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ABSTRACT

The dry land zones of Africa sorghum production are seriously constrained by Striga. Despite the numerous ways of Striga
control available, sorghum production in North Gondar, Ethiopia is below its potential. A research at Gondar Agricultural
Research Center in 2017-2018 was done to evaluate different legumes in sorghum for S. hermonthica control and inter-cropping
on system productivity. Four legumes (soybean, haricot bean, mung bean, and cowpea), along with their sole and sole sorghum
was laid in RCB design with three replications. Striga count and dry matter, Sorghum yield, and its components were highly
significantly (P < 0.01) affected: Striga count and dry matter in sole sorghum and sorghum/cowpea were (314.65, 83.38gms)
and (91.1, 31.31gms), respectively, grain yield of sole sorghum and sorghum/cowpea was statistically at par 4.34t and 3.39t
ha -1, respectively. Significantly greater mean LER, 1.45, and 1.34 was in, sorghum/cowpea and sorghum/soybean, respectively.
The highest mean GMV and MAI at LER (1.46) were 89,352 and 27,826, respectively were in sorghum/cowpea intercropping.
This result indicates intercropping sorghum with legume crops gave high yield advantage and land productivity. The present
investigation revealed that cowpea is the best legume for striga management in sorghum and can be recommended for the area. 
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Background
In semi-arid tropics sorghum is a major staple diet.

Globally it ranks as fifth important cereal. Its adaptation
to adverse environmental conditions has made sorghum
a popular crop worldwide. In Ethiopia, it is one of the
most important staple food crops for most rural
communities and plays a significant role for millions of
poor Ethiopians (Adngna, 2007) and grows in a wide
range of agro-climatic zones, especially in the lowlands.
In hectarage and production, it is the fourth primary
staple food crop in Ethiopia (CSA, 2016). Sorghum is
cultivated in almost all areas of the country and covers
a total land area of 1.6 million ha (CSA, 2016). The
productivity compared to that of several other African
countries is low (<1.35 ton h-1) in Ethiopia FAOSTAT
(2016). Low productivity of sorghum in Ethiopia is due
to several abiotic and biotic stresses, as (Wastmann et
al., 2006) among many constraints limiting the
productivity in the country, Striga infestation is
important.

Sorghum cropping is the most suitable choice for
farmers in northern, northwestern, and western parts of
the country where Striga causes serious yield
reductions[5]. The losses by Striga weed in most areas
can be 30 to 100 per cent [6], and low soil fertility often
aggravates the problem. Striga infestation at a tolerable

level in subsistence African agriculture were kept at a
tolerable level through, crop rotation, long term fallow
and intercropping. Striga seeds need crop exudates
stimulation to germinate and infest the host crop.  When
the Striga seed increased from time to time it will
increase the reduction of yields [7].

Intercropping of cereal with legume is a most
common cropping system in Sub-Sahara African
countries where it is used for maximizing the use of
limited farmlands, food security, and improving soil
fertility. Low-cost method for depletion of Striga seed
bank is incorporation of legume trap crops, like
Desmodium, cowpea, and soybeans have been found to
release exudates that induce germination of Striga but
are themselves not parasitized [8]. The Striga seed bank
reduction and soil fertility improvement and livelihood
of farmers can be addressed when legumes are included
in the cropping systems. Besides, preliminary works
show that some soybean accessions induce S.
hermonthica germination[9]. Maize/soybean gives
good yield, with lower Striga infestation [10]. Less
Striga number in net plot areas is observed when
sorghum is intercropped with cowpea [8]. Fasil and
Verkleij [11] indicated higher Striga count in sole
sorghum than sole soybean, sole cowpea, and sole
haricot bean. 
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Sorghum production in Ethiopia and In North-
Western Ethiopia is below its potential. Low soil fertility,
and pest damages are the major factors that account for
low yield in North Gondar. Infestation of Striga in
sorghum fields of North Gondar Zone in northwest
Ethiopia is so severe.  The most severe constriction of
cereal production is Striga in sub-Saharan Africa and
the research area, which is aggravated with depletion
of soil fertility[12].  Poor soil condition, intensification
of land-use through repeated farming and an increase
in cereal production are the causes for the prevalence
of Striga[13]. This problem is also common in Metema
and Sanja, which are the most sorghum producing areas
of North Gondar. Sorghum farmers in the study area
are seriously suffered from low sorghum productivity
that is mainly caused by Striga infestation and poor soil
condition. North Gondar takes the highest share, 34.04%
sorghum area coverage of Amhara region CSA[2]. The
average productivity of sorghum in Ethiopia is <1.35
tons h-1, ranking it fifth in Africa. 

