly due to crop intensification
of irrigated production systems (MoA and FW, 2023).
Prolonged dependence on cereal monocropping has led
to declining soil fertility, depletion of groundwater and
protecting agro-ecosystem. Globally, diversified cropping
systems are progressively encouraged as climate
adaptive approaches to improve yield while reducing
environment footprints. In the present times agriculture
is increasingly seeking climate friendly, sustainable and
highly productive cropping systems. Intensified crop
diversification is crucial for meeting the fundamental
needs for legumes and fodder. Also, the intensive
cropping system must be highly productive, profitable,
stable over time and maintain soil fertility for the future.
This approach is recognized as an effective strategy to
achieve national food security, income, growth, poverty
alleviation, efficient land and water use with sustainable
agricultural development besides employment generating.
Therefore, crop intensification is proposed as a new
strategy to enhance and stabilize productivity. Cereals and
legumes in combination offers a promising solution by
reducing dependence on nitrogen fertilizers while
enhancing productivity, quality and profitability. Cereal-
legume strip cropping systems are widely practiced in the
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tropics and subtropics because of their ability to enhance
overall productivity, improve resource use efficiency and
sustain soil fertility (Willey, 2023; Beets, 2022). In India,
where cereal-based cropping systems dominate, integration
of legumes into cropping systems plays a crucial role in
maintaining system productivity, nutritional security and
ecological sustainability (Rao and Willey, 2008).
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Food legumes including (Vigna radiata L.), mash
(Vigna mungo L.), cowpea (Vigna unguiculata L.), soybean
(Glycine max L.) play a vital role in sustainable forage-
based systems due to their capacity for biological nitrogen
fixation and high nutritional value. By enriching soils with
nitrogen and organic carbon. Legumes create long-term
nutrient reserves that sustain cropping systems (Jhariya
et al., 2018). In India, pulses have historically been regarded
as the “protein of the poor,” yet their availability has steadily
declined from 60.54 grams per capita in 1950-51 to just 53
grams in 2021-22. Also, their integration into farming
practices contributes to healthier soils, reduced erosion,
improved water conservation and even cleaner air (Stagnari
et al., 2017; Meena et al., 2022). Although these legumes
are traditionally cultivated as sole crops, integration with
cereals enhances system productivity through complementary
canopy structure, root distribution and nutrient uptake,
leading to improved nutrient cycling and forage quality
(Vandermeer, 1989).

However, the performance of cropping sequences is
highly influenced by seasonal variations, choice of crop
combinations and their adaptability to specific agro-
ecological conditions (Dhima et al., 2007). In regions like
Jammu, where cropping is practiced under diverse
seasonal environments such as summer and kharif,
inappropriate selection of crop combinations often results
in sub-optimal productivity and profitability. Although strip
cropping is widely practiced, systematic information on the
relative performance of different cereal legume
combinations across seasons under the agro-climatic
conditions of this region is still limited.

Keeping these aspects in view, the present
investigation was undertaken to evaluate the productivity
and profitability of legume under legume fodder cropping
system under summer (zaid) and kharif at Jammu.
The study aimed to identify efficient and economically viable
crop combinations that could enhance system productivity
and provide sustainable cropping options for the region.

MATERIALS AND METHODS

Field experiment was conducted at the Research Farm,
Division of Agronomy, Sher-e-Kashmir University of
Agricultural Sciences and Technology, Jammu, during the
summer (Zaid) and kharif of 2024 and 2025 to study the
productivity and profitability of different cereal legume strip
cropping systems. The experimental site is situated at
32°40’' N latitude and 74°58' E longitude with an altitude of
about 332 m above mean sea level (Fig 1). The soil of the
experimental field was sandy clay loam in texture, slightly
alkaline in reaction (pH 7.56), low in organic carbon (4.28 g kg™),
available nitrogen (228.73 kg ha™') but medium in available
phosphorus (14.89 kg ha') and potassium (145.65 kg h).
The experiment was laid out in a randomised block design
with three replications and comprised nine cereal-legume
strip cropping systems. During the summer (zaid), maize,
sorghum and bajra were strip cropped with mash, cowpea
and mungbean, while during the kharif, maize, bajra and
sorghum were strip cropped with soybean, mungbean and
mash with different strip combinations. The cropping
systems included maize + mash followed by bajra +
soybean, maize + cowpea followed by bajra + mungbean,
maize + mungbean followed by bajra + mash, bajra + mash
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Fig 1: Study area and map.
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followed by maize + soybean, bajra + cowpea followed by
maize + mungbean, bajra + mungbean followed by maize
+ mash, sorghum + mash followed by sorghum + soybean,
sorghum + cowpea followed by sorghum + mungbean and
sorghum + mungbean followed by sorghum + mash. Gross
plot size 4.0 m x 3.6 m (14.4 m?) and crops were grown in
strip arrangement. All crops were sown manually were
applied as per the package of practices of SKUAST-Jammu
for respective crops. Pendimethalin @ 1.0 kg ha' was
applied as pre-emergence herbicide with knap snak sprayer
with Tjet nozzle and further weed control was done manually
when required. Fodder crops were harvested in two cuts in
kharif and one cut in summer (zaid) whereas food crops
were harvested at physiological maturity. Observations on
yield attributes viz., 1000 test weight (g), seeds per pod,
no of seeds per pod and yield (seed, stover yield and
harvest index) of food were recorded from five randomly
selected plants in each plot, while seed and stover yields
were recorded and expressed in g/ha.

