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Abstract— Intercropping is the practice of growing two or 

more crops together in the same piece of land, and at the same 

time-boosts yield stability, reduces risk, enhances food diversity, 

alleviates poverty, and strengthens climate resilience. This study 

evaluated sorghum-pulse intercropping effects on yield, food 

diversity, and land use efficiency under the moisture-deficit areas 

of Dengora and Kalay Gondar, Ethiopia, during the 2017-2018 

cropping season. A randomized complete block design with nine 

treatments and three replications was used, including sole 

cropping of sorghum, green gram, and common bean, as well as 

intercropping systems (sorghum-green gram and sorghum-

common bean) arranged in 1:1, 1:2, and 2:1 row ratios. The results 

showed that the maximum grain yield was obtained from both sole 

cropping treatments. All intercropping results showed that the 

land equivalent ratios were greater than one, indicating that 

intercropping is more efficient. The 1:1 sorghum-common bean 

intercropping system achieved the highest land equivalent ratio 

(1.4) and a significant intercropping advantage (4601-4837). 

Additionally, the 1:1 sorghum common-bean combination showed 

a 31% area time equivalent ratio advantage. Economic analysis 

revealed that the 1:1 sorghum common-bean arrangement yielded 

the highest net benefit (35,967 Ethiopian Birr). Based on 

agronomic performance and economic viability, the 1:1 sorghum 

common-bean intercropping system is recommended to enhance 

the resilience and diversification of the agri-food system in 

moisture-stress areas of Dengora and Kalay Gondar, Ethiopia, 

and similar agroecology.  

Keywords— Intercropping, Land equivalent ratios, Moisture 

stress 

I. INTRODUCTION 

Ethiopia is characterized by poor soil fertility due to 
continuous cereal cropping without adequate use of chemical 
fertilizers [1]. Farmers in sub-Saharan African countries, 
including Ethiopia, are being denied more crop yields because 
they cannot afford to buy inorganic fertilizers to replace 
nutrient-depleted soils. The declining soil fertility, drought, as 
well as unreliable rain have increased the chance of failure in 
sole cropping systems within the country [2]. Sustainable 
production systems are essential for Ethiopian smallholder 
farmers to counteract declining yields from population growth, 
low soil fertility, drought, and erratic rainfall [3].  

Intercropping is a long-standing, climate-smart practice in 
Ethiopia that enhances resilience, productivity, and 
sustainability for smallholder farmers [4]. This system grows 
two or more crops together in the same piece of land, and at the 
same time. It improves land productivity, stabilizes yields, and 
increases resilience to drought and climate variability [5]. 
Intercropping provides insurance against weather variability and 
soil fertility, making it a highly beneficial crop production 
system [6]. Cereal-legume intercropping outperforms sole 
cropping by boosting yields and improving soil fertility. 

In the moisture-stress area of Ethiopia, drought, erratic 
rainfall, and poor soil fertility are the most biophysical 
bottlenecks to rising agricultural productivity and hence threaten 
food security [7]. Cereal-legume intercropping is a widely 
adopted practice that improves soil fertility, suppresses pests, 
diseases, and weeds, and reduces the risk of crop failure, making 
it a key strategy for sustainable and resilient agriculture [8], [9].  

Cereal crops such as sorghum, teff, maize, and pearl millet 
are fundamental to Ethiopian agriculture, especially in dry land 
areas [10]. These crops are intercropped with nutrient-fixing 
legumes like common bean, soybean, and green gram, a practice 
that improves soil fertility, enhances climate resilience, and 
supports food security and rural livelihoods [11].  

Intercropping provides multiple, well-documented benefits 
for resource-use efficiency, income, pest reduction, food 
diversification, crop resilience, and soil fertility [8]. Despite 
these well-documented benefits, farmers in the study area 
predominantly practice cereal with cereal intercropping, a 
system that limits productivity, increases pest pressure, limits 
food diversification, and accelerates soil nutrient depletion. 
Consequently, this practice constrains farmers’ economic 
potential, and no comprehensive intercropping research has 
been conducted in the area to address these challenges. 
Therefore, this study was designed with the objectives of 
evaluating the effects of sorghum-pulse intercropping on yield, 
food diversification, and land-use efficiency in moisture-stress 
areas of Gondar, Ethiopia. 

