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Abstract: This experiment was conducted to evaluate the effects of different seed proportions of Panicum
antidotale and Desmodium uncinatum mixtures on forage biomass yield, compatibility and  the  nutrient
content of the mixed pasture at Jigjiga District, Somali region, Ethiopia. Mixture of P. antidotale and D.
uncinatum seed were planted on different proportion arranged in randomized complete block design where each
treatment was replicated three times with plots size of 4 ×3 m. The treatments were T  (0% P. antidotale + 100%1

D. uncinatum),  T  (25% P. antidotale + 75 % D. uncinatum),  T (50% P. antidotale + 50 % D. uncinatum),2 3

T  (75% P. antidotale + 25 % D. uncinatum) and T  (100% P. antidotale + 0% D. uncinatum). The total dry4 5

matter yield (DMY) of the mixed pasture was highest (P=0.0014) for the dominant seed proportion of the legume.
Intercropping of D. uncinatum with P. antidotale did not enhance (P = 0.07) DMY of the grass   component.
The intercropping of P. antidotale and D. uncinatum at 75% legume during establishment year has yield
advantage 7% more than mono-cropping of individual forage species according to this experiment. P.
antidotale and D. uncinatum intercropping has less favor to the legume than when the land is used for
individual/sole planting. At this establishment phase, D. uncinatum intercropping with P. antidotale did not
result in significant change in the crude protein content of the grass.
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INTRODUCTION Most plants do have their own habitat preferences such

Livestock are important back bone in Ethiopian antidotale, with common name blue panic grass, was
Economy. The country has the largest livestock known as a potential crop for hot and saline regions [3]
population in Africa [1]. Livestock in Ethiopia contribute such as Fafan areas of Sumale regional  states of
considerably to the national economy and the livelihood Ethiopia. However, most grasses in the tropical conditions
of the citizens. This is because about 85% of the have poor nutritive values especially with regard to
population of the country was engaged in agricultural protein content.
farming for their livelihood [1] and oxen are the main Introduction of forage legumes is one of the
sources of traction power. The subsector also contributes strategies for improvement of grassland productivity at
15 to 17% of national gross domestic product (GDP) and low cost. Grass-legume mixtures have long been preferred
35 to 49% of agricultural GDP and 37 to 87% of the over pure-grass forage stands because they often
household incomes [2]. increase the total yields of herbage and protein and offer

In contrary to this, the livestock system in Ethiopia is balanced nutrition [4]. Akinyemi and Onayinka [5]
not free of production challenges. Inadequate nutrition in reported higher live weight gains of animals from grass-
terms of quality and quantity is a major constraint to legume mixtures than from pure grass stands because of
realizing increased ruminant production in the country. better   forage quality. Growing of grass species in mixture

as soil conditions. Accordingly, the grass Panicum
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with legume species is economically feasible to improve Treatments and   Design:   (Pure   D.   Uncinatum;   75%
the quality and quantity of forages for feeding animals. D. Uncinatum: 25% P. Antidotale; 50% D. Uncinatum:
Yields are generally higher in grass-legume mixtures 50% P. Antidotale; 25% D. Uncinatum: 75% P.
because of more efficient light utilization   and   transfer of Antidotale; and Pure P. Antidotale). The seed was mixed
symbiotically fixed  nitrogen   from   legume     to   grasses according to their respective seed proportion treatment
[4, 6, 7]. combinations. The eexperiment was conducted in RCBD

