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ABSTRACT

A field experiment was conducted during kharif 2018 to study the effect of different fodder maize-legume
mixtures on productivity and profitability. The experiment comprised of 10 treatments of fodder maize
and fodder legumes with three sole treatments of maize, cowpea and soybean, four intercropped treatments
of maize-cowpea and maize-soybean in ratios of 1:1 and 2:1 and three mixed cropped treatments of maize-
cowpea, maize-soybean (70% and 30%) and maize, cowpea and soybean (70%, 15%, 15%). Results revealed
that system productivity and benefit-cost ratio of sole fodder maize were comparable to the intercropping
of fodder maize with soybean in 2:1 row ratio.
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Introduction

Cereal- legume intercropping systems are common
as they ensure higher productivity besides land uti-
lization, resource conservation and enhancing soil
health. Cereal forages are the most lucrative forages
because they generate more biomass per unit area,
allowing farmers to receive more profit through en-
hanced milk and meat output (Addo et al., 2011).
Livestock accounting for maximum share towards
the agricultural GDP (NAS, 2019), indicating great
demands for quality fodder and forages. The live-
stock feed including fodder and forages supply in

India seem to be short accounting 35.6% green fod-
der, 10.95% dry crop left overs and 44% concentrate
(IGFRI Vision, 2050). Demand for fodder and for-
ages is expected to rise higher in future as a result of
changing feeding practices and a great reliance on
livestock and its products (Kumar et al., 2012). Green
fodder demand in Jammu and Kashmir is at 13.21
million tonnes (mt), while supply is around 5.11mt,
resulting in a 63% shortfall, and dry feed demand is
around 8.52 mt, whereas availability was around
4.55mt, resulting in 37% shortfall (Uzma et al., 2016).
Furthermore, shrinking agricultural land area attrib-
utable to anthropogenic settlements, insufficient ir-
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rigation sources for agricultural production, and
farmers’ propensity in high-revenue generating cash
crops have all attributed to drop in fodder produc-
tion (Ahmad et al., 2007).

Cereal forages have a high energy content but
low crude protein (CP) level. They also include fibre,
which aids healthy digestion in forage eating ani-
mals. Legumes have long been known as rich source
of crude protein. Legumes have the potential to pro-
duce a high dry matter in a short period of time and
also being more digestible for livestock. The shift
from calorie-based diets to produce rich diets of the
burgeoning population will give impetus to grass
based livestock in few decades. The dry matter con-
tent and nutritional value of forage crops have been
greatly reduced as a result of the negative effects of
climate change (Chapman et al., 2012). Increasing
carbon to nitrogen ratios (C:N) in plants and in-
creased dominance of palatable plant species are
primarily responsible for the decrease in nutritional
quality of fodder caused by elevated CO2 concentra-
tion in atmosphere. Additionally, in remote regions,
there is no standard approach for forage or fodder
cultivation, and cattle are supplemented with low-
quality protein, minerals that include a grasses,
bushes and weeds grown on non agricultural sites.
Feed supply through crop residues have insufficient
nutritional value to enable high milk production
(Pathan et al., 2012). Intercropping systems having
cereals and legumes have been acknowledged as a
profitable crop per unit area per unit time besides
quality fodder and improved soil fertility by fixing
atmospheric nitrogen. The paucity of high quality
feed and forages has indeed been cited as a signifi-
cant stumbling block to India’s livestock industry
reaching its full potential, but legumes, as a rich
source of crude protein when intercropped with ce-
real, can improve forage quality. Intercropping fod-
der crops also give a supplement to the farmer’s
dairy cattle diet (Balde et al., 2020). Globally, cereal
legume cropping system based forage cultivation
mitigates the impact of greenhouse gases through
reduced use of inorganic nitrogen application and
enhancing soil carbon stocks (Marer et al., 2007), re-
ducing runoff loses (Tamta et al., 2019), drought re-
silience (Reddy and Palled, 2016) and improving
livelihood and profitability (Kumar et al., 2017).
Maize (Zea mays L.) is a notable twin crop farmed
substantially for grain and fodder during the kharif
season in the most parts of the country and is

renowed as the “King of Fodder”.
Cowpea (Vignaunguiculata L.) and soybean (Gly-

cine max L.) are gaining importance as a fodder le-
gume crop and are grown during summer and kharif
seasons. For forage based ration both the crops are
important as they provide considerable amount of
protein and crude fibre besides having good palat-
ability, succulent and quality fodder (Bisht et al.,
2001).