II. MATERIALS AND METHODS 

The experiments were conducted 2017 and 2018 main 
cropping seasons at Dengora and Kalay, District of Central 
Gondar Zone, Ethiopia. The study was conducted 2017 and 
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2018 main cropping seasons at two farmers’ fields in Dengora 
and Kalay District of Central Gondar Administrative Zone, 

Ethiopia. Dengora trial site has a latitude of about 13o12′35″
N and a longitude of 38o8′25″E. The elevation of the trial 

site is 900 meters above sea level. The mean annual rainfall in 
the district is 612 mm. The annual temperatures range from 13-
36˚C, respectively. Kalay has a latitude of 13.133°N and a 
longitude of 37.900°E and an elevation ranging from 1100 to 
1680 meters above sea level. The trial site of the district obtains 
an annual rainfall ranging from 700 to 823 mm. The annual 
temperature ranges from was13-28°C. The sites are 
characterized by recurrent moisture stress, clay-textured soils, 
and erratic rainfall, making them suitable for evaluating 
drought-resilient cropping systems.  

Nine intercropping treatments, including sole crops of 
sorghum, green gram, and common bean as well as various 
sorghum-pulse row arrangements (1:1, 1:2, and 2:1), were used 
and conducted in RCBD with three replications. Each plot 
measured 3.0 m × 4.5 m. Recommended pacing for sorghum (75 
cm × 15 cm), common bean (40 cm × 10 cm), and green gram 
(30 cm × 5 cm). In the intercropped, legumes were planted 15 
days after sorghum. All treatments received 100 kg ha⁻¹ DAP at 
planting. Sorghum plots were top-dressed with 50 kg ha⁻¹ urea 
at the knee-height stage. Composite soil samples were collected 
before and after planting, and analyses were done. All 
agronomic managements were practiced uniformly for each 
plot. 

Days to emergence, Days to heading, Striga numbers, Days 
to maturity, plant height, head length, stand count at harvest, 
harvestable head number, 1000 seed weight, biomass yield, 
grain yield, harvest index, for sorghum, and days to flowering, 
days to maturity, nodule number per plant, numbers of pod per 
plant, number of seed per pod, pod length, 100 seed weight for 
pulses were collected. Land equivalent ratio, area time 
equivalent ratio, actual yield loss, intercropping advantage, and 
partial budget analysis were done to compare different cropping 
systems. Pre- and post-harvest soil analyses were collected for 
each treatment to characterize the experimental site and to see 
additional benefits from the intercrop. 

The collected data were subjected to analysis of variance 
(ANOVA) using R software. Where a significant F-test was 
used and means comparison tests carried out using the Least 

Significant Difference (LSD) at p ≤  0.05. In addition, 

intercropping efficiency was assessed using indices such as land 
equivalent ratio (LER), Equation 1, area time equivalent ratio 
(ATER), Equation 2, actual yield loss, or gain (AYL), Equation 
3, and intercropping advantage (IA), Equation 4. 

𝐿𝐸𝑅 =  (
𝑌𝑎𝑚

𝑌𝑎𝑠
) + (

𝑌𝑏𝑚

𝑌𝑏𝑠
)  ................................................. (1) 

Where, Yam and Ybm are the yields of two crops in the 
intercropping, and Yas and Ybs are the yields of each crop in a 
sole cropping system. If LER is greater than one, intercropping 
would be better than monoculture [12]. 

𝐴𝑇𝐸𝑅 =  
𝐿𝑖𝑡𝑖+𝐿𝑗𝑡𝑗

𝑇
  ............................................................ (2) 

Where Li and Lj are partial LER of component crops i and j, 
ti and tj are the duration for crops i and j, and T is the time of the 
whole intercropping system [13]. 

