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ABSTRACT
Growth and development of huge livestock population of Kachchh is dependent on availability of quality fodder. The
quality fodder shortage can be partially met out by cultivating grasses-legumes in intercropping systems. Therefore, this
study with the aim of identifying best grass-legume intercropping system for enhanced quality fodder production was
undertaken in randomized complete block design with three replications at Bhuj Gujarat, India. Dicanthium annulatum in
combination of Clitoria ternatia and Stylosanthes hamata recorded 8096 and 8040 kg ha-1 fresh herbage and 4665 and
4622 kg ha-1 dry matter yield, respectively. Further, Dicanthium annulatum+Clitoria ternatia and Dicanthium
annulatum+Stylosanthes hamata resulted significantly maximum crude protein yield, 685 and 668 kg ha-1, respectively
over rest of the treatments. Thus, it may be concluded that  Dicanthium annulatum (DA) grass based intercropping systems
are the best grass-legume intercropping system for enhanced quality fodder production for the arid condition of the Kachchh
for overall development of livestock sector.
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INTRODUCTION

The fodder production and utilization is dependent
upon the cropping pattern, climate, socio-economic
conditions and type of livestock. The three major sources
considered for fodder supply are crop residues, cultivated
fodder and fodder from common property resources like
forests, permanent pastures and grazing lands. Currently,
these sources of fodder supply are not available in adequate
quantities to meet the demand of fodder to feed the existing
livestock as crop residues being used as fuel, intensification
of cropping systems not allowing to grow fodder crops and
common property lands being encroached for different uses
which further widen the fodder scarcity. Presently, India faces
a net deficit of 61.1% green fodder and 21.9% dry crop
residues (ICAR, 2012). This situation is further aggravated
due to increasing growth of livestock particularly that of
genetically upgraded animals which adds grazing pressure
on land and fodder resources. The regional fodder deficits
are more important than the national deficit as it is not
economical to transport the fodder resources over long
distances.

In Kachchh arid eco-system, situated in the western
part of India, livestock rearing is the main occupation and
only source of cash income for subsistence farms, which
also serves as insurance in the event of crop failure (Ram et
al., 2013). The region has a livestock population of 17.07
lakh greater than human pupation of 15.26 lakh which is a

unique feature of the region, and therefore, it has a broader
scope to develop the livestock sector of this region by
providing enhanced quality fodder.

Generally, an adult cattle unit (ACU) requires 3-4
ha of good grassland to meet its year-long grazing
requirement. The adult livestock population in the Kachchh,
i.e 9.09 lakh ACU, requires a minimum of 23.22x106 tonnes
of fodder every year (GIDE, 2004). Looking at the current
fodder availability of 4.92x106 tonnes from existing
grasslands and crop residues in the area, there remains an
annual deficit of 79 % fodder sources. Moreover, the quality
of the available fodder resources is also poor due to
deficiency of protein, available energy and minerals (Ram
et al., 2013). Hence, availability of good quality fodder in
adequate quantity is of primary importance for livestock
development in the region, and there is a need to increase
the good quality fodder production from every hectare area
in arid lands of Kachchh.

