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Abstract: Farmlands are being developed as a result of the high demand for food crops. The experimental trial was 

conducted under field conditions at Jimma Agricultural Research center, Agaro and Gera sub centers during the main cropping 

season of 2018 to 2021. The objective of the study was to assess the growth performance and forage yield of herbaceous forage 

legumes intercropped with coffee. The experiment was carried out in a randomized complete block design with three 

replications. Data on plant height, number of branches per plant, fresh and dry matter yields were collected and analyzed using 

the general linear model procedures in the R software, and the least significant difference was used to compare treatment 

means. The combined analysis of variance showed the presence of significant differences (P<0.05) among treatments, 

environments, and interaction effects. The treatment x environment (G x E) interactions also showed significant (P <0.05) 

difference for all measured agronomic traits except plant height. Mucuna pruriens had higher/taller plant height among the 

legumes, followed by Desmodium species. The lowest mean plant height was recorded from Stylosanethes species. 

Stylosanthes and Desmodim species gave the highest fresh biomass and dry matter yields, while Mucuna pruriens produced the 

lowest. At Gera, the forage legume dry matter yields were by far the highest of the three sites. However, further studies are 

required to examine the cost benefit on soil fertility and weed control of the legume forages used as a cover crop. 
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1. Introduction 

Livestock production is a primary source of income and 

food security of poor smallholders in developing countries 

[14]. The major constraint to livestock productivity is a 

shortage of feed in both quantity and quality, particularly 

during dry season. This situation prone poor animal 

performance, low growth rates, reduced reproductive 

efficiency and high mortality [2]. Pastures in the country are 

steadily being converted to farmlands due to the rapid growth 

of human population and the high demand for food. Now 

days waterlogged, flooded, and steep land areas unsuitable 

for grazing are left as pastures in highlands. Furthermore, 

environmental degradation, caused by deforestation and 

overgrazing, along with low soil fertility, characterizes 

pasture lands in the highlands [23]. As a result the available 

grazing lands in the country fail to meet the nutritional 

requirements of farm animals, leading to reduced 

productivity and quality [13]. 

The weather condition in Ethiopian coffee-growing areas is 

also suitable for the growth of a diverse weed flora, ranging 

from abundant seed-producing annuals to rhizomatous and 

soloniferous perennial grasses and sedges. The growth of these 

weeds can easily smother coffee, resulting in extremely low 

yields and affecting crop quality [21]. Weeds harm coffee by 

competing for moisture and nutrients, but their removal can 

expose the soil to erosion if precautions are not taken [17]. The 

warm, wet, and humid climatic conditions that prevail in the 

southwest region of the country in general, and the Jimma and 

Ilu Ababor zones in particular, result in a diverse weed flora 
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that ranges from difficult to control sedges and grasses to soft 

annual broad-leaf weeds, and weed control is one of the major 

operations for successful crop production in the region [21]. 

The slow growing nature of coffee crop favors the weeds to 

establish them well, totally inhibiting coffee growth and 

productivity [29]. 

One global strategy that has garnered attention is the systematic 

integration of legume cover crops into farming systems [24]. This 

approach has not only proven to be more efficient than sole 

cropping [18] but has also demonstrated improvements in overall 

ecology [3]. Organic legume inputs may increase crop yield by 

improving nutrient supply and availability and/or soil-water 

holding capacity. Furthermore, legumes provide cover to reduce 

soil erosion, maintain and improve soil physical properties, 

increase soil organic matter, microbial activity, reduce soil 

temperature and weed suppression [1]. 