Keeping in view the above facts, it becomes im-
perative to enhance the productivity of forages for
the sustainable livestock production. As a result, the
current study aimed to assess the yield and econom-
ics of fodder under intercropping systems.

Materials and Methods

The research was carried out under rainfed condi-
tions during the kharif season of 2018 at the Regional
Research Station’s research farm in Wadura, Sopore,
Jammu and Kashmir 34°172N and 74°332E at an al-
titude of 1524m above mean sea level. The experi-
mental soil had a neutral reaction, was high in or-
ganic carbon, medium in nitrogen, phosphorus and
potassium. The experiment was laid out in a ran-
domized block design with 10 treatments replicated
thrice and having a net plot size of 5.1m x 4.0m. The
experimental treatments comprised of sole maize in
30 cm apart rows, sole cowpea in 30cm apart rows,
sole soybean in 30 cm apart rows, maize inter-
cropped with cowpea in replacement series of 1:1
and 2:1 row ratio, maize intercropped with soybean
in replacement series of 1:1 and 2:1 row ratio, maize
(70%) mixed with cowpea in (30%) and soybean
(30%) independently and maize (70%) mixed with
cowpea (15%) and soybean (15). ‘African Tall’,
‘Shalimar Cowpea-1’ and ‘Shalimar Soybean-1’were
the fodder maize, fodder cowpea and fodder soy-
bean varities respectively. All other agronomic pro-
cedures were kept regular and uniform for all treat-
ments except those under study.Chemical fertilizers
like urea, DAP and MOP were employed as sources
of nitrogen, phosphorus and potassium respectively.
The half of nitrogen, as well as the full doses of
phosphorus and potassium were administered as
basal at the time of sowing, and the remaining half
of nitrogen was split into two. Forage equivalent
yield of maize (Equation 1), cowpea (Equation 2)
and Soybean (Equation 3) were computed as fol-
lows:
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 price of

maize                         1
where, ymi= yield of maize in intercropping

FEY cowpea =        price of cowpea 2

where, Yci= yield of cowpea in intercropping

FEY soybean  =                         price of soybean 3

where, Ysi = yield of soybean in intercropping
Equivalent yield of system = FEY maize + FEY

cowpea or soybean

Results and Discussion

Green Fodder Yield

A cursory look at the data (Table 1) revealed that
total green fodder yield varied from 185.31q/ha
(sole cowpea) to 428.3 q/ha (sole maize). Sole maize
alone with 30cm spacing generated much more total
green fodder yield than the other treatments, fol-
lowed by maize + soybean intercropped in row ra-
tio of 2:1. Under the treatment sole cowpea, the total
green fodder yield was much lower. All inter-
cropped treatments and maize intercropped with
legumes in 2:1 row ratio produced more total green
fodder yield as compared with sole ones and maize
intercropped with legumes in a row ratio of 1:1 re-
spectively. Also, among all the treatments, statisti-

cally green fodder yield of maize was found highest
in sole maize (428.3q/ha) followed by maize + soy-
bean intercropped in 2:1 row ratio (338.10q/ha) with
lowest being recorded under maize + cowpea in 1:1
row proportion (245.20q/ha). The higher green fod-
der yield obtained in case of sole maize can be attrib-
uted to taller plants and efficient utilization of re-
sources in sole maize compared with other inter-
cropped treatments. These results confirm the find-
ings of of Rahman and Raja, (2020); Tamta et al.,
(2019) and Jan et al., (2016). In comparison, the yields
of maize fodder and total fodder were higher in in-
tercropped plots than in solitary maize plots, ac-
cording to Mthembu et al., (2018).

Dry Fodder Yield

Data presented in Table 1 revealed that total dry
fodder yield varied from 57.7 q/ha (sole cowpea) to
171.2 q/ha (sole maize). Statistically, higher total
dry fodder yield was recorded under sole maize
(171.2 q/ha) followed by maize + soybean inter-
cropped in 2:1 row proportion (153.8 q/ha) the low-
est being recorded in sole cowpea (57.7 q/ha). It was
also ascertained that all of the intercropped treat-
ments recorded more dry fodder yield when com-
pared with sole ones. Also, the perusal of the data
revealed that among all the treatments, dry fodder
yield of maize was found highest in sole maize
(171.2q/ha) followed by maize + soybean inter-
cropped in 2:1 row ratio (130.3 /ha) with lowest dry
fodder yield being recorded under maize + cowpea