In fodder crops, green fodder and dry matter yields
were recorded from the entire net plot area. For comparison
among different cropping systems, yields of summer crops
were converted into mash and maize equivalent yield and
kharif crops into soybean and sorghum equivalent yield
based on prevailing market prices.

The experimental data recorded on various yield
attributes and yield parameters, equivalent yield, relative

economics, were summarized as mean values along with
the standard error of mean (SEm %) for comparison of
treatments. However, the equivalent yield data were
subjected to analysis of variance (ANOVA) appropriate to
the randomized block design (RBD) to test the significance
of treatment effects. The significance of differences among
treatment means was tested at 5% level of probability
(P<0.05) and the critical difference (CD) was calculated
wherever the treatment effects were found significant
following the procedure described by Gomez et al. (1984).

RESULTS AND DISCUSSION

Summer (Zaid)
Yield attributes and seed yield of legumes

The yield attributes and seed yield of legumes were
significantly influenced by different cereal-legume strip
cropping systems during both years (Table 1 and 2).
Among the different combinations, sorghum + mungbean
consistently produced the highest test weight, number of
pods per plant and number of seeds per pod, which
resulted in the maximum seed yield. This was followed by
maize + mungbean, whereas bajra-based systems
recorded comparatively lower values. The superior
performance of mungbean when strip cropped with
sorghum may be attributed to better light interception,
reduced interspecific competition and more efficient

Table 1: Yield attributes of food (pulse) at different intervals during summer season.

1000 test weight
Treatment details ght (9)

Seeds per pod No. of pods per plant

2024 2025 2024 2025 2024 2025
T,- Maize+Mash 35.16+0.91 37.84+0.52 6.67+0.09 7.28+0.10 15.51+0.34 16.23+0.43
T,- Maize+Cowpea 10.85+0.27 11.97+0.37 11.56+0.26 11.65+0.33 15.56+0.38 15.72+0.32
T,- Maize+Mungbean 36.76+1.65 39.21+1.87 9.53+0.41 9.91+0.26 10.75+0.18 11.24+0.57
T,- BajratMash 36.04+0.61 38.83+2.26 7.00£0.47 7.72+0.29 15.84+0.67 16.67+1.14
T,- BajratCowpea 11.53+0.37 12.77+0.15 11.69+0.70 11.87+0.34 16.39+0.64 16.67+0.30
T,- Bajra+tMungbean 37.13+0.53 39.85+1.13 9.80+0.47 10.45+0.29 10.87+0.23 11.63+0.48
T,- Sorghum+Mash 36.40+1.76 39.38+0.99 7.33+0.28 8.25+0.16 15.65+0.63 16.67+0.95
T,- Sorghum+Cowpea 11.67+0.82 13.03+0.19 11.67+0.39 11.96+0.47 16.61+0.51 17.01+0.33
T,- Sorghum+Mungbean 37.64+2.05 40.47+0.94 10.12+0.15 10.88+0.41 11.17+0.62 12.04+0.68
Table 2: Seed, stover yield (g/ha) and harvest index (%) of summer season.
. Seed yield (g/ha) Stover yield(g/ha) Harvest index (%)
Treatment details
2024 2025 2024 2025 2024 2025