Herbaceous legume materials, such as Vicia benghalensis 

(purple vetch) and Lablab purpureus (lablab), showed good 

ground cover. Meanwhile, Mucuna pruriens and Lablab 

purpureus were found to excel in biomass production Lablab 

purpureus (dolichos) and Glycine max (soybeans) are used 

both as food and forage plants [7, 10]. Since legume cover 

crops provide ground cover and accumulate high biomass 

over a short time, they have the potential to effectively 

control weeds and therefore contribute towards savings in 

weeding. High coffee yields can be achieved through high 

standards of husbandry, including good soil fertility 

management practices and effective pest, disease, and weed 

control [28]. Legume cover crops can potentially play an 

important role in reducing soil erosion, replenishing and 

maintaining soil fertility and weed control in coffee farms 

[11]. Legumes have also been used for pest control by 

providing suitable habitats for beneficial insects [26] or 

breaking disease and pest cycles, thereby reducing the need 

for use of pesticides and fumigation [19], which are 

hazardous to man and the environment. For example, 

Canavalia and Mucuna have been reported to have shown 

repellant and insecticidal properties [18]. Therefore, a 

holistic approach is important in maximizing the wider 

benefit of these valuable herbaceous forage crops from the 

standpoint of meeting nutritional requirements of ruminant 

livestock and the role it plays in improving soil fertility, soil 

moisture holding ability, and breaking disease and pest 

cycles, thereby reducing the need for pesticides and 

fumigation, both of which have negative environmental 

consequences. A study was thus designed to evaluate the 

growth performance and feed values obtained from perennial 

legume forage crops intercropped with coffee plants. 

2. Materials and Methods 

2.1. Study Area 

The experimental trial was conducted under field 

conditions in Jimma Agricultural Research Center (Melko), 

Agaro and Gera sub centers during the main cropping 

seasons of 2018 to 2021 (Figure 1). The first two 

experimental sites represent midland agro-ecologies and the 

third (Gera) represents highland. The average annual rainfall 

of Melko/seka is 1216.7mm, with the main wet season from 

June to September. The maximum and minimum 

temperatures of Melko site were 27
o
C and 10

o
C, respectively. 

The latitude and longitude of Melko are 7°36’N and 36° 50′E, 

respectively, at an altitude of 1753m above sea level. The 

longitude and latitude of Agaro are 36
o
 38’E and 7°9’N at an 

altitude of 1600 meters above sea level. The mean annual 

temperature of Agaro ranges between 9.5 and 27.5
o
C with 

annual rainfall of 1400mm per annum. The longitude and 

latitude of Gera experimental site are 36
o
 14’E and 7°7’N at 

an altitude of 1940 meters above sea level. The mean annual 

temperature of Gera ranges between 10.4 and 24.4
o
C with 

annual rainfall of 1878.9 mm per annum. The area practices 

mixed farming systems. The soil of the experimental sites is 

Nitisols with Ph 5.1. 

 

Figure 1. Study area map. 
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2.2. Experimental Design and Treatments 

The experimental design was a randomized complement 

block design (RCBD) with three replications. Four perennial 

herbaceous forage legumes were used as treatments 

(Stylosenthes guianensis, Desmodium intortum, Desmodium 

unicinatum and Mucuna pruriens) (Table 2). Forage legumes 

were intercrop with coffee. Three Suitable coffee varieties 

namely 74110 (melko), L-55 (Agaro site) and 74165 (Gera 

site) were selected for the experiments. The experimental 

plots had 80m
2
(8 m x 10 m) area each, and there was 1m free 

space between adjacent plots. The spacing between coffee 

plants in a row and within rows was 2 m, and the numbers of 

coffee and coffee shade (Sesbania sesban) plants per plot 

were 20 and 5, respectively. The forage legumes were sown 

in between rows of newly established coffee seedlings with 

spacing of 60 cm far from the coffee seedling to avoid high 

competition of roots. These all the treatment forages, coffee 

seedlings and shade tree seedlings were established in the 

first year under rain fed condition. The legume species were 

sown depending on the recommended seed rate, distance 

between rows and plants. 

Table 1. Treatment combination. 