The establishment of grass-legume mixtures has not where each treatment was replicated three times with plots
been much of a success in the tropics [8] due to size 4 m * 3 m.
dominance of the grass component. It was hypothesized
that identification of compatible grass-legume mixtures Data Collection: For DM yield   determination,   two
will help alleviate the problem. Compatible grass-legume middle rows were harvested when the grass component
mixtures are not only important for boosting biomass yield reached 50% flowering  stage   and   the harvested
but also helpful for smallholder farmers where external biomass were then separated into grass and legume
farm inputs like nitrogen fertilizers are limited and components. The fresh weight of each component was
expensive [9]. Moreover, information on yield recorded just after partitioning and the sub-sample of
performance and compatibility of Panicum antidotale and each component species are dried in the forced oven dry
Desmodium uncinatum mixture under different seed rate at a temperature of 100 C for 24 hours, at Jigjiga
proportion is scanty. The objectives of this experiment, University Animal Nutrition Laboratory and then dry
therefore, was to evaluate the effects of different seed matter content of the forages was calculated. The dry
proportions of Panicum antidotale and Desmodium matter yield was then determined by multiplying fresh
uncinatum mixtures on forage biomass yield, compatibility yield (t/ha) by the respective percentage in oven dried
and the nutrient content of the mixed pasture at Jigjiga sub-sample and the plot size was proportionally
District, Somali region, Ethiopia converted to hectare [12] to get per hectare forage yield.

MATERIAL AND METHODS for 24 hours in the same oven and ground to pass 1mm

Description of Study Area: The experiment was
conducted in Jigjiga District, Fafan zone, Somali regional Measurements for Compatibility of the Mixed Pasture
state Ethiopia. Jigjiga District was found between the Land Equivalent Ratio (LER): Biological yield
geographical coordinate 9°35’ North latitude and 42°8’
East longitude. The area receives average annual rainfall
ranging from 300 mm to 1400 mm [10]. It has a bi-modal
rainfall pattern, usually occurring during the months of
March to May and July to October [11]. The average
annual temperature ranges from 18-27.5°C.

Land Preparation and Sowing: The land was cultivated
two times before the onset of rain. Before planting
additional cultivation was done to prepare a fine seed bed.
Urea was applied to all plots as starter fertilizer. Hand
weeding was done as necessary based on close follow up.
The pure stands of each components were also included
for comparison and the base seed rate used for grass
species and legume was 10 kg/ha. The mixed seeds of the
two species are row planted on plots of 4 m x 3 m area at
40 cm inter-row spacing in a randomized complete block
design with three replications in the experiments. Seeds of
Panicum Antidotale are mixed with Desmodium
Uncinatum in a replacement series the seed was purified
and selected to increase germination percentage. 

0

The sample used for chemical analysis was dried at 65°C

sieve sizes.

advantages and species compatibility of the different
binary mixtures were assessed using the land equivalent
ratio (LER) calculated by the equation:

LER = LG + LL (1)

whereas, the value of LG and LL were estimated based on
Mead and Willey [13] equation as follows:

LG = YG /SG   and   LL = YL /SL (2)

where LG and LL are the partial LER values of grass and
legume, YG and YL are their yields in mixtures and SG and
SL are their respective yields in the pure stands. If LERLG

>1, there is yield advantage.

Relative Yield (RY): The relative yield (RY) for grass and
legume were assessed using the equation of De Wit et al.
[14].

RY  = DMY  / DMY    and   RYL = DMY  / DMY (3)G GL GG LG LL
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where: DMY  is dry matter yield of Panicum antidotale Yijk = µ + i + j + ijk (7)GG

(G) as a sole crop, DMY  is dry matter yield ofLL

Desmodium uncinatum (L) as a sole crop, DMY  the dry where, µ=overall mean of the population, i = The 1-5GL

matter yields of any annual grass component (G) grown in
mixture with any annual legume (L) and DMY  is dryLG

matter yield of any annual legume component (L) grown
in mixture with any annual grass (G). Relative yield total
and land equivalent ratio (LER) was calculated according
the formula of De Wit et al. [14]:

RYT = DMY  / DMY  + DMY  / DMY (4)GL GG LG LL

Relative Crowding Coefficient (RCC): This parameter
was calculated to determine the competitive ability of
grass and legume in the mixture to measure the
component that has produced more or less DMY than
expected in annual grass-legume mixture according to De
Wit et al. [14].

