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Abstract 
 

A field experiment to determine the effect of different sowing techniques and forage legume 

intercropping on yield and quality of pearl millet forage was conducted at Agronomic 

Research Area, University of Agriculture, Faisalabad. The experiment was laid out in 

randomized complete block design (RCBD) with factorial arrangement comprising three 

replications. Pearl millet was sown alone and in association with cluster bean and cowpea 
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with three sowing techniques like line sowing at 30cm apart rows, 45cm apart rows and by 

broadcast method. The net plot size was 8 m x 2.7 m. Data on growth, yield and quality 

parameters was recorded using standard procedures and was statistically analyzed by using 

Fisher
’
s analysis of variance technique. Yield and quality parameters of pearl millet gave 

significantly better results by mix cropping with cluster bean. Results showed that maximum 

green forage yield (73.33 t ha
-1

), dry matter yield (15.25 t0 ha
-1

) and crude protein %age 

(17.98 %) was recorded by pearl millet and cluster bean sown in association with each other 

in 30 cm apart rows. Maximum benefit cost ratio (2.81) was calculated where pearl millet + 

cluster bean were sown at 30 cm apart rows. So it is recommended that pearl millet should be 

sown together with cluster bean in 30 cm apart rows to obtain maximum forage yield and 

protein% age under agro ecological conditions of Faisalabad. 

 

Keywords: Pearl millet. Clusterbean. Cowpea. Sowing techniques. Forage yield and quality. 

 

1. Introduction 

 

The production of large quantity and good quality forage is the basic requirement for a 

more efficient and productive industry of livestock. In Pakistan almost 2.35 million hectares 

area is under cultivation of fodder crops which is almost 12% of the total cropped area of 

Pakistan (Agricultural Statistics of Pakistan, 2012). Although fodder is the cheapest form of 

feed for livestock but the present production of fodder does not meet the fodder requirements 

both in terms of quantity and quality in Pakistan, which  results in the under nourishing of 

animals. There is a lot of potential and scope for increasing the supply of balanced quality 

fodder in the country. The conventional forage crops in Pakistan, include Egyptian clover, 

Indian clover,  Persian clover, alfalfa, oat, millet, sorghum, maize, clusterbean,  cowpea, 

sudan  grass and some new fodders like ricebean, bajra napier hybrid, mazenta and mott grass 

etc. 

There are two major approaches to increase the fodder production. In the first 

approach increase the total area under fodder production. Due to increasing population at the 

rapid rate of about 3 % per annum it is impossible to increase the area for fodder production. 

Thus the only way to meet the fodder requirement for livestock is to increase the per hectare 

yield. So to increase the per hectare forage yield and quality, mix cropping especially with 

legumes can increase both green fodder yield and improve the quality because legumes are 

good source of protein (Moreira, 1989). Mixed cropping of cereal with legumes fodder 

increases the quality of cereal fodders (Khandaker, 1994). It is very simple and cheap strategy 

and useful technology for increase in crop production (Awal et al., 2006). The most common 

objective of intercropping is to produce more yields on given piece of land and better use of 
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available resources that are not used in single crop. Cereal fodder produce more forage yield 

as compare to leguminous fodders. Cereal like pearl millet, sorghum, maize, oat and sodan 

grass etc. contain average protein contents of 8.20, 5.90, 6.70, 6.55 and 5.72 percent 

respectively. On the other hand many leguminous fodders such as guara, berseem, vetch, 

cowpea, lucern, moth bean and Indian clover are the best source of nutritious fodder and these 

contain 18.20, 16.90, 15.65, 17.50, 17.80, 15.22 and 19.12 percent crude protein contents 

respectively. Gill and verma (2000) reported that intercropping of cereal forages with legumes 

increased the nutritive value of forages. So increase the fodder quality mix cropping of cereal 

fodders with legumes is a good option. 

Sowing method plays an important role in obtaining higher yield of any crop. Ahmad 

et al, (2007) suggested that for the purpose of getting higher yield of palatable, nutritious and 

high quality sorghum fodder, the practice of intercropping forage sorghum with forage 

legumes preferably cowpea and sesbania under the planting pattern of 45-cm spaced two-row 

strips with 15 cm space between the rows in a strip (15/45) should be adopted. Similarly 

Ayub and Shoaib (2009) reported that sorghum sown in 30 cm apart rows intercropped with 

clusterbean produced highest green forage yield and dry matter yield. Present study is 

therefore planned with following objectives:  

• To determine the yield and quality of pearl millet sown alone and in association 

with clusterbean and cowpea; 

• To compare the performance of different sowing techniques on agro quality traits 

of pearl millet. 

