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ABSTRACT 

A field experiment was conducted during summer seasons of 2006 and 2007 at Bikaner, Rajasthan to find out 
the effect of sole, mixed and intercropping in different row ratios (1:1, 1:2, 2:2 3:2 and 3:3) of pearlmillet 
[Pennisetum glaucum (L.) R.Br. emend. Stuntz] and clusterbean (Cyamopsis tetragonoloba (L.) Taub] on fodder 
productivity and its economics. Green and dry fodder yields of both the component crops, viz. pearlmillet and 
clusterbean, were substantially reduced under intercropping system compared with their sole crop yields. Pooled 
analysis of 2 years showed that intercropping of pearlmillet and clusterbean with a row ratio of 2:2 recorded the 
maximum values of growth parameters, viz. height and number of plants or tillers per unit area, green fodder (59.7 
tlha), dry matter (13.18 tlha), crude protein (1.27 tlha), land-equivalent ratio (1.35), price-equivalent ratio (1.44), 
net returns (Rs 47,300lha) and benefit : cost ratio (3.27) than other intercropping row ratios, mixed cropping and 
sole stands of pearlmillet and clusterbeen. However, maximum aggressivity index (0.66) and relative crowding co- 
efficient (12.37) were obtained with mixed seed sowing of pearlmillet and clusterbean. Thus intercropping system 
of multi-cut fodder pearmillet and clusterbeen in a row ratio of 2:2 may be adopted for higher productivity, better 
quality and profitability in hot arid conditions. 
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Fodder requirement of livestock in hot arid zone of 
Rajasthan is generally met through low-quality crop resi- 
dues and degraded pastures, which are not enough for the 
maintenance of animal health and productivity. In recent 
past, after introduction of Indira Gandhi canal project, 
successful digging of borewells in the area and increased 
population of ruminants in the region, farmers have started 
growing green fodders in different seasons of the year for 
their animals as well as for business purpose. Multi-cut 
fodder pearlmillet [Pennisetum glaucum (L.) R.Br. emend. 
Stuntz.] which is popularly known as bajri, is largely 
sown as a summer fodder crop in the region. But, being an 
exhaustive crop, it puts heavy demand on the soil for nu- 
trients and moisture, as a result the farmers are not able to 
realize its full production potential. Fertilizer application is 
not only a costly affair but allocation of fertilizers to fod- 
der crops is also very less and further the fertilizers are 
almost in short supply during the cropping season. There- 
fore, a need is being felt to search alternative cheaper 
technology to increase the fodder productivity and quality. 
Intercropping of cereals with legumes is an effective ap- 
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proach for boosting production and quality of forage 
crops (Rao and Wdley, 1980), which also enriches the soil 
fertility (Bezbaruah and Thakuria, 1996). Pearlmillet and 
clusterbean [Cyamopsis tetragonoloba (L.) Taub] are the 
potential fodder crops, which can provide good nutrition 
to livestock with higher fodder yields and improved fod- 
der quality, when grown in association. Further, it may 
also be beneficial for improving the fertility status of the 
soil. Intercropping of clusterbean in pearlmillet was found 
more productive and remunerative than pearlmillet + cow- 
pea or greengram (Ram et al., 2005). But the information 
on row proportions of multi-cut fodder pearlmillet and 
clusterbean in intercropping system in hot arid region is 
not available. Therefore, the present investigation was 
undertaken. 