RCC  = DMY  / (DMY  – DMY ) andGL GL GG GL

RCC  = (DMY  / DMY ) – DMY (5)GL GL LL GL

where, LG = the sown proportion of legume in
combination with grass, GL = the sown proportion of
grass in combination with legume, RCC  = RelativeGL

crowding coefficient of grass / legume mixture and RCCLG

= Relative crowding coefficient of legume/ grass mixture.
Aggressivity index (AI): The dominance or aggressive
ability of grass against the annual legume in a mixture
were described by calculating aggressivity index (AI) as
indicated by McGilchrist and Trenbath [15]: 

AI  = DMY  / DMY  – DMY  / DMY (6)GL GL GG LG LL

Chemical Composition: DM and ash are determined
following [16]. Neutral detergent fiber (NDF), acid
detergent fiber (ADF) and acid detergent lignin (ADL) are
determined according to Van Soest and Robinson [17].
Hemicelluloses and cellulose are calculated as NDF, ADF
and ADF-ADL, respectively. The N content of the
samples were determined by the micro-Kjedal method and
CP was calculated as N x 6.25. 

Data Analysis: The DM yield, competitive indices and
chemical composition data were subjected to analysis of
variance (ANOVA) using the General Linear Model
Procedure (GLM) of the SAS software [18]. Treatment
means were separated using Tukey's Honestly Significant
Difference (HSD) tests. The following model is fitted to
the data:

th

seed proportions effects, j = the 1-3  block effects andrd

Eijk = random error associated with yij.

RESULTS AND DISCUSSION

Effect of Seed Proportions of the Component Species on
Dry matter Yield: The dry matter yield (DMY) of P.
antidotale and D. uncinatum mixed pastures sown at
different seed proportions of the components species was
indicated in Table 1. The analysis of variance indicated
significant differences (P<0.05) between means of the
legume, D. uncinatum, in the mixed stand and means of
total DMY of the grass-legume mixed pastures whereas
that of the grass, P. antidotale, did not show differences
(P>0.05). The DMY of D. uncinatum increased with
increasing level of its seed proportion in the mixture. The
total DMY of the mixed pasture was highest for the
dominant seed proportion of the legume. This confirms
the fact that intercropping of legume in grass sward
enhances biomass yield compared to the respective
monoculture. Similarly, Aynehband and Behrooz [19]
amended the above fact in their report that maize with
amaranth and maize with mungbean has resulted in higher
forage yield and economic advantages. Jakubowski et al.
[20] also reported that legume addition to perennial grass
swards increases harvested biomass. Accordingly, red
clover addition increased biomass yields in unfertilized
swards to levels equivalent to fertilization with 112 Kg N
ha  and reduced weed cover by 7%. Other researchers-1

[21] have cited, however, the opposite in that they
disclosed that the relative proportion of legumes and
grass at seeding had less influence on long-term forage
availability. They stated that the primary benefit of
legumes in grass mixtures was an improvement in forage
quality through increasing CP, rather than biomass. But
CP of the sward can be increased either through nitrogen
fixing ability of the legume in the mixture or by their
herbage which could be mown together with the grass, in
which case biomass is inevitable to increase at least
figuratively. In this experiment, it has been shown that the
grass-legume mixed system executed using P.antidotale
and D. uncinatum particular species resulted in about
9.6% higher yield than sole legume and 3.2% more DMY
over sole stand P.antidotale grass sward. 

The result in the current study (3.77t/ha) for 75%
legume with 25% grass seed proportions was higher than
that reported by Diriba and Diriba (2013) for P. coloratum
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with S. Guianensis mixtures indicating the fact that
species selection is important in forage biomass
production. The same seed proportion of barley (Grass)
mixed with grasspea (Legume), 25% and 75%,
respectively, has resulted in highest total DMY (5.44 t/ha)
of the pasture [22]. The same report has shown that the
seed proportion in which the barley is dominating has got
inferior total DMY. This could be an attribute of less
proportion of the legume that contributed to lower vigor
performance of the grass in the mixture due to, less
nitrogen supply by the legume. Similar principle must
have applied for the P.antidotale and D. uncinatum in the
current experiment (Table 1). 

