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Abstract

The synergistic effects of maize-legume intercropping and zinc fortification were studied on forage yield, quality and profitability
in the temperate climate of Kashmir in the years 2020 and 2021. Treatment sets included five cropping systems viz. sole maize,
sole cowpea, sole soybean, maize + cowpea (2:1), maize + soybean (2:1) and three zinc levels; Zn0= control, Znl = 20 kg ZnSO,
ha (basal soil application) and Zn2 =20 kg ZnSO, ha™! (basal soil application) + 0.5% ZnSO, spray twice (30 DAS and 50 DAS).
Among the cropping systems, sole maize recorded the highest green (45.57 t ha™ and dry (13.82 t ha™) fodder yield, followed
by maize + soybean intercropping. Soil + foliar zinc application (Zn2) recorded an increase of 10% in green fodder and a 33%
increase in dry fodder over control (Zn0). Maize +legume intercropping significantly increased dry matter intake (2.14 and 2.13%),
digestible dry matter (62.62 and 61.99%) and total digestible nutrients (64.22 and 63.77%) in maize + cowpea and maize + soybean
intercropped systems, respectively, over sole maize. Maize + legume intercropping also improved relative feed value over sole
maize and produced good quality fodder. Zinc fertilization significantly increased relative feed value from 106.30% in Zn0 to
111.61% in Zn1 and 116.38% in Zn2. Application of ZnSO, @ 20 kg as soil application + 0.5% ZnSO, sprayed twice at 30 and 50
DAS to maize + soybean/cowpea intercropping (2:1) system resulted in enhanced yield, better quality and higher profitability.
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Introduction

Fodder deficiency is identified as one of the major
constraints in achieving the desired level of livestock
productivity (Arif et al., 2023). The actual milk production
potential of livestock in India is not realized because
of the poor quality of available fodder and the costly
nature of concentrate feeds (Mahanta et al., 2020; Manoj
et al., 2022). Thus the forage that is nutritionally rich and
has a high dry matter intake, digestibility, and low fiber
content would help to lower the cost of livestock feeding
and increase animal productivity (Chaudhary et al., 2012;
Prajapati et al., 2023). Among forage cereals, maize (Zea
mays L.) is the most versatile crop, having high yield
potential and wider adaptability in diverse ecologies.
However, it produces forage with low protein content
and is hence considered low-quality forage. On the other
hand, legume monocultures are a rich protein source

© Range Management Society of India

but have low water-soluble carbohydrate and dry matter
yields (Alvarez et al., 2020). In this context, cereal-legume
mixed cropping systems are a viable option to meet the
quality forage and fodder demand. Forage cultivation
from cereal +legume mixed cropping systems can ensure
equitable and judicious utilization of resources, increase
fodder productivity, improve protein content and other
quality parameters (Zhang et al., 2015) and produce highly
nutritive forage.

Cowpea [Vigna unguiculata (L.) Walp] is an important
fodder crop due to its short duration, high yield and quick
growth along with high protein content and palatability.
Leguminous cowpea is mostly indeterminate in growth
and thus maintains forage quality over longer periods
(Bimbraw, 2013), is a good source of protein and can
help to lower the cost of fodder production (Gupta et al.,
2019). Soybean [Glycine max (L.) Merrill] is also an annual



Mir et al.

legume with a long history of being grown as a forage
crop. Harvesting of soybean forage at certain growth
stages has been considered highly suitable for animal
feed, as it has high protein, greater digestible energy and
low fiber content at these stages (Kulkarni et al., 2018).
Maize and soybean are the nitrogen-consuming C4 and
nitrogen-fixing C3 crops, respectively, grow in the same
season, make judicious use of resources (Yang et al., 2015)
and result in quality fodder.

Zn, as an important nutrient for plants, also plays a
critical role in quality fodder production (Mahdi et al,
2012; Ramakrishna et al., 2022). Like other crops, lower
levels of Zn cause a reduction of yield in fodder crops
and a deficiency of zinc affects animal health and milk
production severely. Direct linkages between available
micronutrients in the soil and their contents in forage and
fodders have been widely studied and clearly established
(Nube and Voortman, 2006). Zinc deficiency in soil is
a worldwide nutritional problem in crop production.
Approximately 50% of Indian soils are deficient in Zn and
as such, there is a necessity to improve the Zn availability
in the soil. In Kashmir valley also, the Diethylene triamine
pentaacetic acid (DTPA)-extractable Zn has been reported
to vary from 0.35 to 0.65 mg kg in high altitude soils while
benchmark soils of Kashmir are deficient (0.15-1.00 mg
kg?) in zinc (Jalali et al.,, 1989 and Kakar et al., 2018). Hence,
in addition to increasing crop yields, zinc fertilization or
agronomic bio-fortification of Zn in crops may also address
nutritional and micronutrient dietary concerns in the
plant-animal-human system (Cakmak, 2009). Keeping in
view the aforementioned points, the present study was
conducted to evaluate the synergistic effects of maize-
legume intercropping and zinc fortification on forage
yield, quality and profitability.