 

2. Materials and Methods 

 

The experiment regarding the performance of pearl millet (Pennisetum americanum 

L.) grown in association with cluster bean and cowpea under different sowing techniques was 

conducted at Agronomic Research Area University of Agriculture, Faisalabad. The 

experiment was laid out in randomized complete block design (RCBD) with factorial 

arrangement using three replications. The net plot size was 8m x 2.7m. Different treatments 

were T1= Pearl millet sown alone by broadcast method, T2= Pearl millet sown alone at 30cm 

apart rows, T3= Pearl millet sown alone at 45cm apart rows, T4= Pearl millet + cluster bean 

sown by broadcast method, T5= Pearl millet + cluster bean sown at 30cm apart rows, T6= 

Pearl millet + cluster bean sown at 45cm apart rows, T7= Pearl millet + cowpea sown by 
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broadcast method, T8= Pearl millet + cowpea sown at 30cm apart rows and T9= Pearl millet + 

cowpea sown at 45cm apart rows. Sowing was done with the help of single row hand drill and 

recommended seed rate was used for pearl millet 15kg ha
-1

, cluster bean 50kg ha
-1

 and 

cowpea 30kg ha
-1

.  A recommended dose of NP @ 100-50 kg ha
-1

 was applied to all the 

experimental plots uniformly. Nitrogen and Phosphorus were applied in the form of Urea and 

Diammonium phosphate (DAP).  Whole of the phosphorus and half nitrogen was applied at 

the sowing time while the remaining nitrogen was applied with the 1
st
 irrigation. Irrigation 

was applied according to the need of crop. All other agronomic practices were kept normal 

and uniform for all the treatments. Observation regarding plant population, plant height, leaf 

area per plant, fresh weight per plant, dry weight per plant, mixed green forage yield and 

mixed dry matter yield was recorded by the standard procedures. Quality parameters like 

crude protein %age, crude fibre %age, and total ash %age were determined by using standard 

procedure as recommended by AOAC (1984). For economic analysis net field benefit (NFB) 

was calculated by subtracting the variable cost from the gross benefit of each treatment 

combination. Input and output cost for each treatment combination was converted into Rs. ha
-

1
. 

                               NFB= Gross income – variable cost 

 

 Thereafter benefit cost ratio was calculated by dividing gross income to the total cost 

of production. Data collected on all parameters was analyzed statistically by using Fisher’s 

analysis of variance technique and treatment means were compared by using the least 

significant difference test (LSD) at 5% probability level (Steel et al., 1997).  

 

3. Results and Discussion 

 

The interactive effect of sowing techniques and cropping techniques on plant 

population of pearl millet were also significant. Maximum number of plants (78.47) of pearl 

millet were recorded in case of where pearl millet sown alone in 30cm apart rows followed by 

the pearl millet sown alone in 45cm apart rows gives plant population of 78.17 m
-2

. Minimum 

number of plants of pearl millet were recorded in case of where pearl millet + cowpea were 

sown in 30cm apart rows and pearl millet + cowpea were sown in 45cm apart rows gives the 

plant population of pearl millet of 44.10 and 47.33 m
-2

 both were statistically at par with each 

other. 
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  The variation in plant population m
-2

 was probably due to competitive behavior among 

component crops for light, nutrients, moisture and allelopathic effects. The results are similar 

with the results of Ibrahim et al. (2006) who also reported the highest plant population of  

maize in case of sole crop than inter crop. Data recorded in table 1 showed that the effect of 

sowing techniques and cropping techniques on the plant height of pearl millet were significant 

while their interaction was non-significant.  

 

Table 1: Yield and yield contributing parameters of forage pearl millet sown alone and 

in association with forage legume (cluster bean and cowpea) under different sowing 

techniques. 
Treatments Plant 

population 

(m-2) 

Plant height 
(cm) 

Leaf area 
(cm-2) 

Fresh weight 
plant-1 (g) 

Dry weight 
plant-1 (g) 

Total green 
fodder yield 

(t. ha-1) 

Total dry 
matter 

yield(t. 

ha-1) 

Mix Cropping 

C1(Millet alone) 63.87  A 

 

192.06  C 2173.0  C 

 

153.73  A 

 

42.85 B 51.55 C 10.84  C 

C2 (Millet+Guara) 48.74  B 201.33  A 2378.7 A 
 

148.39  A 48.19 A 64.22 A 13.60  A 

C3(Millet+Cowpea) 50.08  B 197.44  B 2247.8  B 124.54  B 

 