MATERIALS AND METHODS 

The field experiment was laid out for 2 years during 
summer seasons of 2006 and 2007 at the research farm 
of Central Sheep and Wool Research Institute, Arid Re- 
gion Campus, Bikaner. The soil was sandy, low in organic 
C (0.23%), available N (133.7 kglha), and available P 
(8.76 kglha) and medium in available K (134.4 kglha), 
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with pH 8.38 and electrical conductivity 0.57 dS/m. 
There were eight treatments consisting of pearmillet sole, 
clusterbean sole, pearlmillet and clusterbean intercropping 
in row ratios of 1:1,1:2,2:2,3:2,3:3 and mixed seeding of 
pearlmillet and clusterbean in the same row. These were 
evaluated in randomized block design with four replica- 
tions. For mixed sowing, 50% seed rate of each compo- 
nent crop was sown in the same row. But in other treat- 
ments the seed rate was calculated on the basis of row ra- 
tios and the area covered by the component crops. Fod- 
der pearlmillet and clusterbean crops were sown 30 cm 
apart rows with a seed rate of 10  and 35 kglha respec- 
tively. The pearlmillet cv 'Rajko' and clusterbean cv 
'Bundel Guarl' were sown during summer on 7 and 10 
April in the first and second years respectively. The rec- 
ommended fertilizer doses (90 kg N, 17.6 kg P and 33.2 
kg Klha for pearlmillet, and 20 kg N, 26.4 kg P and 33.2 
kg Wha for clusterbean) were applied as per area occu- 
pied by the component crops under different treatments. 
In addition, a uniform dose of dry sheep manure @ 5 tl 
ha was also applied to each plot. Fertilizers @ 20 kg N 
and full doses of P, K and sheep manure were applied at 
sowing and the remaining 70 kg Ntha of pearmillet was 
top-dressed in three splits, viz. 20 kg N/ha at crop stage of 
4 weeks and 25 kg Nlha each after the first and second 
cuts. The crop was raised under irrigated conditions with 
recommended agronomic practices. Total three cuts were 
taken each year, with the first cut at 55 days after sowing 
and the subsequent cuts at 35-40 days intervals. The 
growth data, viz. number of tillers or plantdunit area and 
height and green-fodder yield were recorded at each cut. 
The plant samples were collected from each plot for dry- 
matter contents and estimation of nitrogen for crude-pro- 
tein yield. Chemical analysis for the estimation of N was 
done by Kjeldahl method. The economics was calculated 
on the basis of prevailing market prices of different inputs 
and output. Different crop-competition indices and yield 
advantages were computed as described by Willey (1979) 
and Cheema et al. (1993). Price-equivalent ratio (PER) 
was calculated as: 

where Ym, yield of component crop 'a7 as sole crop; 
Y,,, yield of component crop 'b! as sole crop; Y,,, yield of 
component crop 'a' as intercrop in combination with 'b7; 
Y,,, yield of component crop 'b' as intercrop in combina- 
tion with 'b'; Yap, market price of component crop 'a' pro- 
duce; and Ybp, market price of component crop 'b' pro- 
duce. 

RESULTS AND DISCUSSION . 

Green- and dry-fodder yields 
Number of plants/tillers/m2 and height of plants at dif- 

ferent cut stages of both the component crops showed 
that intercropping of pearlmillet and clusterbean in 2:2 row 
ratio recorded the highest values of above both the traits 
of both component crops except at third cut stage of 
clusterbean, where the plant height was highest with the 
1:1 row ratio (Table 1). The maximum number of plants1 
m2 was recorded with sole clusterbean and this was fol- 
lowed by the row ratio of 1:l of pearlmillet and 
clusterbean. Higher values of growth parameters with 2:2 
and 1 : l  intercropping systems might be due to better uti- 
lization of resources and competition between both the 
component crops for solar radiation, resulting in increased 
height of plantsltillers compared with sole stands. How- 
ever, the plantsltillers of both the component crops were 
thinner in intercropping plots compared with those in sole 
stands. 