Effect of different seed proportions of P.antidotale
and D. uncinatum on Aggressivity Index (AI) of the mixed
pasture was shown in Table 2. The analysis of variance
has shown that there were significant mean differences of
P.antidotale, D.uncinatum and AI. The aggressivity
pattern of the grass component did not follow clear trend.
The 75% and 50% D.uncinatum proportions were
observed to perform aggressively during the
establishment year while the least proportion (25%) of the
legume was less competent. The overall aggressivity
index (AI) was increased with increasing proportion of
P.antidotale in the mixture witnessing the superiority of
the grass component. At early phase or during
establishment year grass-legume competitions are mostly
less aggressive [23]. This means that the competition was
more visible over seasons. During establishment year,
effective nodulation may be limited due to slow root
system development by the legume and hence the grass
component might have not got enough chance of
nitrogen utilization to be more aggressive at this stage.
Other researchers [24] confirmed this fact in their review
that accumulation of early nodulin transcripts is important
for continuous signaling at later stages for progression of
infection and bacterial release and consequently
nodulation will take place.

The effect of different seed proportions on crowding
coefficient of P. antidotale and D. uncinatum mixed
pastures was presented in Table 3. In all cases, including
the total value (K-total), the relative crowding coefficient
was below one. This indicates that intercropping has less
favor to the legume than when the land is used for
individual/sole planting. However, the magnitude of K- D.
uncinatum at 50% and above in the mix has shown better
results than that of the grass. This is an indication of the
fact that seed proportions affect density of plant
population per unit sward. Mehdi et al. [25] findings
amended this  in   their  report  that  the  relative  crowding

Table 1: DMY (t/ha) of P. antidotale and D. uncinatum mixed pastures at
different seed proportions of the components species

Seed proportions P. antidotale D. uncinatum Total
100% DU: 0%PA - - 3.44ab

75% DU:25% PA 1.85 1.92 3.77a a

50% DU:50% PA 1.52 1.57 3.07ab b

25% DU:75% PA 1.50 1.35 3.18b ab

0% DU: 100% PA - - 3.65ab

SEM 0.11 0.07 0.08
P-level 0.07 0.048 0.0014
DMY= dry matter yield; DU= D. uncinatum; PA= P. antidotale; SEM=
standard error of the mean; p=probability 

Table 2: Effect of different seed proportions of P. antidotale and D.
uncinatum on Aggressivity Index (AI) of the mixed pasture 

Seed proportions P.antidotale D. uncinatum AI
75% DU:25% PA 0.25 0.28 -0.027a a b

50% DU:50% PA 0.10 0.34 -0.233b a c

25% DU:75% PA 0.31 0.10  0.207a b a

SEM 0.01 0.02 0.03
P-level 0.0012 0.0018 0.0015
DU= D.uncinatum; PA= P.antidotale; SEM= standard error of the mean;
p=probability; AI= Agressivity Index 

Table 3: Effect of different seed proportions of P. antidotale and D.
uncinatum mixed pasture on crowding coefficient (K) of the
components species

Seed proportions K- P.antidotale K-D. uncinatum K-total
75% DU:25% PA 0.077 0.357 -0.107a a a

50% DU:50% PA -2.287 0.493 -1.133b a b

25% DU:75% PA 0.370 -2.360 -0.877a b b

SEM 0.116 0.156 0.123
P-level 0.0002 0.0003 0.009
DU= D.uncinatum; PA= P.antidotale; SEM= standard error of the mean;
K = crowding coefficient; p=probability 

coefficient of legumes had higher value only at heavier
density level indicating that the species were more
dominant. In this particular case, the ability of the
individual component species to hastily establish
determines their competency and the ultimate relative
crowding coefficient values.