T,- Maize+Mash 3.111£0.12 3.80+0.12 6.03+0.11 6.82+0.41 33.99+2.28 35.79+0.97
T,- Maize+Cowpea 3.52+0.06 4.23+0.12 9.07+0.52 9.97+0.58 27.96+0.54 29.80+1.89
T,- Maize+Mungbean 4.49+0.11 5.23+0.33 8.98+0.36 9.23+0.23 33.34+0.41 36.17+2.46
T,- BajratMash 3.24+0.14 3.88+0.22 6.24+0.33 7.00+0.21 34.17+1.31 35.67+1.77
T,- Bajra+tCowpea 3.66+0.13 4.25+0.27 9.32+0.32 10.67+0.32 28.19+1.35 28.49+1.85
T,- Bajra+tMungbean 4.63+0.25 5.27+0.17 9.26+0.25 10.09+0.23 33.33+2.07 34.33+1.22
T,- Sorghum+Mash 3.38+0.04 4.15£0.09 6.42+0.23 7.48+0.16 34.49+0.34 35.66+2.43
T,- Sorghum+Cowpea 3.94+0.05 4.74£0.13 9.87+0.42 10.42+0.49 28.50+1.98 31.24+0.35
T,- Sorghum+Mungbean 4.77+0.29 5.60+0.23 9.54+0.41 10.67+0.59 33.33+0.33 34.41+2.33
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utilization of soil moisture and nutrients. Similar advantages BInmgacsl25t
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and seed yield, closely followed by sorghum + mash.
The superior performance of soybean and mash under
sorghum based systems may be attributed to favourable
microclimatic conditions, better spatial complementarity
and efficient utilization of growth resources. In contrast,
maize and bajra-based systems recorded comparatively
lower yields, possibly due to higher interspecific
competition. The better performance of soybean and mash
during kharif compared to mungbean and cowpea may
also be related to their better adaptation to monsoonal
conditions. These results corroborate the findings of Verma
et al. (2019) and Choudhary et al. (2020).

Equivalent yields

Sorghum based cropping sequences again outperformed
maize and bajra-based systems in terms of total fodder
yield and equivalent yields during kharif (Table 7). Among
the treatments, sorghum + soybean produced the highest
pulse yield and soybean equivalent yield, while sorghum +
mash recorded comparable system productivity. The higher
system productivity under these treatments can be
attributed to higher biomass production of sorghum and
better yield potential of soybean and mash during kharif.
The comparatively lower performance of bajra-based
systems may be due to their lower fodder yield and weaker

Table 4: Relative economics of food fodder during summer season.

Cost of cultivation (I/ha)

Gross returns (3/ha)

Net returns (I/ha) Benefit:Cost ratio

Treatment details

2024 2025 2024 2025 2024 2025 2024 2025
T,- Maize+Mash 26790.77 26790.77 65714.72 74449.02 38923.95 47658.25 1.45 1.78
T,- Maize+Cowpea 26681.57 26681.57 71385.46 78431.19 44703.89 51749.62 1.68 1.94
T,- Maize+Mungbean 27016.57 27016.57 82135.40 86520.28 55118.83 59503.71 2.04 2.20
T,- BajratMash 30695.5 30695.50 52553.00 60852.52 21857.50 30157.02 0.71 0.98
T,- Bajra+tCowpea 30585.00 30585.00 58503.15 64180.65 27918.15 33595.65 0.91 1.10
T,- Bajra+tMungbean 30920.50 30920.50 69751.59 72741.94 38831.09 41821.44 1.26 1.35
T,- Sorghum+Mash 25841.57 25841.57 76553.20 84801.37 50711.63 58959.80 1.96 2.28
T,- Sorghum+Cowpea 25216.57 25216.57 83537.48 89890.00 58320.91 64673.43 2.31 2.56
T,- Sorghum+Mungbean  26136.57 26136.57 93668.80 97159.19 67532.23 71022.62 2.58 272
Table 5: Yield attributes of food (pulse) at different intervals during kharif season.