The grass-legume intercropping, a low input-cost
agriculture production system may be a good option for this
fragile arid eco-system to increase good quality fodder
production without adding any burden of additional input
cost on resource-poor farmers of the region, as grasses-
legumes intercropping are owing many advantages over
monocultures of either grasses or legumes (Haynes, 1980).
The grass-legume intercropping improves the quality of
produce in resource limited conditions, especially in arid
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and semi-arid environments (Sadeghpour et al., 2013).  The
yields are always higher in mixtures of grass and legume
because of more efficient resource utilization (Koc et al.,
2013), allopathic effects (Pudnam and Duke, 1978), and
transfer of symbiotically nitrogen to grasses (Giambalvo, et
al., 2011). Moreover, dry matter production is more balanced
(Giambalvo, et al., 2011; Koc et al. 2013) in grass-legume
intercropping as grasses are more productive in spring and
legumes are productive mostly in summer (Mooso and
Wedin, 1990). The more erected leaves of grasses versus
more horizontal spread of legumes reduce any inter-species
plant competition (Mooso and Wedin, 1990). Therefore,
looking into the problems and constraints of the region, and
findings of earlier researchers as cited above, experiments
on grasses-legumes intercropping with the objectives to
identify most productive grass-legume intercropping system
and quality fodder were undertaken.
MATERIALS AND METHODS
Description of study area: Field experiments were
undertaken under the arid conditions at research farm of
ICAR-Central Arid Zone Research Institute (CAZRI),
Regional Research Station (RRS), Kukma, Bhuj, Gujarat,
India, located at 22041’11" to 24041’47" N latitude and
6809’46" to 71054’47" E longitude and 350 meter above
mean sea level. Total annual rainfall in the study area was
recorded 291.9 and 229.2 mm in years 2013 and 2014,
respectively. The soil sampling from experiment field from
superficial layer (0-15 cm) was done with core sampler
before conducting the field experiment, and the soil analysis
was done by adopting standard procedures in laboratory. The
analyzed data recorded available nitrogen (214 kg ha-1),
phosphorus (7 kg ha-1), potassium (138.3 kg ha-1) and pH
(8.8). Soil analysis indicated gravelly sand to loamy sand
soil texture with low organic carbon (0.4%).
Experimental details: Four grasses viz., Cenchrus setigerus
(CS), Cenchrus ciliaris (CC), Dicanthium annulatum (DA)
and Sporobolus marginatus (SM) and 2 legumes viz., Clitoria
ternatia (CT) and Stysanthes hamata (SH) as sole and 8
treatments as their intercropping systems with total 14
treatment combinations were evaluated in randomized
complete block design with three replications during the
kharif season of 2013 and 2014. The grasses seed, after
receiving first rain of the monsoon season in the month of
July, were sown in nursery for raising seedlings, while the
legumes seeds were directly sown to the prepared plots in
field as per treatments and research plan on same day when
grasses were sown in the nursery. The grass seedlings of 35
days old were transplanted in prepared experimental plots
with 2 seedlings per hill. One light irrigation was immediately
applied to grasses after transplanting in the experimental
field. The subsequent water requirement of legumes and
grasses was completely met from rainfall. A total of 15 rows
per plot, 5 meter long, of grasses or legumes with 50 cm row

to row and 30 cm plant to plant distance were maintained in
sole treatments while in intercropping treatments 5 middle
rows were replaced with legumes to maintain 2:1 grass-
legume row ratio as strip-cropping. The individual plot area
was 37.5 m2 (7.5 mx5 m) with 0.50 m and 2 m gap between
plot and replication, respectively for proper monitoring of
experimental field. The crops were grown by following
standard agronomic practices and also need-based cultural
operations were undertaken to keep experiment in vigorous
condition.
Plant sampling procedures and analysis: For recording
the biometrical observations, 5 vigorous random plants in
each sole plots and 10 (5 grasses and 5 legumes) plants in
intercropping plots were selected and tagged. The biometrical
observations namely plant height, number of tillers or
branches per plant, leaf-stem (L: S) ratio were recorded for
the selected five plants by following the standard procedures
at flowering stage. The grass-legume crops were harvested,
leaving one row each side and 0.5 meter row length at both
sides of plot to avoid side effects on crops, and fresh herbage
and dry matter yields were recorded. The harvested biomass
was immediately weighed with balance to record fresh
herbage yield, however, dry matter yield was determined
after drying at 78 0C for 24 hr by following procedures
explained by Jones (1981). The plants left standing in the
field, after harvesting of crops for recording fresh yield, were
harvested and used as per treatments for analyzing of fodder
quality parameters. The crude protein and crude fiber content
was estimated according to procedure of AOAC (1995). Ash
was determined by heating at 550

o
C for 8 hours in a muffle

furnace and Ca content was measured according to methods
of Okalebo et al. (2002).  The land equivalent ratio (LER)
was calculated by the following equation (Willey, 1979);
LER = Yab/Yaa+Yba/Ybb;  (i)
Where, Yab is the yield of species a in association with species
b and Yba is the yield of species b in the association with
species a, Yaa and Ybb represents the pure stand- yield of
species a and b, respectively.

