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Abstract: Intercropping is an excellent system of cropping which achieves a diversified and intensified crop production 

through better utilization of growth resources and inputs. An experiment was conducted at Teppi Agricultural Research Center 

from 2011 to 2015 cropping calendar to determine optimum intercropping ratios of coffee and enset that enhances yield 

productivity and land-use efficiency. The study consisted of six treatments viz., sole cropping of each crop, a staggered 

planting of both crops, 1:1, 2:1, 3:1 row ratios of coffee to enset, respectively. The experiment was laid out in a randomized 

complete block design with three replications. A lowland coffee variety (Catimor J-19) and local enset variety were used. The 

result revealed that the growth parameters of both coffee and enset were not significantly influenced by intercropping, except 

the internode length of coffee primary branches. However, the yields of the component crops were significantly (p<0.05) 

affected by different ratios of intercropping. The maximum clean coffee yield was obtained from the sole coffee plot (1127.68 

kg ha
-1

) followed by the staggered plot (1082.04 kg ha
-1

). Similarly, the highest kocho (44167 kg ha
-1

) and bulla (1734.70 kg 

ha
-1

) yields were also found from the sole enset plot. On the other hand, the combined yields of the component crops in all 

intercropped plots were higher than the sole plots and the LER value was greater than 1. The maximum relative yield 

advantage of coffee and LER value was recorded from the staggered plot followed by the plot consists of a 3:1 row ratio of 

coffee to enset. In general, the result was disclosed the agronomic feasibilities of coffee and enset intercropping and the 

compatibility of the component crops as well. Therefore, it can be concluded that staggered planting of coffee and enset is a 

suitable cropping arrangement for enhancing the yield productivity of the component crops and ensuring food security for the 

resource-poor farmers. Thus, the aforementioned planting arrangement can be recommended for farmers and growers in the 

study area. Nevertheless, additional researches are required in different agro-ecologies of the country with economic feasibility 

studies to deliver a concrete recommendation. 
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1. Introduction 

In Ethiopia, coffee is the major cash crop that plays a 

significant role in the household as well as regional and 

national economies. Although it is considered mainly as a 

cash crop, it is also highly consumed all over the country [1]. 

Coffee intercropping is an old practice, which could probably 

have emerged from the indigenous knowledge of coffee 

existence as an understory crop in its native land, Ethiopia. 

According to Damenu, [2], the crop is commonly grown as a 
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garden plantation being intercropped with different crops 

such as banana, enset, and some other fruit crops. Besides, it 

is also possible to interplant citrus, enset, avocado with 

coffee to improve the household income as reported by Kufa 

et al. [3], Taye et al. [4] and Anteneh et al. [5]. The coffee-

based intercropping system provides an improved farm 

earning for smallholder farmers without an adverse impact on 

the yield and quality of coffee [6, 7]. Besides, it helps to 

protect the soil from erosion, crop diversification, and 

providing shade, control coffee diseases and frost effects [8, 

9], improves the soil fertility through the provision of in situ 

mulch [10], and recycles more nutrients and sustainable 

intensification of small plots [11]. Also, the system increased 

resilience to drought and extreme weather events, and natural 

resource integrity, reducing the risk of coffee price 

fluctuations, improving farm earning, and ensuring food 

security [6, 7, 12]. 

Like coffee, enset is also a major multi-purpose crop in 

Ethiopia, which has been identified as the center of origin 

and diversity of enset [13, 14]. According to Belachew et al. 

[15], the crop is widely grown in the home gardens of 

central, south, and southwestern parts of Ethiopia for its food, 

forage, fiber, and medicinal uses. The major foods obtained 

from enset are kocho and bulla, which are obtained from 

pseudo stem and leaf petioles [16]. According to Ayele et al. 

[17] and Yemataw et al. [18], the crop serves as a traditional 

staple food and supplemented with cereals for more than 

20% of Ethiopia’s population particularly in the southern, 

southwestern and central part of the country. The farming 

system of the southern and southwestern parts of the country 

is commonly characterized by growing of two or more 

complementary crop species. In these potential areas, enset 

usually intercropped with perennial tree crops viz., coffee, 

avocado, citrus and other fruit crops under the home garden 

and main field conditions as reported by several authors [14, 

15]. In addition, Taye et al. [4] and Anteneh et al. [5] also 

suggested that avocado, banana, and coffee crops are highly 

preferable to grow in the mixture with enset, particularly in 

the southern and southwestern part of the country. This helps 

the local farmers to exploit the growth resources thereby 

getting sufficient food for their families and good returns. 

However, the increased population pressure and 

subdivision of farms have led to the fragmentation of land, 

and reduction of area coverage of different crops. For 

instance, more than 95% of the country’s agricultural output 

is generated by subsistence farmers who, on average, own 

less than one hectare of cultivated land [19]. Therefore, the 

alert of the small farm size owned by farmers, the prolonged 

time and shade requirements of coffee trees for crop bearing, 

intercropping is the only remedy to increase the productivity 

of the component crops and land-use efficiency. It has been 

also reported that the diversification of coffee with 

compatible crop types would be the right option for better 

resource use efficiency and productivity [4, 5, 20, 21]. 