. 1000 seed weight (g) No. of pods per plant Seeds per pod
Treatment details
2024 2025 2024 2025 2024 2025
T,- Bajra+Soyabean 8.95+0.31 10.07+0.61 13.46+0.52 13.52+0.60 9.16+0.80 9.28+0.36
T,- Bajra+Mungbean 34.76+1.81 37.21+0.55 8.55+0.36 8.94+0.21 7.03+0.45 7.48+0.60
T,- BajratMash 33.06+2.25 35.74+0.57 13.21+0.40 13.83+0.39 4.07+0.78 4.75+0.26
T,- Maize+Soyabean 9.33+0.36 10.57+0.21 13.99+0.34 14.17+0.87 8.99+0.34 9.23+0.96
T,- Maize+Mungbean 34.83+1.05 37.55+0.66 8.37+0.42 9.03+0.52 7.90+0.16 8.62+0.23
T, Maize+Mash 33.64+1.99 36.43+0.53 13.24+0.24 13.97+0.35 5.00+0.54 5.79+0.58
T,- Sorghum+Soyabean 9.17+0.40 10.53+0.59 13.91+0.55 14.21+0.28 9.57+0.52 9.93+0.97
T,- Sorghum+Mungbean 35.04+0.80 37.87+1.42 9.27+0.65 10.04+0.51 7.92+0.56 8.75+0.33
T,- Sorghum+Mash 33.70+1.64 36.68+1.61 13.65+0.31 14.57+0.91 5.03+0.21 6.01+0.43
Table 6: Seed, stover yield (gq/ha) and harvest index (%) of kharif season.
. Seed yield (g/ha) Stover yield (g/ha) Harvest index (%)
Treatment details
2024 2025 2024 2025 2024 2025

T,- Bajra+Soyabean 15.78+0.46 17.05+0.99 35.37+1.74 36.15+0.39 30.85+0.35 32.05%1.11
T,- Bajra+Mungbean 12.67+0.62 13.88+0.62 34.86+1.04 35.66+2.43 26.66+0.64 28.02+0.84
T,- BajratMash 13.67+0.22 13.96+0.57 31.93+1.06 32.70+1.81 28.41+0.79 29.92+2.11
T,- Maize+Soyabean 16.94+0.26 18.18+1.15 34.54+0.54 35.39+1.46 32.91+0.83 33.94+1.70
T,- Maize+Mungbean 12.89+0.37 14.10+0.76 34.58+1.78 35.44+0.37 27.15+0.85 28.46+1.14
T, Maize+Mash 13.5+£0.42 14.77+0.71 31.64+1.29 32.48+0.83 29.91+1.56 31.26+1.12
T,- Sorghum+Soyabean 17.72+0.48 19.17+0.60 34.82+0.35 36.81+0.82 33.72+1.80 34.25+0.41
T,- Sorghum+Mungbean 13.43+0.58 14.85+0.21 35.82+0.80 36.13+2.50 27.27+0.39 29.13+0.47
T,- Sorghum+Mash 15.84+0.32 17.32+0.71 32.12+0.50 33.09+2.16 33.03+1.94 34.36+0.52
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competitive ability under strip cropping. Similar
observations on the superiority of sorghum-legume
systems have also been reported by Meena et al. (2018)
and Singh et al. (2022).

Economics

The economic performance of different intercropping
systems during kharif followed a trend similar to equivalent
yields (Table 8). Sorghum + mash recorded the highest
gross returns, net returns and benefit cost ratio, closely
followed by sorghum + soybean. Although sorghum +
soybean produced the highest equivalent yield, the slightly
higher profitability of sorghum + mash may be attributed to
lower cost of cultivation and favourable market price of
mash. Bajra-based strip cropping systems recorded the
lowest economic returns due to their lower productivity.
The close association between system productivity and
profitability in strip cropping systems has also been
emphasized by earlier workers (Gupta et al., 2017; Islam
et al., 2020; Ngwira et al., 2020) who observed that cereal
legume cropping systems significantly improved system
productivity and profitability compared with sole cropping.
The higher economic returns were mainly attributed to
better resource use efficiency and the additional income
obtained from the legume component.

CONCLUSION

The study demonstrated that cereal legume strip cropping
systems differed significantly in productivity and profitability
across seasons. Among the tested combinations,
sorghum-based strip cropping systems consistently
outperformed maize and bajra-based systems during
both summer and kharif seasons. During summer,
sorghum + mungbean proved to be the most productive
and profitable system in terms of higher seed yield, system
productivity, net returns and benefit cost ratio. In kharif,
sorghum + soybean and sorghum + mash emerged as
the most efficient systems, with sorghum + mash
recording the highest economic returns. The superiority
of these systems was mainly attributed to higher biomass
production of sorghum and better compatibility of
associated legumes. Therefore, sorghum-based strip
cropping, particularly sorghum + mungbean in summer
and sorghum + soybean or mash in kharif, can be
recommended for enhancing system productivity and farm
profitability under subtropical conditions.
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