The statistical analysis of data was done using
analysis of variance (Gomez and Gomez, 1984).
RESULTS AND DISCUSSION
Growth parameters: Among the sole treatments of four
grasses and two legumes, Dicanthium annulatum (DA) grass
and Cltoria ternatia (CT) legume recorded the maximum
plant height of 134 and 103.7 cm, respectively (Tables 1
and 2), while the minimum plant height, i.e 101.7 and 58.3
cm was observed for Cenchrus ciliaris (CC) grass and
Stylosanthes hamata (SH) legume, respectively. Among the
intercropping treatments, the DA resulted in maximum plant
height of 136.7 and 140 cm in combination with CT and
SH, respectively. It was also revealed from the experimental
results that all grasses except DA performed better with
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respect to plant height when grown in combination of CT in
comparison to SH (Table 1). This may be due to trailing
type structure of plant canopy for CT, which gives congenial
environment and sufficient space for good growth of grasses.

With respect to number of tillers/plant (grasses) or
number of branches/plant (legumes), DA recorded the
maximum number of tillers/plant, i.e 54 and 70 in sole and
intercropping with SH, respectively over rest of the
treatments. The second best treatment was found to be
Cenchrus setigerus (CS), which recorded number of tillers/
plant as 35, which was 19 short of the best treatment. The
L:S ratio, important parameter for fodder quality, always
recorded more than 1, 1.16, 1.14, 1.06, 1.27 and 1.12 of
sole and intercropping with CC, CS, DA and Sporobolus
marginatus (SM), respectively (Table 2), for CT among
experimental crops. Although, significant difference for the

growth parameters viz. plant height, number of tillers/plant
and L:S ratio could not be recorded among treatments. These
findings are in agreement with Ram (2009).
Yield parameters: It is seen from Table 3 that fresh herbage
yields significantly (p=0.05) varied amongst the treatments.
Among the sole treatments, the maximum fresh herbage
yield, i.e. 6669 kg ha-1 was recorded for DA followed by CC
(4859 kg ha-1). On the other side, SM is adjudged as the
lowest yielder among the sole treatments with 3852 kg ha-1

fresh herbage yield, which is 73.13 and 26.14 % less than
that of DA and CC, respectively. Furthermore, DA as
intercropping treatment with CT and SH recorded the
maximum yield of 8096 and 8040 kg ha-1, respectively, over
rest of the intercropping treatments. The intercropping
treatments of SM+SH resulted the lowest yield of 5999 kg
ha-1, which is 34.95 and 34.02 % lower than that of

Table 2: Performance of legumes with respect to growth parameters in sole and intercropping system

Treatment Plant height (cm) Tillers per plant L-S ratio
Clitoria ternatia 103.7 12 1.16
Clitoria ternatia +Cenchrus ciliaris 100.3 17 1.14
Clitoria ternatia +Cenchrus setigerus 105.3 15 1.06
Clitoria ternatia +Dicanthium annulatum 109.7 14 1.27
Clitoria ternatia +Sporobolus marginatus 106 17 1.12
CD (p=0.05) NS NS NS
SE (m) 6.69 2.18 0.09
Stylosanthes hamata 58.3 40 0.81
Stylosanthes hamata+Cenchrus ciliaris 56 17 0.81
Stylosanthes hamata+Cenchrus setigerus 65 17 0.72
Stylosanthes hamata+Dicanthium annulatum 77.7 27 0.79
Stylosanthes hamata+Sporobolus marginatus 72.7 30 0.71
CD (p=0.05) NS NS NS
SE (m) 8.57 9.33 0.07
NS-Not significant; CD-Critical difference; SE-Standard error