Despite its economic and social advantage, the effects of 

coffee-enset intercropping on the yield productivity of the 

component crops have not been studied yet. Besides, detailed 

information`s on the ratios of intercropping and their 

interaction were required for coffee-enset based grown areas 

including the study site. Accordingly, this study was 

proposed to determine biologically optimum intercropping 

ratios between coffee and enset that can enhance the land-use 

efficiency and yield productivity of the component crops at 

Teppi, Southwestern Ethiopia. 

2. Materials and Methods 

2.1. Site Description, Soil Properties and Meteorological 

Data 

The experiment was conducted at Teppi Agricultural 

Research Center (TARC) from the year 2011-2015. The 

center is located at 7° 10' N latitude and 35° 25' E longitude 

(https://earth.google.com/web/@48.85543824,2.36282506,35

.18886965a,25.00073194d,35y,-0h,0t,0r) and situated at an 

altitude of 1200 m. a. s. l, representing a lowland altitude 

according to Ethiopian traditional agro-ecological division, 

the elevation is the basis for this classification [22]. It is 

characterized by hot humid with an average annual rainfall of 

1559 mm, and a mean maximum and minimum temperature 

of 30.23°C and 16.09°C, respectively [23]. The soil type of 

the experimental site is classified as Nitisols, which is 

dominated by a loam texture with a pH range of 5.60 to 6.0 

[24]. The soil depth is very deep (>150 cm) and has a color 

of dark brown (7.5 YR3/2) when moist. The organic matter 

content is medium to very high (2.47 to 7.02%) according to 

Murphy [25] classification. The total nitrogen content is low 

to very high (0.09 to 0.73%) according to Tekalign [26] 

classification, while the available phosphorus is low to 

medium (0.97 to 7.36 ppm) based on the rating of Olsen et 

al. [27]. The meteorological data for the years 2011 to 2015 

were obtained from Teppi Agricultural Research Center and 

presented in Table 1 and Figure 1. 

Table 1. Monthly minimum and maximum temperature (oC) of the study area (2011-2015). 

Month 
2011 2012 2013 2014 2015 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

Jan 13.4 31.5 13.9 31.3 11.7 31.8 12.3 33.6 13.5 29.3 

Feb 14.6 34.2 12.8 32.2 13.7 34.7 13.7 34.2 12.9 30.6 

March 16.7 32.9 15.3 33.2 15 33.4 14.8 32.6 14.6 32.7 

April 17 31.6 15.8 30.3 15.7 31.7 15.3 30.6 16.5 30.7 

May 16.7 30.6 15.5 29.6 15.3 29 14.8 29 16.2 29.1 

Jun 15.6 28.1 15.2 28.2 15.4 28.4 14.4 28.6 15.6 27.5 

Jul 15.2 26.5 14.4 27.5 15 27.2 14.9 27.4 15.6 27.1 
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Month 
2011 2012 2013 2014 2015 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

Aug 15.3 26.8 14.5 27.9 14.8 28.2 14.4 27.4 15.3 26.9 

Sep 15.1 28.5 14.6 28.2 15 28.3 14.4 27.2 15.1 27.8 

Oct 14.2 30.2 13.3 30.1 13.9 29.2 14.4 29.3 14.25 28.85 

Nov 13.4 30 13.5 29.4 12.3 30.4 14.4 28.4 13.1 30.1 

Dec 12.6 30.1 13.4 29.7 9.4 33.1 14.4 28.6 11.3 31.2 

Source: Meteorology & Geospatial Research Department at Teppi Agricultural Research Center in 2019. 

 

Figure 1. Monthly rainfall (mm) of the study area (2011-2015)(Source: Meteorology & Geospatial Research Department at Teppi Agricultural Research 

Center in 2019). 

2.2. Eperimental Structure, Planting Materials and Crop 

Husbandry 

The treatments included sole stands of coffee and enset, 

four intercropping ratios of coffee and enset viz., coffee and 

enset in alternate rows (1:1), 2 rows of coffee to a row of 

enset (2:1), 3 rows of coffee to a row of enset (3:1), and a 

staggered planting of coffee with enset (i.e. four coffee trees 

were planted alternatively around the enset tree). The 

experiment was laid out in a randomized complete block 

design with three replications. Coffee seedlings were planted 

at a spacing of 2 m x 2 m both in the sole and intercropped 

plots, it was also planted in staggered fashion between rows 

of enset tree with the aforementioned spacing. One-year-old 

seedlings of local enset clone were planted on the field at the 

end of March when the rainfall was started at a spacing of 3 

m x 2 m and 2 m x 2 m in the sole and intercropped plots, 

respectively. Enset seedlings were transplanted in April 2011, 

the second round was transplanted in April 2013 before 

harvesting of the first round to retain its shade for the grown 

coffee. Whereas, the coffee seedlings were planted in June 

2011 based on the above-mentioned spacing accordingly. 