Treatment code Description 

T1 Stylosanthes guianensis with coffee 

T2 Desmodium intortum (green leaf) with coffee 

T3 Desmodium uncinatum (silver leaf) with coffee 

T4 Mucuna pruriens with coffee 

2.3. Experimental Field Management 

The experimental field was prepared as in conventional 

practice, including cleaning, plowing, and leveling manually. 

The planting materials (legume forage) were brought from 

Tepi Agricultural Research Center. The coffee varieties and 

legume forage materials were planted and necessary field 

management and data collection performed. All agronomic 

management practices, such as weeding and cultivating 

management, were applied equally to all plots. The plots 

were visited for harvesting based on growth stage of the 

legume forage components. Harvesting took place only once 

during the establishment year and two to three times based on 

the existing rainfall situation afterwards. 

2.4. Agronomic Data Collection and Measurement 

Forage legume data such as number of primary branches 

per plant, plant height, fresh biomass, and dry matter yields 

were collected during the forage harvesting stage of the main 

cropping season. The number of primary branches per plant 

and plant height were taken from five randomly selected 

forage plants in each plot. Plant height was measured at the 

harvest stage from the ground level to the tallest leaf using a 

steel tape meter. Fresh biomass yields were determined by 

harvesting from 1 m
2 
of each plot, weighing them first in the 

field, and then taking a 500g fresh subsample in the 

laboratory. The subsamples were oven dried for 72 hours at 

65°C, from which the dry matter yield per hectare was 

determined. 

2.5. Statistical Analysis 

The collected data were subjected to the analysis of variance 

(ANOVA) appropriate to RCBD using R software version 4.1. 

Mean fresh biomass yield, dry matter yield and agronomic 

parameters data were determined to compare treatment means. 

Least significant difference (LSD) at 5% level of probability was 

used for comparison of means among treatments. The data was 

analyzed using the following model: Yijk = µ + Gi + Ej + (GE)ij 

+ Bk(j) + e ijk; Where, Yijk = measured response of genotype i 

in block k of environment j; µ = grand mean; Ti = effect of 

genotype i; Ej = effect of environment j; GE= genotype and 

environment interaction; Bk (j) = effect of block k in 

environment j; e ijk = random error effect of genotype i in block 

k of environment. 

3. Results and Discussion 

Four legume forages intercropped with coffee were 

evaluated at three different locations. The combined mean 

square values for number of branches per plant, plant height, 

fresh biomass, and dry matter yield for legume forages are 

indicated in Table 3. There were a significant to highly 

significant (p<0.05) variation in all measured agronomic 

traits among treatments and environments. The treatment x 

environment (G x E) interactions also showed significant (P 

<0.05) difference for all measured agronomic traits except 

plant height. The interplay between genotype and 

environment is significant for plant breeding because it has 

an impact on genetic gain and the selection of cultivars with 

a wide range of adaptation [20]. The interaction is a result of 

variations in species performance in various environments 

brought on by genotype-specific responses to biotic, edaphic, 

and climate-related factors [8]. 

Table 2. Mean squares for agronomic traits of legume forages evaluated in experimental sites. 

Source of variation Df No. branches/plant Plant height cm Fresh biomass t/ha Dry matter yield t/ha Coffee yield qtl/ha 

Treatment 3 119.0*** 57324*** 4671.3*** 132.1*** 2.6ns 

Environment 2 75.2*** 2401* 2819.1*** 47.2*** 21.9** 

Treatment *environment 6 10.1*** 584 5.4233*** 9.3* 10.2* 

Residuals 34 2.1 623 130.2 2.8 2.7 

CV - 32 26.7 41.9 35.6 35 

R square - 0.9 0.93 0.8 0.8 0.7 

Note: CV coefiecnt of variation, Lsd= least significant variation 
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3.1. Plant Height and Number of Branches Per Plant 

The current result was indicated that plant height and 

number of braches per plant at forage harvesting stage were 

significantly different among treatments (Table 2). The highest 

mean plant height (204.0 cm) at the forage harvesting stage 

was recorded from Mucuna pruriens species, followed by 

Desmodium intortum species (Table 3). The lowest mean plat 

height (106.7cm) was recorded in the Stylosanethes guianensis 

species. This difference could be attributed to the fact that the 

legume forages tested differed in species and genotypes. This 

result was consistent with Hidosa's [12] observation that there 

were notable variations in plant height among the different 

species of legume forage. The number of branches per plant 

ranged from 8.5 to 4.8 with a mean of 4.4. The highest plant 

height and number of branches, gives better biomass yield. 