The management of farmers in the use of agricultural
inputs: fertilizer and legume intercropping are almost
non-existent because of the escalating fertilizer costs
and lack of information on legumes inclusion in the
cropping system. Solving the Striga problem to achieve
sustainable food production with affordable
technologies for farmers is crucial. Neither farmer use
appropriate legumes in intercropped for
managing Striga infestation and increase their sorghum
productivity, nor have research and extension
interventions well addressed this critical constraint for
limiting sorghum productivity and production.
Therefore, the effect of different legumes (Soybean,
Haricot bean, Mung bean, and Cowpea) intercropping
with sorghum for Striga infestation management and
increasing sorghum production and productivity in
northwest Ethiopia was investigated.

MATERIALS AND METHODS
A field experiment was conducted in the 2017/2018

main cropping season at Metema and Sanja Research
Stations of Gondar Agricultural Research Centre in
Metema and Tach Armachiho districts, respectively, in
North Gondar Zone, northwest Ethiopia. The map of
the study sites is presented in Fig. 1. 

The field experiment was conducted at Metema and
Sanja areas of Gondar Agricultural Research Institute
from June- September 2017/18 in the main cropping
season. Metema and Sanja Districts are located in West
and North Gondar Zone, respectively of Amhara
Regional State, Ethiopia. Metema has latitude, longitude
and elevation of 12°4738N, 36°2341E and 760 m
above sea level, respectively. Whereas, Sanja site is
located at 13019.6N latitude and 36044.6 E longitudes

with an altitude of 550 - 1550m above sea level. The
climate of Metema and Sanja experimental sites is warm
sub-humid with a mean annual rainfall of 898.77mm
and 850mm, respectively. The average maximum and
minimum temperatures of the Metema site are 32.60C
and 20.10C, while the Sanja site is 350C and 190C,
respectively. At both experimental sites, the daily
temperature is high from March to May. The topography
of both the experimental sites was almost flat with a
2-5% slope. 

Soil analysis
Based on particle size distribution, the soil in the

experimental site is clay (Table 7). The results of the
analysis showed that the soil was dominated by clay
43.28 at Metema and 44% Sanja. High clay content
might indicate better water and nutrient holding capacity
of the soil in the experimental site. The soil pH value of
the experimental site as described in Table 7 was 6.81at
Metema and 6.75 at Sanja. USDANRCS [14]
categorized soil pH values (6.6 – 7.3), as neutral. In
view of this, soils in the study area had neutral pH. Thus,
the pH of the experimental soil was within the range of
productive soils (5.5 – 8.5) for sorghum.

Experimental treatments, design, and procedures
The experimental design used in this study was a

randomized complete block design with three
replications and nine treatments as follows: sole
cropping of sorghum, sole cropping of mung bean, sole
cropping of soybean, sole cropping of haricot bean, sole
cropping of cowpea, and four sorghum: mungbean,
sorghum: soybean, sorghum: haricot bean and sorghum:
cowpea intercropping pattern. Sorghum variety local
‘Deber’, soybean variety ‘Afgat’, haricot bean ‘Nasser’,
mung bean ‘Rasa’ and cowpea variety White wonder,
were used for the study. 

Thus, there were nine treatments as below:
 T1= Sorghum + Soybean (1:1) planted

simultaneously
 T2= Sorghum + Haricot bean (1:1) planted

simultaneously
T3= Sorghum + Mung bean (1:2) planted

simultaneously
T4= Sorghum + Cowpea (1:1) planted

simultaneously
 T5= Sole Sorghum 
 T6= Sole Mung bean
 T7= Sole Haricot bean
 T8= Sole Soybean 
T9= Sole Cowpea
The experiment was conducted on a hot spot field

that has been under natural Striga infestation for the last
several years. The gross plot size was 3.5m×3.0m
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(10.5m2) with the net plot area of 2m*2.4m (4.8m2). The
adjacent plots and blocks were separated with 1.0m and
1.5m wide paths, respectively. The land was ploughed,
disked, and harrowed by traditional oxen plow before
planting. Planting of sorghum, soybeans, haricot bean,
mung bean, and cowpea was done at 75 x 30 cm, 60 x 5
cm, 40 x 10 cm, 30 x 5 cm, and 60 x 25 cm between row
and plant spacing, respectively. Thinning was carried
out according to the recommended population and
spacing for all crops. Except for Striga, the experimental
plots were kept free from other weeds manually. Beyond
the treatments, all other agronomic practices were
applied to the experimental plots equally as per their
respective recommendations used for sorghum and
legumes in the study area. 