40.99 B 57.77 B 11.60  B 

LSD 3.61 3.21 47.62 9.75 4.87 2.40 0.75 

Sowing techniques 

S1(Broad cast) 50.50   B 

 
 

190.05 B 

 

2280.9NS 

 

146.58NS 

 

50.84 A 52.67 C 10.10  C 

S2(30cm in rows) 62.32  A 

 

201.51  A 

 

2264.6 142.52 

 

43.64 B 64.22 A 13.67  A 

S3(45cm in rows) 49.87  B 

 

199.28  A 

 

2254.0 

 

 

137.56 37.56 C 56.67 B 12.37  B 

LSD 3.61 3.21 NS NS 4.87 2.40 0.75 

Interaction  (Mixed cropping x sowing techniques) 

C1S1(Millet sown alone by 

broad cast) 

54.97   bc 

 
 

184.82NS 2202.3 de 155.29  ab 43.39 bc 47.33 f 9.48  d 

C2S1(Millet+guara sown by 

broad cast) 

47.53    d 

 

196.64 

 

2395.0    ab 150.55abc 58.47 a 59.00 c 11.44  c 

C3S1(Millet+cowpea sown 
by broad cast) 

49.00   cd 188.68 2245.3   cd 
 

133.90 cd 50.66 ab 51.67 e 9.37  d 

C1S2(Millet alone in 30 cm 

rows) 

78.47 a 

 

197.12 

 

2129.0   e 

 
 

163.27 a 45.95 bc 54.33 de 12.91  b 

C2S2(Millet+guara in 30 

cm rows) 

54.60   bc 206.61 2419.0  a 

 

148.12abc 46.71 bc 73.33 a 15.25  a 

C3S2(Millet+cowpea in 30 
cm rows) 

44.10    d 200.80 2245.7    cd 116.18 e 
 

38.26 cd 65.00 b 12.84  b 

C1S3(Millet alone in 45 cm 

rows) 

58.17   b 

 

194.25 

 

 

2187.7  de 142.64 bc 39.21 cd 53.00 de 10.13  d 

C2S3(Millet+guara in 45 

cm rows) 

53.90   bc 200.73 2322.0   bc 146.50abc 39.40 cd 60.33 c 14.11  ab 

C3S3(Millet+cowpea in 45 

cm rows) 

47.33   d 202.84 2252.3    cd 

 

123.55 de 34.05 d 56.67 cd 12.88  b 

LSD 6.27 NS 82.49 16.89 8.39 4.16 1.30 

Any two means not sharing a letter in common differ significantly at P = 0.05 level  
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Maximum plant height (201.33 cm) was recorded where pearl millet + clusterbean 

were sown followed by where pearl millet + cowpea were sown together giving plant height 

of 197.44 cm. Minimum plant height (192.06 cm) was observed where pearl millet was sown 

alone. As for as different sowing techniques were concerned maximum plant height (201.51 

cm) was observed where pearl millet was sown in 30 cm apart rows followed by sown in 

45cm apart rows giving plant height of 199.28 cm both were statistically at par with each 

other. Minimum plant height (190.05 cm) was observed where pearl millet was sown by 

broadcast method. It was evident from above results that there was significant increase in the 

height of millet grown in association with cluster bean and cowpea which indicates the 

permotive effect of legumes on the plant height, thus the plant height of pearl millet was 

maximum when grown with cluster bean in 30 cm apart rows. 

The leaf area is the product of the leaf length and breadth and is influenced by fertility 

status and climatic conditions. Leaves have higher nutritional value than the stem. Among 

various yield contributing parameters leaf area per plant plays a remarkable role in the 

formation of final forage yield per hectare. The main as well as the interactive effect of 

sowing techniques and legumes intercropping on leaf area per plant was significant. 

Maximum leaf area (2419.0 cm
2
) was recorded where pearl millet + cluster bean  were sown 

in 30cm apart rows followed by where pearl millet + cluster bean were sown by broadcast 

method giving leaf area of 2395.0 cm
2
. Minimum leaf area (2129.0 cm

2
) was recorded where 

pearl millet was sown alone in 30cm apart rows.  

