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Introduction 
 

India’s livestock sector is one of the largest in 

the world; livestock population is around 

536.76 million in the country showing an 

increase of 4.8% over livestock census 2012 

(20
th

 Livestock census-2019 all India report). 

At the current level of growth in forage 

resources, there will be 18.4% deficit in green 

fodder and 13.2% deficit in dry fodder in the 

year 2050. Only large farmers (< 5 %) grow 

any fodder, small and a marginal farmer (90 
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Field experiment was conducted at research farm Bihar agricultural university, Sabour 

during Kharif -2019 to find the appropriate row ratio of cereal and legume intercrop for 

better quality of forage with maximum net returns. Intercropping system had significant 

effect on nutritive value of forage crops and economics. The experiment was laid out in 

randomized block design consisting of 11 treatments e. i. sole sorghum, sole pearl millet, 

sole cowpea, sorghum + cowpea and pearl millet + cowpea intercropping each with 1:1, 

1:2, 2:1, 2:2 row ratio with three replications. Among the different row ratios of 

intercropping, the green fodder and dry fodder yield as 491.0 and 103.30 q ha
-1

 

respectively were found significantly higher with 2:1 row ratio intercropping of sorghum 

and cowpea. Quality parameters of cereal fodder were influenced by intercropping of 

cowpea because it is able to fix the atmospheric N, some part of which might have become 

available to cereal crop. In aspect of quality parameter the average crude protein (18.16 %) 

and ash content (15.89 %) were found significantly higher with minimum average crude 

fiber content (23.42 %) in sole cowpea followed by 1:2 row ratio intercropping of pearl 

millet + cowpea and sorghum + cowpea. Whereas, crude protein yield (5.52 q ha
-1

) was 

found significantly higher with 2:1 row ratio intercropping of sorghum and cowpea due to 

its greater biomass production followed by 1:1 and 2:2 row ratio of sorghum and cowpea. 

The Highest gross return (79,731 Rs ha
-1

), net returns (55,597 Rs ha
-1

) and B: C ratio 

(2.30) was obtained under 2:1 row ratio intercropping of sorghum and cowpea which is 

significantly higher than all other treatments. Therefore it is concluded that, intercropping 

of sorghum and cowpea with 2:1 row ratio is found economically viable for farmers with 

quality green fodder and higher net returns. 
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%) depends on crop residues for feeding the 

livestock. Forages are considered to be the 

most palatable, economical and nutritious 

animal feed resource for livestock particularly 

for dairy animals (Ibrahim et al., 2012 and 

Iqbal, 2015). Intercropping of legumes and 

cereal is an old practice in tropical agriculture 

that dates back to ancient civilization. The 

main objective of intercropping has been to 

maximize use of resources such as space, 

light and nutrients (Li et al., 2003) as well as 

to improve crop quality and quantity 

(Mpairwe et al., 2002). The current trend in 

global agriculture is to search for highly 

productive, sustainable and environmental 

friendly cropping systems (Crew and Peoples, 

2004). Cereal forages like sorghum can 

provide abundant quantities of green forage 

during summer months, but dairy animals fed 

on forage sorghum need protein and energy 

rich concentrates to make up for protein 

deficiency (Iqbal et al., 2015). Sorghum-

cowpea intercropping has been reported as 

one of the biologically and economically 

feasible options to increase the productivity 

and quality of forage (Rao et al., 2005; Ghosh 

et al., 2006). Cowpea is a rich source of plant 

protein and its inclusion in animal’s feed 

reduces the need to supplement lactating 

animals with concentrates. Cowpea, being a 

leguminous crop, has the ability to fulfil a 

greater proportion of nitrogen requirement 

through nitrogen fixation process taking place 

in root nodules with the help of soil bacteria, 

namely, Rhizobium leguminasorum (Acikgoz 

et al., 2008). Fixed nitrogen not only 

improves vegetative growth of cowpea but 

also gets transferred to cereal crops through 

roots intermingling in cowpea based 

intercropping systems (Sheaffer et al., 2001).  