Striga and crop data collection
Striga count and dry matter were noted at sorghum

maturity. Striga counts and Striga dry matter per plot in
the net plot area was taken after the fresh weight was
air-dried at the physiological maturity of sorghum. 

Data on phenological, vegetative growth and yield-
related parameters of sorghum and legumes were
collected timely following their respective standard
methods and procedures. When the grains of the main
shoot reached the black layer stage, sorghum plants in
the net plot area were harvested at the ground level and
spread to dry with the sun. Biomass, grain yield and
harvest index was estimated and converted to percentile.
After threshing the heads of well-dried sorghum plants,
was also estimated by weighing clean grains of each
net plot area with a balance and adjusted to 12.5 moisture
level, and then converted to a hectare basis. A thousand
grains were randomly taken from clean grains recovered

in each net plot area and weighed with a sensitive
balance to determine a thousand kernels’ weight.

Data analysis
All collected Striga and crop data analysis of

variance using SAS software version 9.2 (SAS-Institute,
2008) was done and the homogeneity test for all
parameters was non-significant, the combined analysis
for each parameter over locations. Whenever the result
showed a significant difference among treatments for a
parameter in question, least significant difference used
for mean separation was performed, while the coefficient
of variations for considered parameters was lower than
10[15]. 

Productivity of intercropping
The benefit of intercropping is quantified

by Temporal niche differentiation (TND)
It was calculated by the formula developed by Yu

[16]: 

where P overlap represents the period of overlap of the
growth period of the intercropped species, while the P
system represents the duration of the whole intercrop.
 RPE% of the system was calculated by following
Sankaranarayanan [17]: 

where CEYD is the CEY under improved cropping
system and CEYE is the equivalent yield under the
existing cropping system. The inference was that
positive results indicated the superiority of the new

Fig. 1. Map of the experimental sites
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intercropping system over the existing system, while
negative results indicated inferiority. REE% of the
system was calculated by following Samant [18]: 

where NRE is the net return of the existing cropping
system, the NRD is the diversified cropping system. The
labor cost man day-1 was 80 ETB. The average grain
prices were ETB 13.00, 25, 20, and 20.00 kg-1 for
sorghum, soybean, cowpea, and haricot bean,
respectively, based on the average local market prices
of the months from October to February. 
Land Equivalent Ratio (LER): Intercropping
efficiency was evaluated by using the land equivalent
ratio. The relative land area in pure stands is required to
produce the yields of all products from the mixture
Vandermeer[19]. 

Where AI and BI are the yields of two crops in
intercropping, and AS and BS are the yields of each crop
in a monoculture system. If LER is greater than one,
intercropping would be better than monoculture
Mazaheri[20].
Area Time Equivalent Ratio (ATER): The ATER was
calculated by following Hiebsch and Macollam[21]:

where PLERSR and PLERLG are a partial land
equivalent ratio of sorghum and legume, respectively;
TSR is the duration of sorghum maturity; TLG is the
duration of legume maturity and T is the total duration
of the intercropping system.

Competition Ratio: Competition between component
crops was measured by the CR,  Zhang et al., [22]. The
CR of the component crops was calculated by the
formula:

Where: CRSR and CRLG are a CR of sorghum and
legumes, respectively; PLERSR and PLERLG are a
partial land equivalent ratio of sorghum and legume,
respectively and ZSRLG and ZLGSR are a seed
proportion of sorghum intercropped with legumes and
the seed proportion of legumes intercropped with
sorghum, respectively. YSRIC and YLGIC are yields of
sorghum and legume in an intercropping, respectively,

and YSRSC and YLGSC are the yield of sorghum and
legumes in sole cropping, respectively. 

Gross Monetary Value (GMV) was calculated
from the yield of sorghum and soybean to measure the
productivity and profitability of intercropping as
compared to sole cropping of the associated component
crops. Crop value in the system monetary returns values
was estimated based on the current market price of
produce. 