Materials and Methods

Study site: The experimental investigations were carried
out at ICAR-IGFRI, Regional Research Station, Srinagar,
in the kharif seasons of 2020 and 2021. The experimental
site is situated in the temperate zone of Jammu and
Kashmir and lies between 33° 59" 23.9" N latitude and
74° 48’ 0.2"E longitude at an altitude of 1650 m above the
mean sea level. The total rainfall received during the
period of crop growth (April-July) was 29.49 cm and 58.07
cm during 2020 and 2021, respectively. The minimum
temperature ranged from 6.21 to 17.00°C during 2020 and
5.60 to 19.99°C during 2021; the maximum temperature
ranged from 19.21 to 33.21°C and 17.07 to 33.29°C during
2020 and 2021, respectively. The main soil type was
designated as well-drained sandy clay loam in texture
having a normal pH of 6.9, bulk density (1.23 Mg m™) and
electrical conductivity (0.28 dSm™). The mineral nutrient
analysis indicated medium organic carbon (0.72%),

available nitrogen (295 kg/ha), available phosphorus (16.7
kg/ha), high available potassium (364.5 kg/ha) and low
zinc (0.36 ppm) levels in the soil.

Experimental details: The fodder maize variety SFM-
1 developed by SKUAST-K was evaluated along with
cowpea (Shalimar cowpea-1) and soybean (Shalimar
Soybean-3), under the present study. The experiment
was laid out in a Factorial Randomized Block Design
with two factors and each treatment was replicated
thrice. Treatment combinations included five cropping
systems, i.e,, sole maize, sole cowpea, sole soybean, maize
+cowpea (2:1), maize + soybean (2:1) and three zinc levels;
Zn0= control or no zinc application, Znl = 20 kg ZnSO,
ha (basal soil application) and Zn2 = 20 kg ZnSO, ha!
(basal soil application) + 0.5% ZnSO, spray twice (30 DAS
and 50 DAS). Seeds at recommended rates were sown at
30 cm row spacing.

Quality parameters analysis: Plant samples from
each treatment were collected at harvest, oven-dried,
powdered and used for the analysis of quality parameters.
All the oven-dried samples were ground in a Willey mill
using a 2 mm sieve. In the case of intercropping systems,
the plant samples were mixed as per the row proportion
adopted in the treatment. Total N was determined using
the Kjeldahl method and crude protein was calculated
by multiplying the N content by 6.25. Plant and soil
nutrient status results have already been published (Mir
et al., 2024). Neutral and acid detergent fibers (NDF and
ADF) were determined according to Van Soest’s (1991)
procedure. Dry matter intake (DMI), digestible dry matter
(DDM), relative feed value (RFV), relative forage quality
(RFQ), total digestible nutrients (TDN), net energy for
lactation (NEL) and digestible feed energy (DFE) were
estimated from the measured variables according to
the following equations adapted from Lithourgidis et al.
(2006); Kumar et al. (2016) and Manoj et al. (2021).

Total digestible crude protein yield = (0.97 x CPY) - 0.67
Dry matter intake, DMI (%) = 120/NDF

Digestible dry matter, DDM (%) = 88.9- (0.779 x ADF)
Relative feed value, RFV (%) = (DDM x DMI)/1.29
Relative forage quality, RFQ (%) = (TDN x DMI)/1.23
Total digestible nutrients, TDN (%) = 87.84- (0.7 x % ADF)
Net energy for lactation, NEL (M cal kg?) = 1.5 — (ADF
x 0.0267)

Digestible feed energy, DFE (M cal kg‘l) =4.4 x (TDN/100)

Statistical analyses: The data collected on different
parameters were subjected to statistical analysis after
averaging the two-year data. The software package
used for the analysis of data was ‘OPstat, wherever the
‘F’ test was found significant at 5% probability; critical
difference values were used to compare the treatment
means (Sheoran et al., 1998).
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Results and Discussion

Yield studies

Fodder yield: Among the cropping systems, sole maize
recorded the highest green (45.57 t ha™) and dry (13.82
t ha™) fodder yield, followed by maize + soybean
intercropping, which recorded 42.90 and 12.64 t ha’
green and dry fodder yield, respectively (Table 1). Zinc
fertilization significantly increased the fodder yield of all
the crops. Soil + foliar zinc application (Zn2) recorded a
yield increase of 10% in green and a 33% increase in dry
fodder yield over control (Zn0).