𝐴𝑌𝐿 = 𝐴𝑌𝐿𝑎 + 𝐴𝑌𝐿𝑏  

𝐴𝑌𝐿𝑎 =  [𝐿𝐸𝑅 𝑥 (100 𝑍𝑎𝑏⁄ ) − 1]  

𝐴𝑌𝐿𝑏 =  [𝐿𝐸𝑅 𝑥 (100 𝑍𝑎𝑏⁄ ) − 1]  ................................. (3) 

Where, AYLa is the sown partial actual yield loss or gain of 
variety a, AYLb is the sown partial actual yield loss or gain of 
variety b, Zab is the sown proportion of variety a in 
intercropping, and Zba is the sown proportion of variety b in 
intercropping [14]. 

𝐿𝐴 =  [(
𝑃𝑎

𝑃𝑎
+ 𝑃𝑏)  𝑥 𝐴𝑌𝐿𝑏] +  [(

𝑃𝑏

𝑃𝑎
+ 𝑃𝑏)  𝑥 𝐴𝑌𝐿𝑎]  .... (4) 

In this comparison, Pa is the price of variety a, Pb is the price 
of variety b, AYLa is the partial actual yield loss or gain of 
variety a, and AYLb is the partial actual yield loss or gain of 
variety b [15]. 

III. RESULTS AND DISCUSSION. 

A. Soil Data 

The composite soil sample result showed that pre-planting 
soil analysis revealed low total nitrogen (0.062–0.072%) and 
medium available phosphorus [16]. The composite soil sample 
contributed 3.4-4.0% soil OM at both locations, which is rated 
as medium [17]. Soil pH values (7.8-8.1) were suitable for 
sorghum and most pulse crops in both locations. High cation 
exchange capacity (67-69 C mol kg⁻¹) indicated good nutrient-
holding capacity, while low electrical conductivity confirmed 
non-saline conditions. Clay texture predominated across both 
locations [18] (Table 1). 

TABLE I.  SOME PHYSICOCHEMICAL PROPERTIES OF THE SOIL BEFORE 

AND AFTER HARVEST EXPERIMENTAL FIELD 

Soil sample pre-planting 

Location 
Soil 

sample 

Parameters 

Total Nitrogen % 

Available 

Phosphorus 

(ppm) 

Dengora Composite 0.062 6.1 

Kalay Composite 0.076 10.1 

Soil sample after harvesting 

Treatments 

Dengora Kalay 

Total 

Nitrogen % 

Available 

Phosphorus 

(ppm) 

Total 

Nitrogen 

% 

Available 

Phosphorus 

(ppp) 

SS 0.019 12.8 0.07 11.7 

SG 0.152 16 0.12 15.3 

SC 0.254 16 0.285 14.5 

1S:1G 0.075 12.5 0.089 12.4 

1S:1C 0.079 17.1 0.089 14.4 

1S:2G 0.082 9.9 0.087 11.6 

1S:2C 0.093 18.9 0.092 17.7 

2S:1G 0.067 10.7 0.094 12.6 

SS=Sole sorghum, SG=Sole green gram, SC=Sole common bean, 
1S:1G=Sorghum green gram row ratios, 1S:1C=Sorghum common bean row 
ratios, 1S:2G=Sorghum green gram row ratios, 1S:2C=Sorghum common bean 
row ratios, and 2S:1G=Sorghum green gram row ratios. 

Post-harvest soil analysis in Table 1 showed notable 
improvements (0.02-0.29%) in total nitrogen under all 
treatments except sole sorghum, with the highest increments 
recorded under sole legumes and sorghum-common bean 
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intercrops [19]. Available phosphorus increased under sole 
green gram and sorghum-common bean intercropping systems. 
These findings confirm the soil fertility enhancement role of 
legumes, particularly under intercropping [20]. In general, the 
properties of the experimental soil and the weather conditions of 
the area were conducive to the growth of each crop. 

 

 

 

Fig. 1. Field performance of the intercropping trial conducted in the moisture-

stress area of Belesa (a, b) field photos of the intercropping plots; (c) nodule 

number in the trial. 