RESULTS  AND DISCUSSION
Striga weed component plot-1

The analysis of variance revealed that Striga count
per plot was highly and significantly (P<0.01) different
due to legume crops intercropping. Intercropping
legumes with sorghum have negatively affected
Striga per plot than sole sorghum. (The highest
314 Striga from sole sorghum and 91 in sorghum/
cowpea intercrop) (Table 1). Similarly, Striga dry matter
was statistically highly significantly different (P<0.01)
in sorghum/legumes intercropping, the highest 83.38
grams in sole sorghum, the lowest 31.22g at sorghum/
cowpea intercropped. 

A higher Striga population was recorded in soybean/
sorghum than sorghum with cowpea, haricot bean, or
mung bean (Table 3). This result agrees with Fasil and
Verkleij[11]who found that higher Striga numbers per
plot in sorghum/soybean than in sorghum/cowpea
intercropped. The result of Odhiambo et al. [10]shows
lower Striga number in maize/soybean with good
performance. Least Striga is obtained in soybean/
sorghum [8, 23].

 Dry matter of Striga was very low in sorghum/
cowpea than that of other legumes. Intercropping study
indicates that population density and weed biomass may
be markedly abridged when intercropping strategies are
used [24]. In a similar experiment, Singh and Singh [25]
achieved when cowpea was planted closer to sorghum.
Weed population is low when maize and mung bean
were planted simultaneously [26]. Lower Striga
population in intercropped plots indicated that sole
sorghum could not suppress S. hermonthica as
compared to intercropped plots. Intercropping blocked
S. hermonthica by the exudates released from both the
legumes. Aliyu and Emechebe[8]confirmed that soybean
and cowpea released exudates that initiate the Striga
germination without being parasitized. This was in
agreement with the findings of Kureh [27]who indicated
that cowpea/maize reduced emerged Striga density, by
cowpea shading effects. 

Sorghum and legumes growth, yield, and yield
components

ANOVA showed that the aboveground dry biomass
and grain yield was highly significantly (P < 0.01)
affected due to legume crops intercropping. The highest

Intercropping different legumes for striga
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(15.56t h-1) aboveground dry biomass yield of sorghum
was recorded in sorghum/soybean, which was
statistically at parity with sole sorghum (15.40 t h-1)
(Table 2). The lowest yield (9.53 t ha-1) of sorghum was
from sorghum/haricot bean intercropping. 

Biomass was affected highly significantly by legume
type. Solely planted legumes yielded higher than their
respective intercropped with sorghum. The increment
in sole crops from the intercropped trend was; 63.69,
49.5, 42.01, and 13.62% in sorghum/haricot bean, mung
bean, soybean, and cowpea, respectively. 

Sorghum and legumes grain yields were highly
significantly influenced by the type of legumes in
combined over locations, whereas, non-significant in
both locations for all legumes under study. Sole sorghum
recorded the highest (4.34t h-1) followed by 3.93t h-1 in
sorghum/cowpea intercropping (Table 2). The least
(2.22t h-1) was in sorghum/haricot bean intercropping
at Metema. The type of legume had a highly significant
(P < 0.01) difference for yield of legumes (Table 2).
Significantly higher grain yields were recorded in sole
mung bean (3.49t h-1) than their yield from the
intercropped with sorghum. The increments in grain
yield in sole were 57.57, 51.51, 45.14, and 37.04% in
sorghum/mung bean, haricot bean, soybean, and
cowpea, respectively from their corresponding intercrop
grain yield. 

Sorghum and legume seed weight was highly
significantly (P < 0.01) affected due to legume type and
intercropping. Thousand seed weight of sorghum was
31.61 and 22.61g, in sorghum/soybean and sorghum/
mung bean, respectively (Table 3). The highest 100-seed
weight of legumes, 18.12g in sole haricot bean, and
lowest 5.56gms were recorded in sorghum/mung bean
(Table 3).

Interspecific competition was higher than
intraspecific for differences in grain [28]. Reduction of

69.7% in yield due to sorghum/cowpea was observed
by Oseni and Aliyu [29] and the higher grain yield in
sole cropping. Langat et al. [30] got a yield reduction in
sorghum/groundnut.