 

The maximum fresh weight per plant, total 

green fodder yield, dry matter percentage and 

protein content were produced when sorghum 

was grown in mixture with cowpea (Abbas, 

2005). Intercropping including legumes is 

known to enhance forage crude protein 

concentration compared with cereal sole 

cropping and to use resources more efficiently 

(Papastylianou, 2004). Abd El-Shafy et al., 

(2009) concluded that forage mixture were of 

more crude protein (CP) content than sole 

maize but less than cowpea in its pure stand, 

while crude fiber (CF) content was less than 

sole maize and more than cowpea in its pure 

stand. Dahmardeh et al., (2010) concluded 

that intercropping of maize and cowpea 

resulted in more digestible dry matter and also 

crude protein content than maize sole 

cropping. Javanmard et al., (2009) worked on 

intercropping of maize with different legumes 

and indicated that, dry matter yield and crude 

protein yield of forage increased by all 

intercropping compositions as compared with 

maize monoculture. Due to rapid increase in 

population and reduction in cultivated area, 

horizontal increase in forage production is 

almost impossible; the possible approach is to 

increase its yield per unit area. Non-legume 

intercropped with legume significantly 

increased the total mixed green forage yield 

and crude protein content of mixed forage 

(Iqbal et al., 2006). In general, beneficial 

effects of legumes intercropped in cereals 

like- sorghum, maize have been observed 

under low fertility condition because legumes 

fix atmospheric nitrogen besides meeting their 

own N requirements. This eventually helps in 

meeting the N needs of cereals partially (Ibrar 

et al., 2002). 

 

Materials and Methods 

 

Field experiment was conducted at research 

farm Bihar agricultural university, sabour 

during Kharif season- 2019. It is located at 

25° 23' N, 78° 07' E and 37.19 meters above 

the mean sea level. The soil of the 

experimental field was loamy in nature with 

medium in organic carbon, low in available 

nitrogen, available phosphorus and available 

potassium with almost neutral pH in reaction. 
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The experiment was laid out in randomized 

block design (RBD) consisting of 11 

treatments (sole sorghum, sole pearl millet, 

sole cowpea, sorghum + cowpea and pearl 

millet + cowpea intercropping each with 1:1, 

1:2, 2:1, 2:2 row ratio). It has three 

replications and a net plot size is 6 m × 3.6 m 

with 12 rows in each plot. Field was 

cultivated with cultivator 3 to 4 times and 

then planking was done to make the soil 

feasible for sowing. The seed rate of sorghum, 

pearl millet and cowpea was applied at the 

rate 18, 08 and 30 kg ha
-1

 respectively. The 

variety of sorghum, pearl millet and cowpea 

was used SSG 998, Gaint bajra and Bundel 

lobia-1 respectively. The recommended 

application of fertilizers (N, P2O5 and K2O) 

was applied at the rate 80, 60 and 40 kg ha
-1

 

for sole sorghum and pearl millet whereas, 20, 

60 and 40 kg ha
-1

 for sole legumes but in 

intercropping system 40 kg N was applied in 

1:1 and 2:2 row ratio while 40 and 60 kg N 

was applied in 1:2 and 2:1 row ratio 

respectively whereas, the dose of phosphorus 

and potash was same. In sole sorghum and 

pearl millet, 2/3
rd

 nitrogen along with all 

phosphorus and potash were applied as basal 

and the remaining 1/3
rd

 nitrogen was top 

dressed at 30 days after sowing (DAS) but in 

case of cowpea, whole nitrogen along with 

phosphorus and potash was applied as basal 

as well as per treatments. The source of 

nitrogen, phosphorus and potash were urea 

and di- ammonium phosphate (DAP) and 

murate of potash (MOP). Sole and intercrops 

were sown on 04 August, 2019 and harvested 

at 55 to 60 days after sowing as per 50% 

flowering stage of individual crop. In 

recording the green fodder yield from net plot 

area were harvested separately from ground 

surface and weighed. Green fodder yield of 

sorghum, pearl millet and cowpea were 

weighed separately and total green fodder was 

expressed in q ha
-1

. Dry fodder was recorded 

at harvest stage separately for sorghum, pearl 

millet and cowpea. The green fodder from the 

net plot area was dried in sun on the threshing 

floor till 20-25 % moisture level and the dry 

fodder yield was recorded and expressed in q 

ha
-1

.  
 