This is due to the fact that taller plants possess relatively more 

leaves and branches, which could result in an increase in 

biomass yield. Plant height determines the optimal harvesting 

stage and biomass yield of legume forages. Height at cutting 

affects the growth characteristics, productivity and fodder 

yield of legume forages. Harvesting legume forages an 

appropriate cutting height and defoliation frequency is 

important to improve dry matter yield and nutritive values. 

Cutting at a higher height results in underutilization and 

reduced quality of forage [31]. High cutting frequency reduces 

growth and development, whereas long harvesting intervals 

lead to the accumulation of fiber and a reduction in quality 

[32]. Therefore, appropriate cutting management is important 

for high production and quality of forage. The effects of 

cutting intervals on yield and quality differ with cultivars, 

management practices, and environmental conditions [27]. 

3.2. Forage Fresh Biomass and Dry Matter Yield 

The mean forage fresh biomass and dry matter yield showed a 

significant (P < 0.05) variation among legume forage species 

(Table 3). The fresh biomass and dry matter production potential 

(t/ha) of the four different legume forages were 47.33, 47.33, 

44.38, 24.14 and 8.4, 7.9, 6.7, 5.5 for Stylosenthes guianensis, 

Desmodium intortum, Desmodium unicinatum, and Mucuna 

pruriens, respectively. More biomass and dry matter yield was 

recorded from Stylosanthes guianensis and Desmodim intortum 

species while less fresh biomass and dry matter yields were 

obtained from Mucuna pruriens. The fresh biomass yield 

obtained from Stylosanthes guianensis and Desmodium species 

in the current study analogous with the findings reported by 

Hidosa [12] at Jinka, Ethiopia. The dry matter yield of 

Stylosanthes guianensis in the current study was also in 

agreement with the findings reported by [12]. On other hand, the 

dry matter yield of Stylosanthes guianensis was higher than the 

findings reported by [9] in Benishangul-Gumuz, Ethiopia. The 

difference could be attributable to a variety of factors, including 

soil type, agro-ecological differences, and the climatic 

conditions of the experiment sites. In contrast to [12, 30], the 

current finding for Desmodium species revealed a higher fresh 

biomass and dry matter yield in sole crop and with enset 

intercrop, respectively, reported from Jinka and south-western 

Ethiopia. Intercrops of silver and green leaf Desmodium 

produced high dry matter yields over time, possibly due to 

resistance to coffee shading effects. 

The results also demonstrated that the fresh and dry mater 

yields of the legume forage crops intercropped with coffee 

were comparable to that of the forage sole cropping systems. 

This finding contradicted the findings of [5, 15, 25], who 

reported that fresh and dry matter yields per hectare of these 

similar forage crops were relatively lower compared to that 

of the sole forage cropping systems. This decrease in yield 

from intercrop could be due to competition for growth 

resources among the component crops. 

The mean coffee yield results showed that there was no 

statistically significant difference (P>0.05) between 

treatments (four legume forages) for coffee yields. But there 

is a significant difference (P<0.05) in coffee yield across 

locations (Table 2). This difference might arise due to agro-

ecological and climatic differences between the experimental 

sites. A relatively higher coffee yield was harvested from 

Desmodium unicinatum and Stylosenthes guianensis in first 

and second coffee harvesting season (Table 3). This might be 

because Desmodium unicinatum and Stylosenthes guianensis 

cover crops have effectively controlled the growth and 

proliferation of noxious perennial weeds, which are highly 

competitive for essential growth requirements. 