The interspecific competition and depressive effect
of sorghum results reduction in soybean yield in
intercropping, as a C4 species on soybean, a C3 crop. A
higher seed yield of sole over sorghum/soybean was
obtained by Muneer[31]. Shading effects difference in
crop canopy in a mixture could reduce the
photosynthetic ability of slow growing plants and
ultimately lower yields [32]. In a wheat/chickpea study,
yield of chickpea in mixture highly decreased [33]. A
55.3% cowpea yield reduction in sorghum/ cowpea
intercropping system was reported by Oseni and Aliyu
[29]. The grain cowpea yield was higher in sole cropping
than in intercropped (Oseni[34]). Egbe [35]found that
similar observation in maize-cowpea intercropping
systems, but in this research both the yield of cowpea
was depressed by sorghum and vice versa.

Temporal niche differentiation, Land equivalent
ratio and area time equivalency ratio

The result of TDN shows higher values for sorghum,
(0.69) sorghum/soybean, and lowest (0.61) in sorghum/
haricot bean intercropping (Table 4), this indicates the
competitive ability of sorghum from the treated legumes.
Statistically LER was highly significantly greater than
1.00 in intercrops. The highest value of LER (1.46) was
recorded in sorghum/cowpea while the lower LER (1.11)
was found in sorghum/mung bean. In all the treatments,
LER values were greater than the ATER (Table 4). On
the other hand, ATER values were greater than 1.00 in
all the cases, the highest and lowest values were 1.33
and 1.0 in the intercropped sorghum/cowpea and
sorghum/mung bean, respectively (Table 2).

Gebremedhin et al.

Table 1: Influence of sorghum-legume intercropping on Striga count and Striga dry matter at harvesting
stage

Treatment Number of Striga plot-1 Dry Weight (gm) plot-1

Metema Sanja Combined Metema Sanja Combined
locations locations

Sorghum SB 102.5bc 106.23bc 104.35bc 35b 36.31b 35.66b
Sorghum HB 113b 112.64b 112.81b 34.38b 34.23b 34.31b
Sorghum MB 97.2bc 101.53bc 99.36cd 33.17b 34.57b 33.87b
Sorghum CP 91.1c 93.76c 92.43d 31.31b 32.22b 31.76b
Sorghum Sole 304.6a 314.65a 309.63a 79.43a 83.38a 81.41a
P ** ** ** ** ** **
LSD (0.01) 12.58 10.19 7.5 9.69 8.37 4.85
S.E (1%) 3.75 3.04 2.67 2.89 2.49 1.73
CV (%) 3.24 2.55 2.75 8.29 6.92 10.33
SB= Soybean; HB= Haricot bean; MB= Mung bean and CP= Cowpea
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Greater TND in intercrops showed differential
resource demands between component crops at different
times that resulted in higher yields of both component
crops Yu [16]. Baker and Yusuf [36]suggested that there
should be at least a 30 to 40-day maturity difference
between the component crops to get the intercropping
advantages.

The reason LER is more than unity is perhaps
because of fixing and absorbing nitrogen in
intercropping sorghum and legumes. The present
findings are in line with Koocheki [37] in intercropping
corn/bean. In wheat/lentil, Akter [38] obtained
maximum LER in lentil and wheat cropping system.
Higher LER in intercropping than sole cropping was
observed in maize/soybean by Ullah [39]. Growth
resources were efficiently used by the crops and their
nitrogen fixation and increased light use efficiency make
this increment [40].

Aggressivity and competitive ratio
 The competitive ability of the four legume crops

and sorghum intercropping shows highly significant
variation (P < .01) and depended on the crop architecture
(Table 5). In all treatments, the CR of sorghum and
legumes were above one. This highest value of CR
indicated sorghum’s superior ability of competition. The
highest CR was 2.53 in sorghum/mung bean
intercropping. Finally, a poor competitor in association
with sorghum than the four legumes tested is mung bean.
The aggressively index (A) and the CR clearly confirm
sorghum was dominant in its intercrop with legumes
(Table 5).

The Competition between component crop values
was highly significant due to legume type and value
ranges 0.4–0.8 and 1.26–2.53 for legumes and sorghum,
respectively. This shows that sorghum was more
competent in the intercropping with legumes. Mung
bean and cowpea were better than haricot bean and
soybean. Yu [16]reported that non-legume–legume
intercropping systems have wide TND results in low
competition in growth resources between them.