The collected plant samples from each 

treatment were sun dried and further oven 

dried at 65±5ºC. The oven dried samples were 

ground in a Willy grinding mill and used for 

analysis of quality parameters as 

recommended by Association of Official 

Agriculture Chemist (A.O.A.C., 1990). The 

crude protein content of plant was estimated 

by multiplying with factor 6.25 to the 

nitrogen percentage. Crude protein yield was 

calculated by multiplying crude protein per 

cent with dry matter accumulation of 

respective treatment. The weighted average of 

crude protein (WACP) was calculated by the 

crude protein yield and dry matter 

accumulation. The sorghum equivalents yield, 

land equivalent ratio and B: C ratios were 

calculated by applying standard methods to 

compare the benefits of intercropping 

systems. 

 

Results and Discussion 

 

The results obtained from the present 

investigation as well as relevant discussion 

have been summarized under following 

details. 
 

Green fodder and dry fodder yield 
 

Data presented in table- 1 indicates the green 

fodder and dry fodder yield of sorghum, pearl 

millet and cowpea were affected by 

intercropping pattern. The maximum total 

green fodder and dry fodder yield (sorghum, 

pearl millet and cowpea) was obtained from 

the sorghum and cowpea with 2:1 row ratio 

i.e. 490.99 q ha
-1

 and 103.3 q ha
-1

 

respectively, while sole sorghum having 

460.83 q ha
-1

 of green biomass and 100.81 q 

ha
-1

 dry biomass which is statistically at par 

with intercropping of sorghum and cowpea 
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with 2:1 row ratio. This result indicates the 

complementary and non competitive effects 

of these intercrops due to differences in the 

temporal and spatial characteristics of the 

crops Girase et al., (2007). The improved 

performance of the intercropping system was 

attributed to better utilization of resources, 

particularly soil moisture and nutrients (Gare 

et al., 2009). Similar result was found by 

Sapna et al., (2017) they were stated that 

among the intercropping treatments, 

intercropping of maize with cowpea in 2:1 

row ratio significantly the highest green 

fodder biomass and yield. Same result was 

also reported by sorghum-cowpea and 

Sorghum-cluster bean intercropping in a 2:1 

row proportion resulted in the highest fresh 

and dry biomass than other spatial 

arrangements (Iqbal et al., 2018). 
 

Sorghum Equivalent Yield (SEY) 
 

The data of SEY is also presented in table 1 

shows the effect of intercropping on sorghum 

equivalent yield. Among the all treatments 

sorghum and cowpea intercropping 2:1 row 

ratio having maximum sorghum equivalent 

yield followed by 1:1 and 2:2 row ratio of 

sorghum and cowpea intercropping. The 

higher fodder price of cowpea than sorghum, 

pearl millet and higher green biomass 

production might be a factor for improving 

sorghum equivalent yield. This result is in 

conformity with the finding of Pal et al., 

(2014) reported higher sorghum equivalent 

yield in sorghum + cowpea and sorghum + 

ricebean intercropping system and Amedie et 

al., (2004) also reported higher sorghum 

equivalent yield in sorghum + French bean 

intercropping system followed by sorghum + 

soybean intercropping system.  
 