Fodder yield is ultimately the most important determinant
of the efficacy of multiple agronomic practices. In addition
to the main crop, the associated intercrops also determine
the total yield in an intercropping system. In the present
investigation, sole maize recorded the highest green
and dry fodder yields, followed by maize + soybean
intercropping. Maize, with a higher biomass potential,
when intercropped with legumes (cowpea and soybean)
in the replacement series, loses on plant population,
leading to a yield reduction. Higher stover yield from
sole cropping as compared to intercropping might be
due to less interspecific competition and increased
habitation population (Singh et al., 2006). They also
reported a higher stover yield of sole soybean (2.07 t ha™)
over sole cowpea (1.13 tha™). Lower production potential
of legumes compared to maize coupled with mutual
shading of intercrop components reduces fodder yields
of grass-legume intercropped systems compared to sole
grass (maize) based production systems. Baghdadi ef al.
(2016) reported higher forage dry matter with maize and
maize + soybean intercropping and lowest with soybean
monocropping. Htet et al. (2017) reported that monocrop
maize had a higher biomass yield (46.2 t ha™) than other
intercropped fodder.

Soil + foliar application of zinc (Zn2) recorded a yield
increase of 10% in green and 33% in dry fodder over
control or no zinc application. The favorable impacts of
zinc resulted in taller plants, an increase in leaf area, leaf-
stem ratio and dry matter production and hence higher
fodder yield. The increase in yield might be because of
the importance and role of zinc as a cofactor of enzymes
and proteins involved in cell division, photosynthesis,
hormone production, cellular growth, protein synthesis,
differentiation and metabolism and extensive plant
root system, which results in vigorous plant growth
(Marschner, 1986 and Ramakrishna et al., 2022). The
improved fodder yield due to zinc application has also
been reported by Kumar et al. (2017) in fodder maize and
Porwal et al. (2024) in oats.

Fodder quality parameters

Crude protein: Average crude protein content varied
from 9.09% in sole maize to 13.86% in cowpea. Maize +

Table 1. Effect of different cropping systems and zinc
levels on total green and dry fodder yield

Treatment ((t;;:e;% fodder yield 311'13; _fltidder yield
Cropping system

Maize 45.57a 13.82a
Cowpea 22.46d 5.38e
Soybean 25.58d 6.61d
Maize + Cowpea  41.18c 11.89%¢c
Maize + Soybean ~ 42.90b 12.64b
SEM + 0.19 0.20
CD (P<0.05) 0.55 0.59
Zinc

Zn0 33.71c 8.53¢
Znl 35.92b 10.30b
Zn2 36.98a 11.38a
SEM + 0.14 0.15
CD (p <0.05) 0.43 0.46

cowpea intercropping increased protein content by about
26.40%, while maize + soybean intercropping increased
protein content by 22% over sole maize (Table 2). Double
zinc application through soil and foliar applications
resulted in the highest crude protein content (11.91%),
which was 3.02% higher than the control (Zn0).

Maize + soybean forage samples recorded the highest
crude protein yield of 12.07 g haand DCPY of 11.03 g ha™,
followed by maize + cowpea recording 11.83 and 10.80 q
ha'CPY and DCPY, respectively. Zinc fertilization also
had a pronounced effect on crude protein yield. Soil +
foliar application of zinc (Zn2) recorded the highest crude
protein yield (11.35 g ha™ and DCPY (10.30 q ha™). Further,
Zn2 increased CPY by 13.27% over Zn1 and 42.05% over
no zinc application.

Intercropping of maize and legumes resulted in increased
crude protein yield over maize and legumes. Higher
protein yield in these treatments may be due to higher
dry matter and protein content, as crude protein yield is
a product of the protein content and dry matter yield. The
higher crude protein content and yield with legume and
maize + legume systems might be attributed to nitrogen
fixation by legume crops that led to more availability and
uptake of nitrogen and, thus, higher protein biosynthesis
(Manoj et al., 2022). Saad et al. (2016) and Htet ef al. (2017)
have reported higher protein yield with maize + cowpea
and maize + soyabean systems, respectively, over either
cereal or a legume monocrop system.