Relative Production Efficiency (RPE), Relative
Economic Efficiency (REE) and Gross Monetary
Value

Broadly, the ATER and sorghum equivalent yield
(SEY) were higher when sorghum intercropped with
cowpea than when intercropped with other legumes
(Table 4), which might be due to the greater ability of
cowpea to smother and suppression effect on Striga. 

The RPE, REE, and GMV were statistically highly
significant due to the effects of legume types
intercropped with sorghum. The highest GMV
89,425.00 ETB per ha (LER = 1.44) and lowest GMV

Gebremedhin et al.



10J. Crop and Weed, 17(1)

Table 7: Soil physicochemical properties of experimental areas before planting in 2017/18
Soil properties Metema Sanja Category/rating Optimum rate of Sorghum
pH (H2O) 6.81 6.75 Neutral 5.5 – 8.5
Total N (%) 0.11 0.12 Low 2.4 – 3.5
CEC (cmol(+) kg-1) 76.50 74.5 Very High High
Avail. P (ppm) 3.87 3.58 Low 3 – 6
Organic carbon (%) 2.80 2.75 High High
Exch. K+ (cmol(+) kg-1) 0.51 0.50 Medium Medium

Particle distribution
Clay (%) 43.28 44
Sand (%) 26.00 25
Silt (%) 30.72 31
Textural class Clay Clay

CEC = cation exchange capacity; P = phosphorus; K = potassium; ppm = part per million; pH = potential of
hydrogen; @Blake and Hartge (1986); #Panda (2010); *London (1991)

68364.00 ETB per ha (LER= 1.11) were obtained in
sorghum/cowpea and sorghum/mung bean intercropped,
respectively (Table 6). 

The maximum intercropping GMV was related to
cowpea/sorghum and soybean/sorghum with 89,425 and
68,419 ETB, respectively (Table 6). The reason for this
result can be the better use of resources such as light,
water, and nutrients in these treatments. Higher monetary
returns in maize soybean cropping system from
intercropping than sole maize was reported by Wondimu
[41]and Alice [42]. Biruk[43]in sorghum/common bean
reported that intercropping was more advantageous than
sole cropping of either common bean or sorghum.

 The sorghum/cowpea intercropped generated higher
and positive RPE and REE results compared with other
intercropping legumes (Table 6). Specifically, among
all intercrops, sorghum/cowpea intercropped gave the
maximum positive RPE (57.79%) and REE (57.84%).
Intercrops were superior to the existing sole crops.
Intercropping studies such as cotton–radish and cluster
bean-beet root by Sankaranarayanan [17] had also
shown higher RPE and REE compared with the
respective existing sole cropping system.

CONCLUSION
In general legume intercropping has resulted in

lower Striga infestation, for better growth and yield of
sorghum. Highest Striga number and dry matter were
recorded in sole sorghum, although there was variability
in legume type, cowpea supported the least Striga. The
relatively lower number of Striga counts in sorghum/
legume intercropping indicates the capacity of
Striga seed bank decreasing in the soil. Yield
components of sorghum were significantly differed in
intercropping. The low Striga count coupled with the
high sorghum yield in the intercrops can be attributed

to the effectiveness intercropping in S.
hermonthica controlling and the effectiveness of the
system. 

The productivity of sorghum-cropping systems can
be improved by intercropping cowpea between sorghum
plants as the high LER and GMV confirmed the system
profitability. LER of the system is greater than one in
sorghum/cowpea, this indicates that intercropping was
advantageous as a result of higher exploitation of limited
resources. Highest grain yield, above-ground dry
biomass, and thousand seed weights were obtained from
sorghum/cowpea treatment. Therefore, based on the
economic evaluation and statistical analysis sorghum/
cowpea can be recommended for the study area.

REFERENCES
Adugna, A., The role of introduced sorghum and millets

in Ethiopian agriculture. 2007.
Authority, C.S., Area and Production. 2016. 48: p. 35-

45.
Faostat, F., Agriculture Organization of the United

Nations Statistics Division. Economic and Social
Development Department, Rome, Italy. Available
online: http://faostat3. fao. org/home/E (accessed
on 31 December 2016), 2016.

Wortmann, C., et al., The atlas of sorghum production
in five countries of Eastern Africa. University of
Nebraska, Lincoln, USA, 2006.