Green and dry fodder yields were significantly affected 
by different intercropping row ratios in both the years 
(Table 2). The fodder yields of both the components 
crops were substantially reduced in intercropping system 
compared with their sole stands. This reduction in green- 
and dry-fodder yields of pearlmillet was minimum with 3:2 
ratio intercropping (5.14 and 5.27%) in 2006 and in mixed 
sowing during 2007 (6.88 and 8.28%). It was foltowed by 
mixed sowing and 2:2 ratio intercropping. In clusterbean 
the minimum reduction was observed with 1:2 ratio inter- 
cropping in both the years (45.3 and 46.1% in green fod- 
der and 45.7 and 48.6% in dry-matter yields in 2006 and 
2007 respectively). The reduction in green and dry fodder 
yields of pearlmillet and clusterbean was mainly because 
of reduction in area under crops in the intercropping sys- 
tem. The reduction in pearlmillet yields was not to the sirni- 
lar extent as area reduced under different row ratios of 
intercropping system, which showed positive effect of le- 
gume component to the associated crop of pearlmillet by 
fixation of atmospheric nitrogen and providing better con- 
ditions of root growth. This reduction in fodder yields of 
pearlmillet under different intercropping systems of 
pearlmillet and clusterbean was compensated by contribu- 
tion of both in total fodder yields of the intercropping sys- 
tem. The highest total green and dry fodder yields were 
recorded with 2:2 ratio intercropping of pearlmillet and 
clusterbean in both the years, followed by mixed sowing. 
These yields were significantly higher than intercropping 
in row ratios of 1:2, 3:3 and sole clusterbean in the first 
year and row ratios of 1:2,3:2,3:3 and clusterbean sole 
during the second year, but statistically on a par with rest 
of the treatments. Higher fodder yields under the row ratio 
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of 2:2 of pearlmillet and clusterbean was due to increased 
values of growth parameters, viz. plant height and tiller 
number unit area. This might be owing to the efficient 
utilization of space, light interception and nutrients along 
with the contribution of legume to the cereal component of 
the system. Balyan and Seth (1991) also reported higher 
total productivity of pearlmillet + clusterbean intercrop- 
ping. Chatte rjee and Mandal(1992) also opined that paired 
row planting is advantageous for resource utilization, in- 
creasing productivity and water use efficiency of crops. 
Kumar et al .  (2005) also reported highest fodder yield 
with row ratio of 2:2 in maize + cowpea intercropping 

P system. 
All the intercropping systems including mixed sowing 

recorded LER (land equivalent ratio) values more than 1, 
which showed efficient utilization of land under intercrop- 
ping of pearlmillet and clusterbean compared with sole 
cropping (Table 2). The highest values of LER were ob- 
tained with 2:2 row ratio of pearlmillet and clusterbean, 
followed by 1: l  row ratio. Amongintercropping systems, 
pearlmillet and clusterbean sown at row proportion 3:2 
recorded minimum value of LER, mainly due to the low- 
est yield of clusterbean recorded with this system. In- 
creased value of LER indicates greater biological effi- 
ciency of the system. On mean basis, the difference in 
LER values in different intercropping systems, varied from 
3.85 to 18.40%. Higher LER value with 2:2 row ratio of 
pearlmillet and clusterbean indicating better adaptability of 
the intercropping system and it might be due to better uti- 
lization of natural resources, viz. space, light etc. as well 
as applied inputs by the component crops having different 
characterstics, viz. nutrient requirements, root systems 
and canopy structures. Higher LER was also reported by 
Adhikari et al. (2005) at a row ratio of 2:2 in maize + 
groundnut intercropping system. 

Crude-protein yield 
Nitrogen content in the dry fodder of both the compo- 

nent crops under different treatments did not show any 
special trend and recorded almost similar values, but N . 
content varied at different cuts and recorded maximum at 
the first cut stage and decreased gradually in the second 
and-third cuts of both the crops (Table 3). The difference 
in crude-protein yields recorded under different treatments 
of the intercropping system was found significant. 
Among the intercropping systems, maximum contribution 
of clusterbean to crude protein yield was in 1:2 ratio inter- 
cropping 36.1 and 36.4% in 2006 and 2007 respectively, 
followed by row ratio of 3:3 (31.5%) in 2006 and row ra- 
tio 2:2 (26.2%) in the 2007 year. Maximum crude protein 
yield through clusterbean with row ratio 1:2 was mainly 
because of higher area allocation for legume component 
of the system. The highest total crude protein yield was 
recorded with the treatment 2 2  row ratio of pearlmillet 
and clusterbean, followed by their 1:l row ratio and mixed 
sowing treatment. The total crude protein yield recorded 
with row ratio 2:2 indicated increase of 19.4 and 67.5% in 
the first year and 21.1 and 88.1% in the second year over 
sole stands of pearlmillet and clusterb'ean, respectively. 
The increase in crude protein yield was mainly because of 
variation in the dry matter accumulation of both the com- 
ponent crops. It was noted that more number of 
clusterbean rows in pearlmillet and clusterbean intercrop- 
ping system recorded higher yields of crude protein by 
clusterbean, but under such treatment reduced area under 
pearlmillet brought out lower crude-protein yields of total 
intercropping system. The difference in crude protein , 
yields between intercropping row ratio 1:l and mixed seed 
sowing as well as among row ratios 3:2,1:2 of pearlmillet 
and clusterbean and sole pearlmillet were statistically not 
significant. The minimum crude protein yield was obtained 