The average clean coffee production per hectare from the 

current experiment is lower than the average yield reported 

by [4]. The current findings generally showed that it was 

feasible to intercrop coffee and legume forages for several 

advantages. Intercropped legume forages improve soil 

fertility and control the growth and proliferation of noxious 

perennial weeds, which are highly competitive for essential 

growth requirements [6]. Herbaceous intercropping with 

coffee plants reduced weed infestation when compared to 

other treatments such as hand weeding and chemical control. 

Table 3. Mean yield and yield component of herbaceous legume forages intercropped with coffee crop across location. 

Treatment No. branches/plant Plant height cm Fresh biomass t/ha Dry matter yield t/ha Coffee yield qtl/ha 

Stylosanthes guianensis 8.52a 106.71b 47.33a 8.42a 3.2ab 

Desmodium intortum 6.86b 129.91b 47.33a 7.93ab 2.7b 

Desmodium unicinatum 4.87c 118.92b 44.38a 6.51bc 4.2a 

Mucuna pruriens 6.43b 204.02a 24.14b 5.50c 3.0ab 

Grand mean 4.41 93.26 27.21 4.70 3.21 

Cv (%) 32 26 41 35 35 

LSD (0.05) 1.4 23.5 10 1.6 1.3 

Note: Means within a column with different superscripts are significantly different at 5% least significant difference (LSD) 
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The mean values of the different legume forages and 

coffee yields across locations are indicated in Table 4. The 

forage legumes plant height, number of branches per plant, 

fresh and dry biomass yields were significantly different 

(p<0.05). Higher plant height and number of branches for the 

forage legume were obtained from Gera experimental sites 

compared to Melko/Jarc and Agaro sites (Table 4). The taller 

the plant and the higher the number of branches, the better 

the biomass yield. This is due to the fact that taller plants 

possess relatively more leaves and branches, which could 

result in an increase in biomass yield. There is no significant 

difference in plant heights between Melko and Gera 

experimental sites. But there is a significant difference 

between Gera and Agaro experimental sites in terms of the 

number of branches and plant heights. The More legume 

forage fresh and dry matter yields were obtained from Gera, 

whereas less fresh and dry matter yields were gained at 

Agaro (Table 4). This difference might be linked to soil 

characteristics, agro-ecological differences, and the climatic 

conditions of the experimental sites. The fresh biomass and 

dry matter yields were statistically significant between Melko 

and Gera and Gera and Agaro. But no significant differences 

were observed between Melko and Gera. The average coffee 

yield differed significantly by location. Gera and Agaro 

produced more coffee yields when compared to Melko. 

Table 4. Mean values of forage yields for different forage legume species in location. 

Location 
Parameters 

No. branches/plant Plant height (cm) Fresh biomass (t/ha) Dry matter (t/ha) Coffee yield qtl/ha 

Melko 2.9b 95.6ab 24.13b 4.4b 2.00b 

Gera 6.7a 103.43a 40.96a 6.5a 4,12a 

Agaro 3.6b 80.70b 16.5b 3.3b 4.01a 

LSD (0.05) 0.9 16.9 7.7 1.2 0.90 

Note: Means within a column with different superscripts are significantly different at 5% least significant difference (LSD) 

4. Conclusion 

In conclusion, the fresh and dry matter yields of legume 

herbaceous forages intercropped with coffee were 

comparable to forage sole cropping systems. The current 

findings indicated the possibility of growing and cultivating 

herbaceous legume forages integrated with coffee crops. 

Further evaluation of the most appropriate planting densities 

of legume forage crops under established coffee should be 

necessary. In addition, it is important to examine the cost-

benefit of using forage legumes as a cover crop for 

improving soil fertility and weed control. 
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