B. Sorghum Component 

The combined analysis of variance exhibited that there were 
significant (P<0.01) differences among varieties for Straiga 
count, head length, 1000 seed weight, biomass, harvest index, 
and grain yield. As shown in Table 2, the maximum Straiga 
count at Dengora was recorded for sole sorghum (84), while the 
lowest was recorded from treatment 1:2 sorghum-common bean 
row ratio (16). At Kalay, the highest Striga count was also 
recorded at sole cropping of sorghum (9), whereas the minimum 
Striga count (3.7) was recorded from the plot that received 1:2 

sorghum-green gram. As a result, at both locations, the highest 
Striga count was recorded from sole sorghum treatment, which 
showed that the intercropping system can have reduced Striga 
weed pressure. Intercropping sorghum with legumes reduces 
Striga infestation through trap cropping, improved soil fertility, 
shading, and competition, making it a sustainable and effective 
management strategy for Striga control. The result of this 
investigation is also supported by those obtained by [21], [22]. 

TABLE II.  EFFECTS OF LOCATIONS AND INTERCROPPING TREATMENTS 

ON STRIGA WEED POPULATION IN SORGHUM- PULSES INTERCROPPING AT 

DENGORA AND KALAY, 2017-2018 

Treatments Dengora Kalay  

SS 84.0a 9.0a 

SG - - 

SC - - 

1S:1G 28.0c 4.3bc 

1S:1C 18.0d 4.0c 

1S:2G 16.3d 3.7c 

1S:2C 16.0d 4.0c 

2S:1G 58.0b 7.7a 

2S:1C 56.7b 7.0bc 

LSD (0.05) 5.7 2.7 

CV (%) 8.1 27 

Mean 10.2 2.3 

**= Highly significant difference, *=significant differences, NS=Non-
significant differences, CV=coefficient of variation, LSD=List significant 
differences, LS=List significant, SS=Sole sorghum, SG=Sole green gram, 
SC=Sole common bean, 1S:1G=Sorghum green gram row ratios, 
1S:1C=Sorghum common bean row ratios, 1S:2G=Sorghum green gram row 
ratios, 1S:2C=Sorghum common bean row ratios, 2S:1G=Sorghum green gram 
row ratios, and 2S:2C=Sorghum common bean row ratios. 

Maximum head length was recorded at sole sorghum 
(27.9cm), and the minimum head length was recorded in 1:2 
sorghum-common bean intercropping row ratios (25.9cm) 
(Table 3). Sole cropping of sorghum consistently leads to longer 
panicles, which are strongly linked to higher grain yield. This 
finding is well-supported and aligns with previous research, 
highlighting the importance of panicle length as a potential trait 
for yield improvement in sorghum[23]. 

As shown in Table 3, the highest 1000 seed weight (24.5 g) 
was obtained from the 1:1 sorghum-common bean intercropping 
pattern, while the lowest 1000 seed weight (21.7 g) was obtained 
from the 2:1 sorghum green-gram intercropping system. The 
most probable reason for this variation could be due to the use 
of soil nutrients and water in the intercropped sorghum. The 
sunlight was probably not penetrating to the soil because of 
common bean was highly branched, leafy, used as mulching, 
and probably sorghum used the nodules that fix common bean 
from the atmospheric nitrogen. This finding is confirmed by the 
result of [24]. 

As shown in Table 3, the highest biomass accumulation was 
obtained from sole sorghum (15358.5 kgha-1), and the lowest 
biomass was recorded from treatments of 1:2 sorghum-common 
bean intercropping pattern (10699.1 kgha-1). This could be 
related to the general fact that crop density decreases the 
vegetative part of plants to give a higher biomass because there 
was no computation of nutrients, space, sunlight, or moisture. 
This finding is confirmed by the result of [25].  