The application of zinc also increased crude protein
content and its yield significantly. Zinc increases N
content and uptake due to synergistic effects on N uptake
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Table 2. Effect of different cropping systems and zinc levels on crude protein content, crude protein yield, digestible crude protein

yield, dry matter, ash and fiber fractions

Crude

Dry

Treatment Ezgtein ;r;igigll‘?;i;? Eri(ie;gb;;f;uéeha_l) :{;:)ﬁer 2/31 E]?el f?%) NDF (%)  ADF (%)
Cropping system

Maize 9.09% 11.06¢ 10.00c 26.12a 8.16e 30.29a 62.26a 35.99a
Cowpea 13.86a 6.42e 5.55e 20.82de  11.50ab 25.08de 45.01e 31.67cde
Soybean 13.27b 7.55d 6.65d 21.67d 11.53a  26.19d 46.67d 32.29cd
Maize + Cowpea  11.49¢ 11.83ab 10.80ab 24.88abc  10.10c  28.29abc  55.84bc 33.13bc
Maize + Soybean ~ 11.09d 12.07a 11.03a 255lab  9.99cd  29.04ab 56.13b 34.13b
SEM + 0.06 0.22 0.21 0.88 0.32 0.66 0.50 0.57

CD (p<0.05) 0.19 0.64 0.62 2.56 0.95 1.93 1.46 1.68
Zinc

Zn0 11.56¢ 7.99¢ 7.07¢ 22.69¢ 9.37¢c 28.47 54.57a 34.94a
Znl 11.80ab 10.02b 9.04b 23.82b 10.53ab  27.77 53.12b 33.27b
Zn2 11.91a 11.35a 10.30a 25.12a 10.87a  27.09 51.85¢ 32.13bc
SEM + 0.05 0.17 0.16 0.23 0.25 0.51 0.39 0.44

CD (p<0.05) 0.15 0.50 0.48 0.68 0.73 NS 1.13 1.30

*10 quintals (q) =1 ton (t)

and its involvement in nitrogen metabolism (Rathore et
al.,, 2015). Zinc is essential for the functioning and stability
of genetic material that plays a direct role in amino acid
synthesis resulting in improved protein content. Kumar et
al. (2017) reported an increase of 45.50% in crude protein
content with zinc application in fodder maize.

Dry matter, ash and fiber contents: Sole maize
recorded the highest dry matter percentage (26.12%),
crude fiber (30.29%), NDF (62.26%) and ADF (35.99%)
contents, whereas legume monocultures recorded
higher ash (11.50 and 11.53%) and lower fiber fractions.
Zinc application increased dry matter and ash contents
and reduced fiber percentages significantly over no zinc
application (Table 2).

Maize with higher yield potential produces a higher dry
matter percentage compared to legumes. Zinc application
also increased dry matter percentage significantly.
Zinc increases growth and dry matter accumulation,
resulting in a higher dry matter percentage. Higher
ash in legumes may, in part, be because of their higher
mineral contents. Manoj et al. (2021) reported higher
dry matter and lower ash percentage with sole maize
over sole cowpea. Zinc fertilization also increased ash
percentage, which could be because of the higher growth
and dry matter accumulating capacity of the plants and
the synergistic effect of zinc on nitrogen, potassium
and other micronutrients also enhances ash content of
the fodder crops (Jamil et al., 2015). Kumar et al. (2017)
in fodder maize and Khinchi et al. (2018) in pearl millet

have reported higher dry matter and ash contents with
zinc application.

Higher CF, NDF and ADF contents for cereal monocrop
compared to sole legumes and cereal-legume mixtures
have also been reported by Baghdadi ef al. (2016) and
Manoj et al. (2022). Application of zinc reduced crude
fiber, NDF and ADF contents significantly as compared to
control (Zn0). Lower CF, NDF and ADF values with zinc
application could be attributed to higher protein synthesis
and lower soluble carbohydrate contents. Significant
reduction in fiber content with zinc application has been
reported by Kumar et al. (2017) and Kumar and Ram (2021)
in maize and by Manisha et al. (2021) in cowpea fodder.