Table 1. Growth parameters as influenced by treatment variables (mean data of two years) 

Treatment Height of plants or tillers (cm) No. of plants or tillers/mz 
Pearlmillet Clusterbean Pearlmillet Clusterbean 

I cut I1 cut I11 cut I cut I1 cut 111 cut I cut I1 cut I11 cut I cut I1 cut I11 cut 

Pearlmillet (Pm) sole 
Clusterbean (Cb) sole 
Pm + Cb (1: 1) 
Pm + 'Cb (l:2) 
Pm + 'Cb (2:2) 
Pm + Cb (3:2) 
Pm + Cb (3:3) 
Pm+Cb(mix) 

SEmr 
CD (P=0.05) 

*Number of plants/tiller counted per running m and converted to per m2 



Table 2. Green fodder, dry matter and land-equivalent ratio as influenced by treatment variables m 
P 

Treatment Green-fodder yield (tha) Dry-fodder yield (tha) Land-equivalent ratio 
2006 2007 Pooled 2006 2007 Pooled 2006 2007 Mean 

Pm Cb Total Pm Cb Total Pm Cb Total Pm Cb Total 

Pearlmillet (Pm) sole 58.4 58.4 56.7 56.7 57.5 13.29 13.29 12.32 12.32 12.80 

Clusterbean (Cb) sole 19.0 19.0 17.8 17.8 18.4 4.35 4.35 3.70 3.70 4.02 

Pm + Cb (mix) 53.6 5.6 59.2 52.8 4.3 57.1 58.1 12.17 1.27 13.44 11.30 0.88 12.18 12.80 1.22 1.17 1.19 

'Pable 3. Nitrogen content and crude protein yield as influenced by treatment variables 

Treatment N content in pearlmillet at different cuts (%) N content in clusterbean at different cuts (%) 

f 
Crude protiin yield (tha) 

2006 2007 2006 2007 2006 2007 Pooled 
1st IInd IIIrd 1st IInd IIIrd 1st IInd IIIrd 1st IInd IIIrd Pm Cb Total Pm Cb Total 

Pearlmillet (Pm) sole 1.67 1.22 1.14 1.77 1.31 1.11 1.08 1.08 1.04 1.04 1.06 

Clusterbean (Cb) sole 3.22 ' 2.81 2.60 3.29 2.80 2.58 0.77 0.77 0.67 0.67 0.72 

Pm + Cb (mix) 1.71 1.34 1.22 1.83 1.38 1.23 3.21 2.81 2.51 3.35 2.79 2.39 0.99 0.23 1.22 0.96 0.16 1.12 1.17 

SEm+ 0.05 0.04 0.05 3 
CD (P=0.05) 0.10 0.08 0.09 

"3 
z 
? 
CL 
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with sole clusterbean. Kumar et al. (2005) in maize + 
cowpea at 2:2 row ratio and Singh et al. (2005) in sor- 
ghum + cowpea also reported higher crude protein yields 
under intercropping systems of cereals and legumes 

Competition functions 
The mixed sowing of pearlmillet and clusterbean re- 

corded higher value of aggressivity in both the years than 
other treatments (Table 4). This was followed by inter- 
cropping of pearlmillet and clusterbean at a row ratio 1:1, 
and minimum aggressivity value was recorded with row 
ratio 3:3. The sowing of mixed seed of pearlmillet and 
clusterbean in the same row might have increased the 
competition between the plants of component crops and 
thereby resulted in the increase in dominance power of 
pearmillet and recorded higher value of aggressivity index. 
But large ratio, i.e. 3 rows each of pearlmillet and 
clusterbean in row ratio 3:3, might have decreased the 
competition between both the component crops and low- 
ered the power of dominance of pearlmillet and thus re- 
corded lower values of aggressivity Verma et al. (2005) 
also reported highest value of aggressivity with 1:2 row 
ratio of pigeonpea + sorghum. 