The highest grain yield was recorded from the sole sorghum 
treatment (4498.5 kg ha-1), while the lowest grain yield was 
obtained from the 2:1 sorghum-common bean row ratio 
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intercropping pattern (3269.7 kg ha-1). The most probable 
reason for this variation could be due to interspecific 
competition for resources like soil nutrients, sunlight, space, and 
water in the intercropped sorghum. Different findings confirmed 
the recent study [9], [12], [21]. Based on the above-mentioned 
results and discussion, the diagram illustrating the performance 
of intercropping on biomass and grain yield was drawn in (Fig. 
1a&b). 

The highest harvest index was achieved at a 1:1 sorghum-
common bean intercropping row ratio (35.6%), and the lowest 
was recorded in a 2:1 sorghum-common bean row ratio (27.1%) 
in Table 3. According to [26], harvest index positively correlated 
with grain yield but negatively correlated with vegetative 
growth. 

TABLE III.  THE COMBINED MEAN VALUE OF HEAD LENGTH, HARVEST 

INDEX, THOUSAND SEED WEIGHT, BIOMASS, AND GRAIN YIELD OF 

SORGHUM INTERCROPPING AT DENGORA AND KALAY, 2017-2018 

Treatments  
                                     Parameter 

HL (cm) HI (%) TSW (gm) B (kgha-1) 

SS 27.9a 29.3bc 21.8b 15358.5a 

SG - - - - 

SC - - - - 

1S:1G 27.1ab 34.2a 21.3bc 12391.7cd 

1S:1C 27.8a 35.6a 24.5a 12114.7cd 

1S:2G 26.2b 30.8b 20.2c 11190.6de 

1S:2C 25.9b 30.6b 23.2a 10699.1e 

2S:1G 26.3b 27.9bc 20.5bc 13690.8b 

2S:1C 26.6ab 27.1c 21.4bc 13203.7cd 

LSD (0.05) 1.4 3.1 1.7 1281.9 

CV (%) 4.5 8.6 6.1 8.5 

Mean 26.8 30.8 24.1 12664.2 

**= Highly significant difference, *=significant differences, NS=Non-
significant differences, HL=Head length, HI=Harvesting index TSW=Thousand 
seed weight, B= biomass, T=treatment, CV=coefficient of variation, LSD=List 
significant differences, LS=List significant, SS=Sole sorghum, SG=Sole green 
gram, SC=Sole common bean, 1S:1G=Sorghum green gram row ratios, 
1S:1C=Sorghum common bean row ratios, 1S:2G=Sorghum green gram row 
ratios, 1S:2C=Sorghum common bean row ratios, 2S:1G=Sorghum green gram 
row ratios, and 2S:2C=Sorghum common bean row ratios. 

C. Pulses Component 

The combined analysis of variance showed that there were 
significant (P<0.01) differences among the traits for biomass, 
number of pods per plant, and grain yield. Sole cropping of 
green gram(4856.8kgha-1) and common bean (3388.9kgha-1) 
gives the highest biomass yield in the treatment, while the lowest 
biomass (486.1and 248.3kgha-1) was also recorded from 2:1 
sorghum-green gram and 2:1 sorghum-common bean row ratio 
intercropping, respectively (Table 4). This result is due to the 
absence of interspecific competition, like shading effects. 
Different findings confirmed the recent study [24]. 

The highest grain yield was recorded from sole green gram 
(1920.5kgha-1) and common bean (1460.3kgha-1) treatments. 
The lowest grain yield was recorded from the intercropping 
treatments 2:1 sorghum-green gram (169.8kgha-1), and 
2:1sorghum-common bean row arrangements (266.3kgha-1). 
This result might be due to competition for light and other 
environmental growth resources in the intercropping of a pulse 
(Fig. 2). In conformity with this result [27]. 

The combined result of the number of pods per plant was 
higher in the case of sole cropping of green gram (13.6) as 
compared to all the intercropping patterns (Table 4). Possible 

reason for the sole green gram plots might be attributed to no 
interspecific competition and fixed by the root nodule. Similar 
results are reported by [28], who observed that the number of 
pods per plant of green gram was higher in the sole cropping 
system as compared to their corresponding intercropped system. 