Land equivalent ratio (LER) 
 

Sorghum and cowpea 2:1 row ratio having 

maximum LER followed by 1:1 and 2:2 

sorghum and cowpea intercropping. The 

higher LER is attributed to higher green 

fodder yield of both crops under intercropping 

systems (Table-1). This result was in 

conformity with the finding of Pal et al., 

(2014) who reported maximum land 

equivalent ratio (LER) in sorghum + cowpea 

intercropping system. Similar result was also 

found by Oseni et al., (2010) and reported 

that an intercropping of sorghum and cowpea 

under different row ratio showed that 2:1 row 

ratio gave a better land equivalent ratio (LER) 

as compared to other planting patterns. 

 

Quality parameters 

 

Weighted average of crude protein, crude 

fiber and ash content  

 

Crude protein content 

 

Data pertaining to average crude protein 

content are presented in the table 2. The 

maximum crude protein was found in sole 

cowpea (18.16 %) followed by intercropping 

of pearl millet + cowpea in 1:2 row ratio 

(12.61 %) and sorghum + cowpea in 1:2 row 

ratio (12.37 %) which is statistically at par 

with each other and significantly greater than 

other treatments except sole cowpea. The 

improvement in quality of cereal fodder under 

intercropping system might possibly the result 

of fixation of nitrogen either by direct 

excretion from the leguminous nodule root 

system or by decomposition of nodules and 

root debris.  
 

These findings are conformed to the result 

obtained by Singh et al., (1983).The legume 

intercrops were able to grow better, fixing 

greater amount of atmospheric N, some part 

of which might have become available to 

cereal crop. This might be the possible reason 

for obtaining higher crude protein content of 

cereal fodder in intercropping system. These 

finding was also obtained by Eskandari and 

Ghanbari (2009). 
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Crude fibre 
 

Data pertaining to average crude fiber content 

are also presented in the table 2. The 

maximum crude fiber content was found in 

sole sorghum (29.21 %) which was 

significantly higher than all other treatments 

and followed by sole pearl millet (29.11 %). 

The minimum crude fiber was noticed in sole 

cowpea (23.42 %). All plants are composed of 

cells having fibrous cell walls for support and 

protection. Contained within the cells are 

several soluble compounds, most of which are 

not readily digestible. Since cell wall material 

is the primary constituent of plants, one of the 

main objectives of forage analysis is to 

characterize the cell wall fibre. Plant fibre has 

three major components viz., cellulose, hemi 

cellulose, and lignin. Cellulose and hemi 

cellulose are digestible to some extent by 

ruminants. Ruminants can convert these fibre 

components to energy because the rumen 

provides the correct environment for bacteria 

and other microorganisms that actually break 

down the fibre but lignin is indigestible, and 

thus cannot be used by ruminants for energy. 

Crude fibre increases with increase in age, so 

it could be ascribe to the accumulation of 

structural material such as hemi cellulose, 

cellulose, lignin, silica etc. These results are 

supported with the findings of Ranjhan 

(1980). 

 

Table.1 Effect of intercropping on Green Fodder and Dry Fodder Yield, Sorghum equivalent 

yield (q ha
-1

) and LER at harvest  

 

 

Treatments 

Total Green 

fodder yield 

(q ha
-1

) 

Total Dry 

fodder yield 

(q ha
-1

) 

Sorghum 

Equivalent 

Yield (q ha
-1

) 

 

LER 

Sorghum (sole) 460.83 100.81 460.83 1.00 

Pearl millet 

(sole) 

366.74 80.76 366.74 1.00 

Cowpea (sole) 247.67 54.66 330.22 1.00 

S + C (1:1) 455.41 98.67 509.34 1.29 

S + C (1:2) 393.71 86.39 464.98 1.26 

S + C (2:1) 490.99 103.30 531.54 1.30 

S + C (2:2) 451.05 96.32 503.92 1.28 

P + C (1:1) 388.61 83.70 441.37 1.27 

P + C (1:2) 358.12 78.67 429.04 1.26 

P + C (2:1) 410.17 84.21 450.64 1.28 

P + C (2:2) 386.61 83.73 439.95 1.27 

SEm ±  11.88 1.97 12.86 0.03 

CD (P=0.05)  35.06 5.80 37.95 0.10 
S= Sorghum, P= Pearl millet, C= Cowpea, LER= Lend equivalent ratio 
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Table.2 Effect of intercropping on weighted average crude protein, crude fiber and ash content (%) of fodder  

sorghum, pearl millet and cowpea at harvest 

 