The value of land at different planting strategies can
influence biomass yield of different forage crops and land
equivalent ratio (LER) is one way of evaluating
productivity of a given land when different crops are
planted in mixtures. On the other hand the LER is defined
as the amount of land required under monoculture to
obtain the same dry matter yield as produced in the
intercrop. The LER for P.antidotale and D. uncinatum
mixed pasture at different seed proportions was indicated
in Table 4. The LER for the grass component did not
significantly differ   (p>0.05)   with   seed  proportions.
That means any of the different seed proportion of the
legume used in the current study did not bring significant
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Table 4: Effect of different seed proportions of P. antidotale and D. Table 5: Chemical composition of the legume, D.uncinatum, mixed with
uncinatum on Land Equivalent Ratio (LER) of ratio of the mixed
pasture

Seed proportions P.antidotale D. uncinatum LER-Total

75% DU:25% PA 0.51 0.56 1.07a a

50% DU:50% PA 0.42 0.45 0.87ab b

25% DU:75% PA 0.41 0.39 0.80b b

SEM 0.022 0.033 0.022
P-level 0.061 0.049 0.003

DU= D. uncinatum; PA= P.antidotale; SEM= standard error of the mean;
LER= land equivalent ratio; p=probability 

yield advantage than the monoculture of the grass
component. However, the LER for the legume significantly
increased (P<0.05) with increase in its seed proportion. At
the maximum seed proportion of the legume the LER value
more than one was achieved for the mixed stand. This
shows that intercropping of P.antidotale and D.
uncinatum at 75% legume during establishment year has
yield advantage 7% more than mono-cropping of
individual forage species according to this experiment.
This indicates that 7% more area would be required for a
sole cropped P.antidotale to balance the yield from an
intercropping system. Cinar et al. [26] confirmed this
situation in their report that the mixture of Bermuda grass,
Rhodes grass and alfalfa mixed pasture resulted in the
highest value of land equivalent ratio (LER). In addition,
Diriba and Diriba [23] have reported increased LER values
when P. coloratum was intercropped with D.uncinatum
at equal, 50% each, seed proportion of the component
species than the sole grass. Beside improvement of
nutritive value of the pasture, it is therefore, advisable to
use legumes intercropped in grass sward during the
current situations of land scarcity and encroached grazing
lands in most parts of sub Saharan Africa. 

Biomass yield of forage crops simply quantitative
way of forage evaluation. However, their potential in
providing important nutrient is one of criteria for feed
crops nutritive value evaluation. The later (Nutrient
content) is an indicator of forages quality. As one of
indicators of forage quality, the chemical composition of
D. uncinatum grown with P. antidotale in mixed pasture
form was presented in Table 6. The different seed
proportion of D. uncinatum grown with P. antidotale
grass did not result in significant difference (P>0.05) in
mean chemical composition of the component species for
all treatments except NDF. This shows that seed
proportions has no effect on nutritive value of   the
legume component. This may be an attribute of using
seeds of the same D. uncinatum variety across all seed
proportions mixed with the grass. Other   researchers   [27]

P.antidotale as affected by seed proportion of the component
species

Seed proportions DM% Ash% CP% NDF% ADF% ADL%
100% DU:0% PA 92.48 14.43 20.53 42.02 35.62 10.52ab

75% DU:25% PA 91.50 13.55 19.44 43.22 35.31 10.61b

50% DU:50% PA 92.75 13.05 18.57 45.01 36. 43 10.99a

25% DU:75% PA 91.50 13.12 14.92 43.75 35.83 10.88ab

0% DU:100% PA --- -- -- -- -- --
SEM 0.34 0.35 1.59 0.64 0.20 0.68
P-level 0.079 0.104 0.173 0.077 0.037 0.953
DM= dry matter; CP= crude protein; NDF= neutral detergent fiber; ADF=
acid detergent fiber; ADL= acid detergent lignin; SEM= standard error of the
mean

have confirmed this fact in their report in that D. intortum
has significantly higher crude protein values (24.4%) than
D. uncinatum (21.6%). In this regards, all the seeds has
got equal chance of being assigned to each plot of land
which did not brig difference in utilization of soil
resources and hence no variation observed on chemical
composition of the legume at different seeding
approaches.