The nodule number under monocropping of pulses was the 
highest, and increased significantly by 0.5 folds in 2017 
compared with 2018 (Fig. 1c). As compared to the intercropping 
system, the highest nodule number was recorded in the 1:1 
sorghum common bean intercropping system, and the lowest 
nodule number was shown in the 2:1 sorghum green gram 
intercropping system (Fig. 2). This reduction is attributed to 
competition for light, nutrients, and water, as well as shading 
from the taller cereal crop [29]. 

TABLE IV.  THE COMBINED MEAN VALUE OF DRY BIOMASS AND 

NUMBER OF PODS PER PLANT ON GREEN GRAM AND COMMON BEAN AT 

DENGORA AND KALAY, 2017-2018 

Treatment 
Green gram Common bean 

B (kgha-1) NPP-1 B (kgha-1) NPP-1 

SS -   -   
SG 4856.8a 13.6a -   
SC - - 3388.9a 10.9 

1S:1G 1132.1c 10.0b -   
1S:1C - - 1673.8c 9.4 

1S:2G 1715.0b 10.3b -   
1S:2C - - 2588.6b 9 

2S:1G 486.1d 10.8b -   
2S:1C - - 747.1d 9.5 

LSD (0.05) 418.3 1.6 248.3   
CV (%) 20.1 20.7 9.5 17.4 

Mean 2047.5 11.2 2099.6 9.7 

**= Highly significant difference, *=significant differences, NS=non-significant 
differences, B=biomass, NPP-1=Numbers of pod per plant, CV=coefficient of 
variation, LSD=List significant differences, LS=List significant, SS=Sole 
sorghum, SG=Sole green gram, SC=Sole common bean, 1S:1G=Sorghum green 
gram row ratios, 1S:1C=Sorghum common bean row ratios, 1S:2G=Sorghum 
green gram row ratios, 1S:2C=Sorghum common bean row ratios, 
2S:1G=Sorghum green gram row ratios, and 2S:2C=Sorghum common bean 
row ratios. 

D. Abbreviations and Acronyms 

The land equivalent ratio (LER) greater than one had been 
achieved from a 1:1 sorghum-common bean intercropping 
pattern (1.4). Nevertheless, the lowest LER was recorded on 
treatments having a 2:1sorghum-green gram intercropping ratio 
(0.9) (Fig. 3). Concerning the result in (Fig. 3), in all 
combinations, the LER was more than one except in the 
treatment that received 2:1sorghum-green gram and 
2:1sorghum-common bean intercropping pattern which in turn 
validating that intercropping was less density and limited soil 
fertility significantly reduces the productivity of the 
intercropping system. The result of a land equivalent ratio more 
than one implied that intercropping is advantageous in many 
instances, rather than sole planting with respect to land area.  A 
value of LER more than one is perhaps because of fixing 
atmospheric nitrogen into usable forms in intercropping 
sorghum and pulses. This finding is confirmed by the results of 
[4]. 

The highest area time equivalent ratio (ATER) was recorded 
in the combination of 1:1 sorghum-common bean row ratios 
(1.3) (Fig. 3). This indicating that the proper resource utilization 
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due to the high variations in the maturity periods of the crops in 
which sorghum stayed longer on the land and had enough time 
to fully mature and suggesting that 1:1 sorghum-common bean 
inter cropping is more advantageous in the test location, but the 
lowest also recorded in the combination of 2:1 sorghum-green 
gram and 2:1 sorghum-common bean row ratio (0.9). Whereas, 
2:1 sorghum-green gram and 2:1 sorghum-common bean 
intercropping showed less than 1.0, thus indicating the 
disadvantage.  This was in agreement with [4]. 

Actual yield loss or gain (AYL) is a sensitive indicator for 
yield gain or loss in sorghum-pulse intercropping systems. In 
this study, the highest amount of AYL/G was obtained in 
treatment 1:1 sorghum common-bean with 3.9 and followed by 
1:2 sorghum-common bean with 3.4, while the lowest was 
obtained in treatments 2:1 sorghum-green gram and 2:1sorghum 
common-bean row ratios with 2.2 and 2.4, respectively (Fig. 3). 
The reason for this result was due to the exhaustive effect of 
sorghum and early shading in the early growth stage of pulses. 
Similar results were also reported by [30]. 