Treatments Crude protein (%) Crude fiber (%) Ash content (%)  

 Sorghu

m 

Pearl 

millet 

Cowpea WACP 

(%) 

Sorghum Pearl 

millet 

Cowpea WACF 

(%) 

Sorghu

m 

Pearl 

millet 

Cowpe

a 

WAAC 

(%) 

Sorghum (sole) 7.51 -- -- 7.51 29.21 - - 29.21 10.35 - - 10.35 

Pearl millet 

(sole) 

-- 7.29 -- 7.29 - 29.11 - 29.11 - 10.44 - 10.44 

Cowpea (sole) -- -- 18.16 18.16 - - 23.42 23.42 - - 15.89 15.89 

S + C (1:1) 8.48 -- 16.62 10.80 27.41 - 24.75 26.66 10.66 - 15.50 12.04 

S + C (1:2) 8.65 -- 17.02 12.37 26.87 - 24.26 25.72 10.93 - 15.75 13.04 

S + C (2:1) 7.98 -- 15.34 8.85 28.40 - 25.00 27.83 10.41 - 15.11 11.11 

S + C (2:2) 8.47  -- 15.87 10.57 27.05 - 24.83 26.42 10.74 - 15.58 12.11 

P + C (1:1) -- 8.51 15.68 10.74 - 27.66 24.32 26.62 - 10.64 15.37 12.14 

P + C (1:2) -- 8.73 17.03 12.61 - 27.23 24.19 25.79 - 10.96 15.68 13.19 

P + C (2:1) -- 7.68 15.21 8.61 - 28.11 24.86 27.64 - 10.45 15.09 11.21 

P + C (2:2) -- 8.54  16.81 11.11 - 27.59 24.28 26.56 - 10.69 15.48 12.16 

SEm ±  -- -- 

 

-- 

 

0.30 

 

-- -- -- 0.28 

 

-- -- -- 0.13 

 

CD (P=0.05)  -- -- 

 

-- 

 

0.90 

 

-- -- -- 0.83 

 

-- -- -- 0.39 

 

S= Sorghum, P= Pearl millet, C= Cowpea, WACP=Weighted average crude protein, WACF= Weighted average crude fiber and 

WAAC= Weighted average ash content 
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Table.3 Effect of intercropping on total crude protein yield (q ha
-1

) of fodder sorghum, pearl 

millet and cowpea at harvest 
 

Treatment Crude protein yield (q ha
-1

) Total crude protein 

yield (q ha
-1

) Sorghum Pearl millet Cowpea 

Sorghum (sole) 5.12 - - 5.12 

Pearl millet 

(sole) 

- 4.69 - 4.69 

Cowpea (sole) - - 4.80 4.80 

S + C (1:1) 2.94 - 2.30 5.24 

S + C (1:2) 2.02 - 3.08 5.10 

S + C (2:1) 4.02 - 1.50 5.52 

S + C (2:2) 2.93 - 2.28 5.21 

P + C (1:1) - 2.6 2.29 4.89 

P + C (1:2) - 1.75 3.07 4.82 

P + C (2:1) - 3.60 1.51 5.11 

P + C (2:2) - 2.58 2.28 4.86 

SEm ±  --  --  --  0.09 

CD (P=0.05)  --  --  --  0.27 

S= Sorghum, P= Pearl millet, C= Cowpea  

 

Table.4 Effect of intercropping on gross returns, net return (Rs. ha
-1

), B: C ratio and Net 

profitability (Rs. ha
-1

day
-1

) 
 

Treatments Cost of 

cultivation 

(Rs. ha
-1

) 