Estimated fodder quality and digestibility
parameters

Fodder quality: DMI varied from 1.92% in sole maize
to 2.66% in sole cowpea (Table 3). Intercropped systems
recorded significantly higher DMI (2.13 and 2.14%) over
sole maize (1.92). Intercropping of maize with legumes
also improved DDM over sole maize. Zinc application
significantly increased both DMI (2.22-2.35%) and DDM
(61.56-63.64%) over control. The two legumes recorded
higher RFV and RFQ as compared to maize and maize-
legume systems. Sole cowpea recorded significantly
higher RFV (132.74%) and RFQ (142.37%). Sole maize
recorded the lowest RFV (90.79%) and RFQ (98.04%).
Maize + legume intercropping significantly improved
RFV (103.09 and 104.12%) and RFQ (110.46 and 112.05%)
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Table 3. Effect of different cropping systems and zinc levels on estimated quality parameters (two-year mean)

Tement ka0 maner(o . vaheto  aquaiyo o OV Oaigh igh
Cropping system

Maize 1.92e 60.84de 90.79% 98.04e 62.63e 0.53e 2.74e
Cowpea 2.66a 64.22a 132.74a 142.37a 65.67a 0.65a 2.88a
Soybean 2.57b 63.74ab 126.99b 136.34b 65.23ab 0.63ab 2.87ab
Maize + Cowpea 2.14c 62.62bc 104.12¢ 112.05¢ 64.22bc 0.59bc 2.82bc
Maize + Soybean 2.13cd 61.99cd 103.09cd 110.46cd 63.70cd 0.57cd 2.81bcd
SEM =+ 0.02 0.44 1.19 123 0.40 0.01 0.01
CD (p<0.05) 0.06 1.30 3.48 3.58 117 0.04 0.05
Zinc

Zn0 2.22c 61.56¢ 106.30c 114.60c 63.27¢ 0.55¢ 2.77¢c
Znl 2.28b 62.84ab 111.61b 120.00b 64.42ab 0.60ab 2.83ab
Zn2 2.35a 63.64a 116.38a 124.95a 65.15a 0.62a 2.86a
SEM =+ 0.01 0.34 0.92 0.95 0.31 0.01 0.01
CD (p<0.05) 0.04 1.01 2.69 2.78 0.90 0.03 0.04

over sole maize and produced good quality fodder. Zinc
fertilization significantly increased RFV from 106.30 to
116.38% and RFQ from 114.60 to 124.95% in control (Zn0)
and soil + foliar application (Zn2), respectively.

Digestibility and energy attributes: Total digestible
nutrients (TDN%), net energy for lactation (NEL) and
digestible feed energy (DFE) values were found higher
in legume monocultures, intermediate in maize-legume

intercropping systems and lowest in sole maize (Table
3). TDN ranged from 62.63 to 65.67%, NEL from 0.53 to
0.65 M cal kg and DFE from 2.74 to 2.88 M cal kg for
sole maize and cowpea, respectively. Intercropping of
maize with cowpea and soybean resulted in improved
TDN, NEL and DFE parameters of forage samples over
maize forage. Zinc application resulted in higher TDN
(63.27-65.15%), NEL (0.55-0.62) and DFE (2.77-2.86 M cal
kg™) with soil + foliar application compared to control.
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Fig 1. Linear regression line among cropping systems between dry fodder yield vs. (a) CPY (b) ash% (c) NDF% (d) REV%
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Table 4. Effect of different cropping systems and zinc levels on economic parameters

Treatment combination Cost of cultivation T ha!  Gross returns ¥ ha™ Net returns T ha™ B:C ratio
Zn0 34179 87200 53020 1.54
Maize Znl 35259 92100 56840 1.60
Zn2 35841 94140 58299 1.62
Zn0 29589 51525 21936 0.74
Cowpea Znl 30669 57400 26731 0.86
Zn2 31252 59537 28285 0.88
Zn0 29990 59512 29522 0.98
Soybean Znl 31070 65037 33967 1.08
Zn2 31652 67312 35795 113
Zn0 34003 82122 48119 141
Maize + cowpea Znl 35083 86680 51597 1.46
Zn2 35666 89010 53344 1.49
Zn0 34138 86147 52009 1.52
Maize + soybean Znl 35218 91225 56007 1.58
Zn2 35801 93585 57784 1.61

*Input cost: Maize seed Rs 45/kg; Cowpea Rs 60/kg; Soybean Rs. 70/kg; Rate of green fodder: Maize Rs. 2/kg; Legumes = Rs. 2.5/kg
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Fig 2. Linear regression line among zinc levels between dry fodder yield vs. (a) CPY (b) ash% (c) NDF% (d) RFV%