Kidane, A., et al., Survey on striga and crop husbandry
practices in relation to striga management and
control of sorghum (Sorghum bicholor) in the
Goluge sub zone: Lessons to be learned and
creating awareness. Drylands Coordination Group
and Noragric, Agricultural University of Norway,
2004.

Intercropping different legumes for striga



11J. Crop and Weed, 17(1)

Ejeta, G., The Striga scourge in Africa: a growing
pandemic, in Integrating new technologies for
Striga control: towards ending the witch-hunt.
2007, World Scientific. p. 3-16.

Okonkwo, S., In vitro post germination growth and
development of embryos of Alectra
(Scrophulariaceae). Physiologia Plantarum, 1975.
34(4): p. 378-383.

Aliyu, B. and A. Emechebe, Effect of Intra-and inter-
row mixing of sorghum with two varieties of cowpea
on host crop yield in a Striga hermonthica infested
field. African Journal of Agricultural Research,
2006. 1(2): p. 024-026.

Carsky, R., et al., Reduction of Striga hermonthica
parasitism on maize using soybean rotation.
International journal of pest management, 2000.
46(2): p. 115-120.

Odhiambo, J., et al., Effect of intercropping maize and
soybeans on Striga hermonthica parasitism and
yield of maize. Archives of Phytopathology and
Plant Protection, 2011. 44(2): p. 158-167.

Reda, F. and J. Verkleij, Cultural and cropping systems
approach for Striga Management—a low cost
alternative option in subsistence farming, in
Integrating New Technologies for Striga Control:
Towards Ending the Witch-Hunt. 2007, World
Scientific. p. 229-239.

Oswald, A. and J. Ransom, Response of maize varieties
to Striga infestation. Crop Protection, 2004. 23(2):
p. 89-94.

Rodenburg, J., et al., How can field selection for Striga
resistance and tolerance in sorghum be improved?
Field Crops Research, 2005. 93(1): p. 34-50.

Miller, D.A. and R.A. White, A conterminous United
States multilayer soil characteristics dataset for
regional climate and hydrology modeling. Earth
interactions, 1998. 2(2): p. 1-26.

Gomez, K.A. and A.A. Gomez, Statistical procedures
for agricultural research. 1984: John Wiley &
Sons.

Yu, Y., et al., Temporal niche differentiation increases
the land equivalent ratio of annual intercrops: a
meta-analysis. Field Crops Research, 2015. 184:
p. 133-144.

Sankaranarayanan, K., et al., Multi-tier cropping system
for profitability and stability in Bt cotton
production. 2011.

Samant, T., System productivity, profitability,
sustainability and soil health as influenced by rice
based cropping systems under mid central table
land zone of Odisha. International Journal of
Agriculture Sciences, 2015. 7(11): p. 746-749.

Vandermeer, J., The ecology of intercropping.
Cambridge University Press, New York. 1989.

SHAKER, K.S. and S. Nasrollahzadeh, Evaluation of
yield and advantage indices of sorghum (Sorghum
bicolor L.) and mungbean (Vigna radiate L.)
intercropping systems. 2014.

Hiebsch, C. and R. McCollum, Area × Time Equivalency
Ratio: A Method For Evaluating The Productivity
Of Intercrops1. Agronomy Journal, 1987. 79(1):
p. 15-22.

Zhang, G., Z. Yang, and S. Dong, Interspecific
competitiveness affects the total biomass yield in
an alfalfa and corn intercropping system. Field
Crops Research, 2011. 124(1): p. 66-73.

Khan, Z.R., et al., Management of witchweed, Striga
hermonthica, and stemborers in sorghum, Sorghum
bicolor, through intercropping with greenleaf
desmodium, Desmodium intortum. International
Journal of Pest Management, 2006. 52(4): p. 297-
302.

Alemán, Z., Studies on bean-maize production systems
in Nicaragua. 2000: Sveriges Lantbruksuniversitet
(Swedish University of Agricultural Sciences).

Singh, R. and R. Singh. Ecological approaches in weed
management. in Extended Summaries (Voluntary
Articles), Golden Jubilee National Symposium on
“Conservation Agriculture and Environment” at
the BHU, Varanasi, India on October. 2006.

Khan, M.A., et al., Weed control efficiency of
intercropping legumes in maize. Pakistan Journal
of Weed Science Research, 2011. 17(4).