According to the index, in addition to expressing the 
advantage or disadvantage of intercrops, it can be an indicator 
of the economic feasibility of intercropping systems. The 
positive intercropping advantage (IA) was recorded in the 
treatment 1:1 sorghum common-bean treatment, and 1:2 
sorghum common-bean row ratio with 4601 and 4837, 
respectively [4], and the lowest IA was obtained in the treatment 
combination 2:1 sorghum-common bean row ratio with 2972 
(Fig. 3). Probably reason for this result was due to better use of 
resources such as light, water, and nutrients in this treatment, 
probably. 

 

Fig. 2. Combined results of grain yield and nodule number per plant for the 

2017-2018 seasons. Treatments include SS=Sole sorghum, SG=Sole green 

gram, SC=Sole common bean, 1S:1G=Sorghum green gram row ratios, 

1S:1C=Sorghum common bean row ratios, 1S:2G=Sorghum green gram row 

ratios, 1S:2C=Sorghum common bean row ratios, 2S:1G=Sorghum green gram 

row ratios, and 2S:2C=Sorghum common bean row ratios. 

Net benefit (NB) was determined to evaluate the economic 
advantage of an intercropping system as compared to sole 
cropping [31]. NB was computed from the yield of sorghum, 
green gram, and common bean intercropping by multiplying the 
yields by their respective unit price (Fig. 3). The total values 
obtained from the component crops were used to indicate the net 
benefit. According to [4], to estimate the NB of component 
crops, sorghum grain yield is valued at an average open market 
price of 9 ETB kg-1, green gram 18 ETB kg-1, and common 

bean each at 13 ETB kg-1 at the time of crop harvest in 2017-
2018 at Belesa District, Gondar, Ethiopia. The intercropping 
system was economically feasible relative to a sole crop of 
maize as reported from different intercrop studies, including 
[32], [33]. 

 

Fig. 3. Combined results of land equivalent ratio (LER), area time equivalent 

ratio (ATER), actual yield loss/gain (AYL/G), and net benefit (NB) for the 

2017-2018 cropping seasons. Prices (ETB/kg): sorghum = 9 ETB, green gram 
= 18 ETB, and common bean = 13 ETB. Treatments: SS=Sole sorghum, 

SG=Sole green gram, SC=Sole common bean, 1S:1G=Sorghum green gram 

row ratios, 1S:1C=Sorghum common bean row ratios, 1S:2G=Sorghum green 

gram row ratios, 1S:2C=Sorghum common bean row ratios, 2S:1G=Sorghum 

green gram row ratios, 2S:2C=Sorghum common bean row ratios, and ETB = 

Ethiopian birr. 

IV. CONCLUSION AND RECOMMENDATION 

The study confirms that a 1:1 sorghum common-bean 
intercropping row ratio arrangement is highly effective in 
suppressing Striga infestation while simultaneously enhancing 
diversification within the agri-food system. This cropping 
pattern strengthens climate resilience, stimulates nodulation, 
and improves soil fertility. In terms of agronomic efficiency 
indices (LER, ATER, AYL/G) and economic performance, the 
1:1 sorghum common-bean row ratio intercropping system 
consistently outperformed all other tested row arrangements, 
delivering the highest net return and marginal rate of return. 
Crucially, this practice enables farmers to generate additional 
income without reducing sorghum yield. Beyond its agronomic 
and economic merits, the system allows for the independent 
management of both crops while reducing labor and time 
requirements during harvesting and threshing operations. Its 
resilience is particularly evident under low rainfall conditions, 
making it a robust option during seasons characterized by 
limited and uneven rainfall distribution. Accordingly, the 
adoption of a 1:1 sorghum common-bean intercropping system 
is strongly recommended as a strategy for sustainable 
intensification, enhanced profitability, diversifying the food 
system, and improved resilience in smallholder farming 
systems. 
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