Fresh weight per plant plays an imported role to determine the green forage yield. The 

main as well as the interactive effect of sowing techniques and legumes intercropping on fresh 

weight per plant was significant. Data in table 1 show that that maximum fresh weight per 

plant (163.27 g) was recorded where pearl millet was sown alone in 30 cm apart rows. It was 

followed by those where pearl millet was sown alone by broadcast method giving fresh 

weight of 155.29 g. Minimum fresh weight per plant (116.18 g) was recorded where pearl 

millet + cowpea were sown at 30cm apart rows. It was preceded by where pearl millet + 

cowpea were sown in 45cm apart rows giving fresh weight of 123.55 g per plant. 

The effect of sowing techniques and cropping techniques as well as their interactive 

effect on dry weight per plant of pearl millet was significant. Data showed in table 1 that 

maximum dry weight (58.47 g) per plant was recorded where pearl millet + cluster bean were 
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sown by broadcast method and it was followed by where pearl millet + cowpea were sown by 

broadcast method giving dry weight of 50.66 g per plant. Minimum dry weight (34.05 g) was 

recorded where pearl millet + cowpea were sown at 45cm apart rows. These results are in line 

of Ibrahim et al. (2006) and they reported significance differences in dry matter percentage of 

maize when sown alone and in mixture with guara in different seed proportion. 

Green forage yield is influenced greatly by genetic and environmental factors which 

influences plant growth and development and ultimately contributing to final forage yield. 

Data showed in table 1 that main as well as the interactive effect of different sowing 

techniques and legume intercropping on total mixed green forage yield was significant. 

Maximum total green forage yield (73.33 t ha
-1

) was recorded where pearl millet + cluster 

bean were sown in 30cm apart rows followed by where pearl millet + cowpea were sown in 

30cm apart rows giving total green fodder yield of 65.00 t ha
-1

. Minimum total green forage 

yield (47.33 t ha
-1

) was recorded where pearl millet was sown alone by broadcast method. It 

was preceded where pearl millet was sown alone in 45cm apart rows giving total green forage 

yield of 53.00 t ha
-1

. The total forage yield of above treatments showed someone inconsistent 

behavior due to allelopathic effect, competition for resources and suppression or decrease in 

individual yield of component crop. These results are in line with those of Arya et al.(2000) 

who stated that sorghum and cowpea intercropping resulted significantly more green forage 

and dry matter yields of fodder crops than sorghum + guara. These results are also supported 

by Chittapur et al., (1994), Abdullah and Chaudhry (1996) and Tripathy et al., (1997) and 

they reported higher mixed forage yield of maize + legumes than the monocropped maize.  

Dry matter production is basically a measure of photosynthetic efficiency of 

assimilatory system in plants. Data showed in table 1 that sowing techniques and cropping 

techniques as well as their interactive effect on total dry matter yield was significant. 

Maximum dry matter yield (15.25 t ha
-1

) was recorded where pearl millet + cluster bean were 

sown in 30cm apart rows followed by where pearl millet + cluster bean were sown in 45cm 

apart rows giving total dry matter yield of 14.11 t ha
-1

.  Minimum total dry matter yield was 

recorded where pearl millet was sown alone by broadcast method and pearl millet sown alone 

in 45cm apart rows giving total dry matter yield of 9.48 t ha
-1

 and 10.13 t ha
-1

respectively and 

both were statistically at par with each other. These results are supported by Chillaiah and 

Ernest (1994) and they reported that growing of sorghum and pearl millet in mixture with 

legumes produced more fresh and dry weight than their sole crops. These results are 

contradictory with Khot et al. (1992) who found that maize produced more dry matter yield in 
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pure stand than in mixture. This contradiction may be due to differences in soil fertility, 

climatic conditions and crops traits. 

Crude protein contents have a major role in increasing the quality of fodder crops. The 

protein contents of pearl millet are low and it can be improved by sowing pearl millet in 

association with legumes. Data in table 2 showed that sowing techniques, Legume 

intercropping and their interactive effect on crude protein contents was significant.  

 

Table 2: Quality parameters of forage pearl millet sown alone and in association with 

forage legume (cluster bean and cowpea) under different sowing techniques. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
   Any two means not sharing a letter in common differ significantly at P = 0.05 level 

 

 

Maximum crude protein contents (17.98%) were recorded where pearl millet + cluster 

bean were sown in 30 cm apart rows. It was followed by where pearl millet + cowpea were 

Treatments Crude protein 

(%age) 

Crude fibre (%age) Total ash 

(%age) 