Both the legumes recorded higher dry matter intake
(DMI), digestible dry matter (DDM), total digestible
nutrients (TDN), net energy for lactation (NEL), digestible
feed energy (DFE), relative feed value (RFV) and relative
forage quality (RFQ) over sole maize. Intercropped
treatments significantly improved all the estimated
quality and digestibility parameters over sole maize.
Lower intake, digestibility and energy values for sole
maize might be due to more fiber and low in vitro nutrient
digestibility compared to legumes. NDF and ADF are
used to predict the dry matter intake and digestible

dry matter, respectively. Dry matter intake is negatively
correlated with NDF, whereas digestible dry matter
is negatively correlated with ADF. The results further
indicated that the two legumes with mean RFV of 132.74%
(cowpea) and 126.99% (soybean) were categorized as
premium quality, maize + cowpea (RFV 104.12%) and
maize + soybean (RFV 103.09%) as good and sole maize
(RFV 90.79%) as fair quality fodder. TDN content of forage
is inversely related to its ADF concentration; therefore,
as a concentration of ADF increases, there is a decline in
TDN content, which limits an animal’s ability to utilize
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the nutrients present in the forage (Carmi et al., 2006). Arif
et al. (2023) reported higher estimated quality parameters
in pearl millet + cluster bean intercropping with a higher
proportion of legume. The fodder with higher protein
and lower fiber fractions makes it more palatable and
thereby improves the digestibility for livestock (Manoj ef
al., 2021). Kaithwas et al. (2020), Manoj et al. (2021) and Arif
et al. (2023) reported higher fiber fractions, lower intake
and lower digestibility with cereal fodder and vice-versa
with legume and cereal-legume mixtures.

The application of zinc also influenced DMI, DDM
and RFV significantly. Reduction in fiber values and
enhancement of protein content of fodder with soil
and foliar Zn application resulted in higher intake and
digestibility. Kumar and Ram (2021) and Manisha et al.
(2021) have reported higher forage intake and digestibility
parameters with zinc application in fodder maize and
fodder cowpea, respectively, over no zinc application.

Regression and correlation studies on fodder yield
and quality parameters: With respect to cropping
systems, dry fodder yield showed a significantly positive
correlation with CPY and NDF contents and a negative
correlation with ash and RFV percentages (Fig 1-2). The
R2 for dry fodder yield with CPY (0.90), ash (0.82), NDF
(0.99) and RFV (0.98) were highly significant and thus
variations in CPY, ash, NDF and RFV could be explained
to the extent of 90, 82, 99 and 98%. Among the different
zinc levels, CPY, ash and RFV percentages showed a
positive correlation, while NDF (%) showed a negative
correlation with dry fodder yield.

Economic analysis: Economic evaluation plays a vital
role in knowing the practical feasibility of any package
of practice. The prevailing costs of inputs such as seed,
fertilizer and, manures, mechanical and manual labor
requirements were used for the evaluation. Results
(Table 4) indicated that different treatment combinations
influenced gross returns, net returns and benefit-cost
ratio. The highest gross returns (394140 ha™), net returns
(358299 ha'), and B: C ratio (1.62) were realized with
a treatment combination of sole maize + Zn2 closely
followed by the treatment combination of maize +
soybean + Zn2 with gross returns (393585 ha), net
returns (357784 ha) and B: C ratio (1.61). The higher
returns were, of course, a result of higher productivity.
Rehman and Raja (2020) reported a higher B: C ratio (2.43)
with sorghum, followed by sorghum + soybean (2:1).
Meena et al. (2023) reported the highest B: C ratio (3.77)
with sole napier-bajra hybrid grass compared to other
mono and multicrop systems.

Zinc application increased fodder yield significantly
without much investment, hence leading to increased
net returns and B: C ratio. Peddapuli et al. (2021) have
also reported higher net returns and B: C ratio with zinc
application in sweet corn.

Conclusion

In conclusion, the findings of the study revealed
that maize-legume intercropping coupled with zinc
application resulted in enhanced fodder yield and
quality. Considering both fodder yield and quality,
it is recommended that the maize-soybean/cowpea
intercropping (2:1) system be adopted along with the
application of zinc fertilization (ZnSO, @ 20 kg as soil
application and 0.5% ZnSO, sprayed twice at 30 to 35 and
50 days after sowing) for achieving higher fodder yield,
quality, increased profitability and soil sustainability.
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