Table 1. Fodder yield of maize- legume mixtures under different cropping systems

Treatment Fodder Yield
Green Dry

Maize Cowpea Soybean Total Maize Cowpea Soybean Total

Units q/ha q/ha q/ha q/ha q/ha q/ha q/ha q/ha
Sole Maize 428.3 - - 428.30 171.20 - - 171.20
Sole Cowpea - 185.31 - 185.31 - 57.71 - 57.71
Sole Soybean - - 242.11 242.11 - - 79.80 79.80
Maize + Cowpea (1:1) 245.20 74.00 - 319.20 100.40 25.20 - 125.60
Maize + Cowpea (2:1) 312.02 57.00 - 369.02 118.31 24.20 - 142.51
Maize + Soybean (1:1) 251.80 - 86.00 337.80 103.80 - 32.60 136.41
Maize + Soybean (2:1) 338.10 - 69.30 407.20 130.31 - 29.51 153.82
Maize (70%) + Cowpea (30%) mixed 297.71 54.00 - 351.71 121.7 15.70 - 137.40
Maize (70%) + Soybean (30%) mixed 316.80 - 61.20 378.00 114.80 - 38.31 153.11
Maize (70%) + Cowpea (15%) + 323.71 20.70 32.00 376.41 121.30 9.0 16.90 147.20

Soybean (15%)
SE m± 4.15 - - 6.59 4.09 - - 5.67
CD(Pd”0.05) 12.72 - - 19.60 12.54 - - 16.98

SE (m)- standard error of mean, CD- critical difference

Yci
price of maize

Ysi
price of maize
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in 1:1 row proportion (100.4q/ha). Higher dry fod-
der yield in sole maize compared to maize in inter-
cropped system might be due to taller plants and
efficient utilization of resources in sole maize as
compared to maize in intercropped system. The re-
sults confirm the findings of Rehman and Raja,
(2020); Tamta et al., (2019).

Forage Equivalent Yield

The highest system productivity in terms of forage
equivalent yield (FEY) was discovered in sole maize,
which was statistically comparable to maize + soy-
bean intercropped in 2:1 row proportion, compared
to the rest of the intercropping and sole cropping of
cowpea and soybean (Figure 1). This could be due to

better green fodder yield of maize in sole maize and
higher economic value of the soybean intercrop in
maize + soybean intercropped in 2:1 row proportion
as forage equivalent yield is a function of economic
value of the crop and its yield. Similar results were
found by Rehman and Raja, (2020).

Relative Economics

Research findings revealed that sole maize had the
highest benefit:cost ratio (1.58) followed by treat-
ment maize + soybean intercropped in 2:1 row pro-
portion (1.51) with the lowest benefit:cost ratio in
sole cowpea (0.36) (Table 3). In addition, maize +
cowpea and maize + soybean in proportion of 2:1
had a higher B:C ratio than maize + cowpea and

Table 3. Relative Economics of maize legume mixtures under different cropping systems (Rs/ha)

Treatment Cost of Gross Net Returns B:C
cultivation returns

Units Rs/ha Rs/ha Rs/ha Rs/ha
Sole Maize 33142 85660 52518 1.58
Sole Cowpea 33962 46325 12363 0.36
Sole Soybean 35062 60525 25463 0.72
Maize + Cowpea (1:1) 33552 67540 33988 1.01
Maize + Cowpea (2:1) 33446 76690 43243 1.29
Maize + Soybean (1:1) 34102 71860 37758 1.10
Maize + Soybean (2:1) 33820 84945 51124 1.51
Maize (70%) + Cowpea (30%) mixed 33388 73040 39652 1.18
Maize (70%) + Soybean (30%) mixed 33718 78660 44942 1.33
Maize (70%) + Cowpea (15%) + Soybean (15%) mixed 33553 77915 44362 1.32

Fig. 1. Forage Equivalent yield of different cropping systems
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maize + soybean in row ratio of 1:1.These findings
corroborate those of Rehman and Raja, (2020) and
Ginwal et al. (2019).

Conclusion

According to the result of the research, the sole
maize yielded more green and dry fodder than the
other cropping systems. It was also revealed that
sole maize was economically sustainable. As a re-
sult, it can be inferred that sole maize cropping sys-
tem can be used for improved fodder production
and efficiency.
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