Gross 

returns 

(Rs. ha
-1

) 

Net returns 

 (Rs. ha
-1

) 

B:C Ratio Net 

profitability 

(Rs. ha
-1

day
-1

) 

Sorghum (sole) 23814  69125 45311 1.90 742.80 

Pearl millet 

(sole) 

22942  55011 32069 1.40 525.71 

Cowpea (sole) 24775  49533 24758 1.00 405.87 

S + C (1:1) 24295  76401 52106 2.14 854.20 

S + C (1:2) 24455  69748 45293 1.85 742.51 

S + C (2:1) 24134  79731 55597 2.30 911.42 

S + C (2:2) 24295  75588 51293 2.11 840.87 

P + C (1:1) 23859  66205 42347 1.77 694.21 

P + C (1:2) 24164  64357 40193 1.66 658.90 

P + C (2:1) 23553  67596 44043 1.87 722.01 

P + C (2:2) 23859  65992 42134 1.77 690.71 

SEm ±  - 1930 1930 0.08 31.63 

CD (P=0.05)  - 5692 5692 0.24 93.31 

S= Sorghum, P= Pearl millet, C= Cowpea 
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Ash content 
 

Data pertaining to weighted average ash 

content of sorghum, pearl millet and cowpea 

are furnished in table 2. Ash content was 

found significantly higher in sole cowpea 

(15.89 %) than other treatments. This was 

followed by the ash content under pearl millet 

+ cowpea with 1:2 row ratio (13.19 %) and 

sorghum + cowpea with 1:2 row ratio (13.04 

%) which were statistically at par with each 

other but significantly greater than other 

treatments except sole cowpea. While ash 

content decreases with the maturity could 

results from dilution of minerals as crop 

matures. This finding was also supported with 

Dahmardeh et al., (2010). 

 

Crude protein yield 

 

The data on crude protein yield of sorghum, 

pearl millet and cowpea are individually 

presented in table 3. The highest dry matter 

yield of sorghum could be the reason for 

higher crude protein yield. In intercropping of 

fodder sorghum + cowpea (2:1) resulted the 

highest crude protein yield (5.52 q ha
-1

) due to 

highest crude protein content in the legume 

component and higher total dry matter yield 

of fodder sorghum at the time of harvest. 

Raman Kumar and Bhanumurthy (2001), 

Kumar and Prasad (2003), Kumar et al., 

(2005) and Sharma et al., (2008) also reported 

that the higher crude protein yield.  

 

Gross returns net returns and B: C ratio 

 

The data pertaining to gross returns and net 

returns of sorghum, pearl millet and cowpea 

intercropping are presented in table 4. The 

data indicated that gross return was 

significantly influenced by different 

treatments of intercropping in the experiment. 

The significantly maximum gross return was 

recorded from sorghum and cowpea 

intercropping with 2:1 row ratio (Rs. 79,731) 

which was statistically comparable with that 

of sorghum and cowpea intercropping (1:1) 

row ratio with a gross return of Rs.76, 401. 

The maximum net return (Rs. ha
-1

) was also 

obtained from 2:1 row ratio intercropping of 

sorghum and cowpea (Rs. 55597) which was 

significantly superior over all the row ratios 

of intercropping system. The benefit cost ratio 

was found significantly higher (2.30) in 

sorghum and cowpea 2:1 row ratio 

intercropping of followed by 1:1 row ratio of 

sorghum and cowpea intercropping. Similar 

result was found by Bhagat Sapna et al., 

(2017).  

 

On the basis of these findings, it is concluded 

that, Intercropping of forage sorghum with 

cowpea 2:1 row ratio gave higher crude 

protein yield and green fodder yield having 

maximum net returns, LER and B: C ratio. 

Hence, it is for higher productivity and higher 

economic returns, the intercropping of 

sorghum and cowpea with 2:1 row ratio can 

be adopted in medium to up land situations 

for farmers with quality green fodder and 

higher net returns. 
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