Table 1: Performance of grasses with respect to growth parameters in sole and intercropping system
Treatment Plant height (cm) Tillers per plant L-S ratio
Cenchrus ciliaris 101.7 30 0.91
Cenchrus ciliaris+Clitoria ternatia 100.3 31 1.01
Cenchrus ciliaris+Stylosanthes hamata 91 27 0.99
CD (p=0.05) NS NS NS
SE (m) 3.94 4.8 0.08
Cenchrus setigerus 106 35 0.96
Cenchrus setigerus+Clitoria ternatia 119.7 42 0.80
Cenchrus setigerus+Stylosanthes hamata 99.7 42 0.84
CD (p=0.05) NS NS NS
SE (m) 4.36 8.1 0.10
Dicanthium annulatum 134 54 0.71
Dicanthium annulatum+Clitoria ternatia 136.7 65 0.63
Dicanthium annulatum+Stylosanthes hamata 140 70 0.55
CD (p=0.05) NS NS NS
SE (m) 8.83 13.75 0.08
Sporobolus marginatus 103.3 32 0.95
Sporobolus marginatus+Clitoria ternatia 102.7 41 0.98
Sporobolus marginatus+Stylosanthes hamata 95.7 34 0.95
CD (p=0.05) NS NS NS
SE (m) 3.26 7.60 0.03
NS-Not significant; CD-Critical difference; SE-Standard error
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intercropping treatments of DA+ CT and DA+ SH,
respectively. The results also revealed that intercropping
treatments always performed better with respect to fresh
herbage yield than sole cropping. This may be due to better
utilization of space between plants and more enhanced
interception of light (Giambalv, et al., 2011; Kusvuran et
al., 2014), symbiotically fixed nutrients especially nitrogen
(Whitehead, 1995) and moisture in intercropping than sole
system, which provides congenial environment to both the
crops for growth and development.

Similar to fresh herbage yield, the dry matter yield
was also the highest for DA grass in sole (4057 kg ha-1)
treatment and intercropping with CT (4665 kg ha-1), which
was 117.4 and 68.3 % higher than the lowest dry matter
yielding sole treatment of SH (1866 kg ha -1) and
intercropping treatment of SM+CT (2772 kg ha -1),
respectively. Similar research findings indicating higher
fresh and dry matter yields in intercropping treatments
in comparison to that in sole cropping system are also
reported in literature (Ram, 2008; Ram, 2009; Sandersan et
al., 2013; Ullah et al., 2015). Values of LER are obtained
more than 1 in all the intercropping treatments indicating
advantages of grass-legume intercropping in terms of higher
crop productivity per unit area or land use efficiency over
the sole treatments. The maximum and minimum values of
LER, among the intercropping treatments were recorded for
CS+ SH (1.78) and SM+CT (1.22), respectively. The land
use efficiency was also recorded high in case of intercropping
compare to sole cropping systems in literature (Ram, 2009;
Yang et al., 2011; Gao et al., 2014).
Fodder quality parameters: The significant difference
at p=0.05 for the crude protein content was recorded
(Table 3), among two legumes as sole treatments, CT
yields 19.90 % crude protein, which is 4.12 % higher than
SH. However, among the sole treatments of grasses, CC
with 6.81 % yields maximum crude protein which was
more or less similar to protein content of remaining
treatments. In intercropping treatments, CT legume was
found advantageous over SH for all combinations of grasses
yielding relatively high crude protein content. It can be seen
from the Table 3 that the maximum and minimum per cent
crude protein was obtained for the mixture of SM + CT
(17.82 %) and CC + SH (11.08 %), respectively.
Furthermore, it was seen that DA grass in combination with
CT and SH legumes contains 685 and 668 kg ha-1 crude
protein yield, which was significantly higher than that for
the other grasses in intercropping treatments. This may be
attributed to relatively high dry matter yield of DA in
intercropping treatments with legumes. These findings are
in line with those reported by others researchers for
different climatic conditions (Sengul, 2003; Ram, 2008;
Ram, 2009) with more nutrient balanced fodder (Giambalvo
et al., 2011). The fiber content is considered as a strong Ta
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predictor of fodder quality, since it is the poorly-digested in
the cell wall (Mut et al., 2015). The crude fiber content
among the treatments varied from 25.43-33.91 without any
significant difference (p=0.05). The ash content was found
to be higher in grasses as compared to legumes, however, it
did not show significant difference. With respect to Ca per
cent, being the bones strengthening mineral, as the most
important fodder quality parameter, leguminous fodder crops

viz., CT (0.55 %) and SH (0.73%) found to be having more
calcium than grasses, CC (0.17 %), CS (0.13%), DA (0.14%)
and SM (0.18 %). The maximum and minimum values of
per cent calcium were obtained for the sole treatments of
SH (0.73 %) and CS (0.13 %), respectively. However, among
intercropping treatment, the calcium content was found the
highest in CC+CT treatment (0.66 %) followed by DA+SH
treatment (0.59 %,).
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