The reason for the highest NDF value at equal seed
proportion of the mixed components was unclear.
However, the composition of NDF for all seed proportions
was less than 45% and forages with NDF value less than
45% was generally categorized as high quality [28]. This
means all the levels of NDF in the D.uncinum under
present study was not at a level that hamper animal intake.

The chemical composition of the grass, P.antidotale,
grown with D.uncinatum at different seed proportion was
given in Table 6. Any of the seed proportions used in this
experiment did not bring significant change (P>0.05) on
percent of DM, ash, CP, NDF, ADF and ADL content of
the grass P.antidotale separately analyzed from the
legume herbage. The fact that legumes improve CP
content of grasses in the mixture was not amended in the
current study. Only slightly increase in figure of CP was
observed. The present CP value for the grass grown in
D.uncinatum mixed pasture was comparable with sole
grown P.antidotale [3]. This shows that there could be
situations where the sole grass stand alone could provide
similar CP values as in the current mixed pasture
confirming that the legume component did not add
effective amount of N to the soil. We suggest two reasons
in this case. Since the result presented was for the
establishment year, one season may not be enough for
D.uncinatum for efficient nodulation and nitrogen fixation
so that the grass P.antidotale could have utilized. On the
other hand a researcher [29] reported that the availability
of  moisture  was  the most important environmental factor
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Table 6: Chemical composition of the grass, P. antidotale, grown with D.
uncinatum as affected by seed proportion of the component species

Seed proportions DM% Ash% CP% NDF% ADF% ADL%
100% DU:0% PA - - - - - -
75% DU:25% PA 92.49 10.02 9.83 62.41 29.15 8.79
50% DU:50% PA 92.43 10.28 8.86 62.69 29.61 8.05
25% DU:75% PA 92.03 10.69 9.78 60.59 30.53 8.15
0% DU:100% PA 92.25 10.39 8.68 60.38 29.85 7.50
SEM 0.537 0.409 0.704 0.912 0.943 0.451
P-level 0.927 0.722 0.569 0.259 0.774 0.339
DM= dry matter; CP= crude protein; NDF= neutral detergent fiber; ADF=
acid detergent fiber; ADL= acid detergent lignin; SEM= standard error of the
mean

affecting plant growth especially in pastoral regions.
Therefore the second argument may be that the arid
environment of Jigjiga area may impose low moisture to
the soil and this might not supported fast growth of the
legume for more nodulation and nitrogen fixation so that
the effect of seed proportions could have been manifested
through growth. Coskan et al. [30] also confirmed in their
report that soil moisture content and ambient
temperatures are the most effective factors affecting
biological nitrogen fixation. The attempt of using such D
uncinatum with P.antidotale mixed pasture within a short
establishment period, may not support legumes root
nodulation and grass CP content not improved. We
therefore, suggest the trial to be done for consecutive
seasons.

CONCLUSION

The total dry matter yield (DMY) of the mixed pasture
was highest for the dominant seed proportion of the
legume. Intercropping of D. uncinatum with P. antidotale
did not enhance DMY of the grass component. The
intercropping of P. antidotale and D. uncinatum at 75%
legume during establishment year has yield  advantage
7%  more than mono-cropping of individual forage
species according to this experiment. P. antidotale  and
D. uncinatum intercropping has less favor to the legume
than when the land is used for individual/sole  planting.
At this establishment phase, D. uncinatum intercropping
with P. antidotale did not result in significant change in
the CP content of the grass.
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