The intercropping systems including mixed sowing re- 
corded more than 1 value of relative crowding coefficient 
(RCC) in both the years. The highest value of RCC was 
recorded with mixed sowing of pearlmillet and 
clusterbean, followed by intercropping at 3:2 row ratio in 
the first year and at 2:2 row ratio during the second year. 
Intercropping of pearlmillet and clusterbean at a row ratio 
3:3 gave the lowest value of RCC. The higher values of 
RCC with the mixed sowing, and intercropping in 3:3 and 
2:2 ratio showed better land utilization efficiency by the 
component crops. It might be due to the beneficial symbi- 
otic effect of legume component to the cereal component, 
which could be able to produce higher quantity of fodder 
and resulted in higher RCC value of the system. Verma et 
al. (2005) also reported higher value of RCC in pigeonpea 

+ sorghum at a row ratio 1:2. 

Economics 
Pearlmillet and clusterbean intercropping system at 

each row ratio as well as in mixed sowing recorded higher 
values of price equivalent ratio (PER) than sole cropping 
of both the component crops (Table 4). Intercropping of 
pearlmillet and clusterbean in 2 : 2 row ratio gave the 
highest values of PER in both the years, followed by their 
1:l row ratio. Mean data of 2 years showed that among 
intercropping systems the differences in PER values 
ranged from 5.11 to 21.0% with minimum 5.11% from 
row ratio 1:l to maximum 21.0% from the row ratio 1:2 
compared with that of row ratio 2:2. The difference in 
PER might be owing to the combined effect of fodder 
yields and selling price of fodders. The higher price of 
legume fodder than that of the cereal resulted in higher 
values of PER. The increased value of PER indicates the 
high remunerativeness of the intercropping system. 

Almost all the intercropping systems had higher net 
returns and benefit : cost (B:C) ratios than sole crops of 
pearlmillet and clusterbean, except treatment pearlmillet + 
clusterbean in a row ratio 1:2 and 3:3 where the values of 
net returns and B:C ratios were lower than that of sole 
pearlmillet (Table 4). Among the intercropping systems, 
intercropping of pearlmillet and clusterbean at a row ratio 
2:2 recorded the highest, net returns and B : C ratio, fol- 
lowed by row ratio 1 : l  and mixed sowing. The minimum 
net returns and B : C ratio were recorded with the sole 
clusterbean. The net returns and B : C ratio with the 
treatment 2:2 row ratio of pearlmillet and clusterbean were 
the results of higher fodder yields and almost similar cost 
of cultivation compared with other intercropping systems, 
as the treatments differed mainly in row arrangements. 
The minimum values of net returns and B : C ratio in sole 
clusterbean may be ascribed to lower quantity of fodder 
produced by clusterbean and comparatively higher cost of 
cultivation due to the costly seed material. Kumar et al. 

Table 4. Competition functions and economics as influenced by treatment variables 

Treatment Aggressivity Relative crowding Price equivalent Cost of Net returns Benefit : 
coefficient ratio cultivation (x103 cost 

2006 2007 2006 2007 2006 2007 (xlO"s/ha) Rs/ha) ratio 

Pearlmillet (Pm) sole 
Clusterbean (Cb) sole 
Pm + Cb (1:l) 
Pm + Cb (l:2) 
Pm + Cb (2:2) 
Pm + Cb (3:2) 
Pm + Cb (3:3) 
Pm + Cb (mix) 

*Rates of green fodders: Rs 1 and Rs 2 k g  pearlmillet and clusterbean respectively; labour wages, Rs 107lmanday 
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(2005) in maize + cowpea in 2:2 row ratio and Singh et 
al. (2005) in sorghum + cowpea also reported higher val- 
ues of gross returns, net returns and B : C ratio. . 

It may be concluded that intercropping of multicut fod- 
der pearlmillet and clusterbean at a row ratio 2:2 was the 
most productive and remunerative intercropping system in 
irrigated conditions of hot arid region of Rajasthan. 
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