C1(Millet alone) 10.74 B 34.45 A 10.47 C 

C2 (Millet+Guara) 16.22  A 31.33 B 16.28 A 

C3(Millet+Cowpea) 16.50  A  31.15 B 15.42 B 

LSD 1.05 0.66 0.75 

S1(Broad cast) 15.22  A 31.86  B 14.27 

S2(30cm in lines) 14.45  AB 32.07  B 13.97 

S3(45cm in lines) 13.80 B 32.99  A 13.92  

LSD 1.05 0.66 NS 

C1S1(Millet sown alone by broad 

cast) 

 11.24  d 34.76  a 11.36  d 

C2S1(Millet+guara sown by broad 

cast) 

 14.04  c 30.60  de 16.82  a 

C3S1(Millet+cowpea sown by 

broad cast) 

16.11  b 30.21  e 14.61  c 

C1S2(Millet alone in 30 cm rows) 10.69  d 33.39  b 10.33  de 

C2S2(Millet+guara in 30 cm rows) 17.98  a 31.20 cde 16.61  ab 

C3S2(Millet+cowpea in 30 cm 

rows) 

16.98 ab 31.58  cd 14.98  c 

C1S3(Millet alone in 45 cm rows) 10.28  d 35.15  a  9.71  e 

C2S3(Millet+guara in 45 cm rows) 16.65  ab 32.18  c 15.40  bc 

C3S3(Millet+cowpea in 45 cm 

rows) 

16.41  ab 31.64  cd 16.67  ab 

LSD 1.81 1.14 1.31 
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sown in 30cm apart rows, pearl millet + cluster bean sown in 45cm apart rows and pearl 

millet + cowpea sown in 45cm apart rows giving crude protein contents of 16.98%, 16.65% 

and 16.41% respectively and these were statistically at par with each other. Minimum crude 

protein contents were observed where pearl millet was sown alone in 45cm apart rows, 30cm 

apart rows and by broadcast method giving crude protein contents 10.28%, 10.69% and 

11.24% respectively these were statistically at par with each other. These results are in line 

with Marchiol et al. (1994) who obtained higher protein contents in intercrop than the pure 

maize. Similarl results were also found by Nigongoni et al. (2007). 

Fiber contents have indirect relationship on the forage quality. The forage having less 

crude fiber percentage is considered to be of good quality because higher the crude fiber, 

lower will be digestibility. The fiber contents are increased with the crop maturity. Data 

showed in table 2 that sowing techniques and legume intercropping and their interactive effect 

on crude fiber was significant. Maximum crude fiber contents were recorded where pearl 

millet sown alone in 45cm apart rows and pearl millet was sown alone by broadcast method 

giving crude fiber contents of 35.15% and 34.76% respectively and both were statistically at 

par with each other. It was followed by where pearl millet sown alone in 30 cm apart rows 

giving crude fiber contents of 33.39%. Minimum crude fiber contents (30.21%) were 

observed where pearl millet + cowpea were sown by broadcast method. These results are 

similar with the results of Ayub et al. (2004) and they reported that sorghum alone produced 

more crude fiber contents as compared to sorghum intercropped with cowpea. 

Data in table 2 shows that the interactive effect of sowing techniques and legume 

intercropping on total ash contents was significant. Maximum ash contents (16.82%) were 

recorded where pearl millet + cluster bean were sown by broadcast method. It was followed 

by where pearl millet + cowpea were sown in 45cm apart rows and pearl millet + clusterbean 

were sown in 30cm apart rows giving total ash contents 16.67% and 16.61% respectively and 

both were statistically at par with each other. Minimum ash contents (9.71%) were recorded 

where pearl millet was sown alone at 45 cm apart rows. These results are similar with the 

results of Ayub et al. (2004) and they reported higher ash percentage for the mixture of 

sorghum and ricebean. 

Economic analysis is the criteria for basic determination of net benefits. It also helps 

the researcher to make the recommendations to the farmers and to plan for further 

investigation. Farmers are more interested in variability in benefits than yields there for net 

field benefit (NFB) was calculated against the variable cost. Economic analysis showed that 
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maximum benefit cost ratio (2.81) was observed where pearl millet + cluster bean were sown 

at 30cm apart rows.  

 

Table 3: Economic analysis 

 

 

 

It was followed by where pearl millet sown alone at 30 cm apart rows giving benefit 

cost ratio of 2.55. Minimum benefit cost ratio (2.02) was observed where pearl millet + 

cowpea were sown by broadcast method.  

 

4. Conclusion  

 

 It is concluded that pearl millet forage must be sown in association with legumes 

forages preferably cluster bean in 30cm apart rows instead of sown alone by broadcast 

method to improve the productivity under agro ecological conditions of Faisalabad. 
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