Kureh, I., A. Kamara, and B. Tarfa, Influence of cereal-
legume rotation on Striga control and maize grain
yield in farmers’ fields in the Northern Guinea
savanna of Nigeria. Journal of Agriculture and
Rural Development in the Tropics and Subtropics
(JARTS), 2006. 107(1): p. 41-54.

Angadi, V., et al., Intercropping studies in kharif
sorghum under rainfed condition. Karnataka
Journal of Agricultural Sciences, 2010. 17(3).

Oseni, T.O. and I.G. Aliyu, Effect of row arrangements
on sorghum-cowpea intercrops in the semi-arid
savannah of Nigeria. International Journal of
Agriculture and Biology, 2010. 12(1): p. 137-140.

Langat, M., et al., The effect of intercropping groundnut
(Arachis hypogea L.) with sorghum (Sorghum
bicolor L. Moench) on yield and cash income.
Agricultura Tropica et Subtropica, 2006. 39(2): p.
87-91.

Panhwar, M.A., et al., Performance of maize in
intercropping system with soybean under different
planting patterns and nitrogen levels. JApSc, 2004.
4(2): p. 201-204.

Gebremedhin et al.



12J. Crop and Weed, 17(1)

Osang, P.O., I. Richard, and M. Degri, Assessment of
the agronomic performance of two varieties of
soybean as influence by time of introduction of
maize and cropping pattern. International Letters
of Natural Sciences, 2015. 4.

Banik, P., et al., Wheat and chickpea intercropping
systems in an additive series experiment:
advantages and weed smothering. European
Journal of Agronomy, 2006. 24(4): p. 325-332.

Oseni, T.O., Evaluation of sorghum-cowpea intercrop
productivity in savanna agro-ecology using
competition indices. Journal of Agricultural
Science, 2010. 2(3): p. 229.

Egbe, O., S. Alibo, and I. Nwueze, Evaluation of some
extra-early-and early-maturing cowpea varieties
for intercropping with maize in southern Guinea
Savanna of Nigeria. Agriculture and Biology
Journal of North America, 2010. 1(5): p. 845-858.

Baker, E. and Y. Yususf. Mixed cropping research at
the Institute for Agricultural Research, Samaru,
Nigeria. in Intercropping in semi-arid areas; report
of a symposium. 1976. IDRC, Ottawa, ON, CA.

Kroschel, J., Analysis of the problem: The first step
towards future joint action. p. 3–26. J. Kroschel et
al.(ed.) Advances in parasitic weed control at on
farm level. Vol. 1. Joint action to control in Africa.
Margraf, Weikersheim, Germany. Analysis of the
Striga problem: The first step towards future joint
action. p. 3–26. In J. Kroschel et al.(ed.) Advances
in parasitic weed control at on farm level. Vol. 1.
Joint action to control Striga in Africa. Margraf
Verlag, Weikersheim, Germany., 1999: p. -.

Akter, N., Evaluation of Mixed and Intercropping of
Lentil and Wheat Nargis Akter, Md. A. Alim, M.
Mahbubul Islam, Zabun Naher, Maksuder Rahman
and” ASM Iqbal Hossain. Journal of Agronomy,
2004. 3(1): p. 48-51.

Ullah, A., et al., Studies on planting patterns of maize
(Zea mays L.) facilitating legumes intercropping.
Journal of Agricultural Research, 2007. 45(2): p.
113-118.

Reddy, B.V., et al., Sorghum improvement (1980–2010):
Status and way forward. Journal of SAT
Agricultural Research, 2012. 10: p. 1-14.

Bekele, W., Evaluation of Soybean Varieties and N
Fertilizer Rates on Yield, Yield Components and
Productivity of Associated Crops under Maize/
Soybean Intercropping at Mechara, Eastern
Ethiopia. 2013, M. Sc. Thesis. Haramaya
University.

Thole, A., Adaptability of Soyabean (Glycine max (L).
Merr) varieties to intercropping under leaf Stripped
and Detasselled maize (Zea mays L.). 2012.

Tesfaye, B. and K. Belete, Effects of Planting Density
and Varieties of Commonbean (Phaseolus vulgaris
L.) Intercropped with Sorghum (Sorghum bicolor
L.) on Performance of the Component Crops and
Productivity of the System in South Gondar,
Ethiopia. 2007, Haramaya University.

Intercropping different legumes for striga



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