Among the lowland coffee variety (Catimor J-19) and local 

enset variety were used for this study. Coffee trees were 

trained in single stem and capped at 2 m height, undesirable 

laterally grown of branches and suckers were removed 

throughout the study. Except for the experimental variables, 

other field and crop management practices were applied for 

both crops as of the recommendation [5, 28, 29]. 

2.3. Data Collection and Crop Harvests 

Data on growth, yield, and yield-related traits of coffee were 

recorded from representative sample trees as per the scheduled 

periods, the sample trees were randomly selected only from the 

central rows of each experimental plots. With regard to enset, 

the yield and yield-related traits of enset data were recorded in 

2013 and 2015 cropping seasons since the crop needs two and 

half years for its maturation. Alike coffee, the enset data were 

recorded from randomly selected sample plants of each 

experimental plot. Although enset is usually harvested just 

before flowering, the preferred harvesting time is just when the 

plant flowers as reported by Steven et al. [30]. Accordingly, 

the enset plant was harvested when flowering starts and the 

yield was measured by taking the weight of the processable 

pseudo stem after the leaves and un-processable parts of the 

pseudo stems were removed. The pseudo-stem was also 

decorticated to separate the cortex from the fiber, after that the 

cortex was chopped to pieces. Besides, the corm was also up-

rooted, chopped, and added to the yield. Finally, the total 

weight was measured and preserved for 15 days of 

fermentation. After checking the fermented yield for its 

maturity, it was squeezed and measured their retrieval weights 

as dry kocho and wet bulla yields. 
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2.4. Land Equivalent Ratio (LER) 

The productivity of the intercropping system in terms of 

the land equivalent ratio (LER) was used [31-35], in order to 

measure the yield advantage of coffee-enset based cropping 

over the sole crops. Thus, LER was calculated by using the 

following formula; 

Land Equivalent Ratio (LER) = �������� +	�
���
���� 

Where, Y is the yields of component crops per unit area, 

Yii and Yjj sole crop yield of coffee and enset and Yij and Yji 

are intercropped yields of coffee and enset, respectively. 

When the value of LER shows >1, the intercropping system 

favors the growth and yield of the component crops. In 

contrast, if the value of LER demonstrates <1, the 

intercropping system negatively affects the growth and yield 

of the component crops grown in mixtures [36]. Besides, the 

interspecific competition becomes stronger compared with 

the interspecific interaction within the intercropping system 

when the value of LER < 1 [37]. 

2.5. Data Analysis 

The collected data were subjected to statistical analysis. 

Analyses of variance were carried out using SAS version 9.2 

English [38]. Significant differences between and or among 

treatments were delineated by Least Significant Differences 

(LSD) at 5% probability [39]. 

3. Results and Discussions 

3.1. Coffee 

The analysis of variance of this study revealed that the 

growth parameters of coffee were not significantly influenced 

by coffee-enset intercropping ratios in the course of the study 

period. However, the clean coffee yield was significantly 

(p<0.05) influenced by different planting ratios of coffee and 

enset intercropping. In all harvesting seasons, the clean 

coffee yield of the sole and staggered plots was significantly 

different from clean coffee yields obtained from intercropped 

plots, except the plot having with 3:1 coffee to enset ratio in 

2013 and 2014 harvesting seasons. Accordingly, the highest 

clean coffee yield in 2014 and 2015 harvesting seasons were 

obtained from a staggered planted coffee followed by a solely 

planted coffee, but in 2013 the highest clean coffee yield was 

found from a solely planted coffee (Table 2). On the contrary, 

the lowest clean coffee yield was recorded at an equal (1:1 

coffee to enset) intercropping ratio throughout the study 

period. Similarly, the mean yields of the clean coffee were 

also influenced by the different planting ratios of coffee and 

enset intercropping. Thus, the highest and lowest clean coffee 

yields were found from a solely planted coffee followed by a 

staggered planted coffee and from equally (1:1 coffee to 

enset) planted coffee, respectively (Table 2). The present 

findings are in line with the study results of Taye et al. [4] 

and Anteneh et al. [5]. 

Table 2. The mean clean coffee yield (kg ha-1) as influenced by intercropping 

with enset at Teppi in 2013, 2014 and 2015. 

Treatments 2013 2014 2015 Pooled Mean 

Sole Coffee 1142.70a 1072.33a 1429.60a 1214.88a 

Sole Enset - - - - 

1C: 1E 668.63c 792.83b 595.37d 685.61d 

2C: 1E 706.00c 799.30b 670.67cd 725.32cd 

3C: 1E 835.37bc 822.07b 825.03c 827.49c 

Staggered 998.40ab 959.07ab 1027.07b 994.84b 

LSD(0.05) * * * * 

CV (%) 12.42 10.50 9.32 6.10 

Means within a column followed by the same letter are not significantly 

different at the 5% level of the LSD test, * = p<0.05, NS = Non-Significant, 

C = Coffee, E = Enset, Staggered = 4:1 coffee to enset (farmers practice) 

The increased yield of clean coffee in the sole and 

staggered planting arrangement, it might be due to the 

increased population density of coffee trees, and the efficient 

utilization of the growth resources; viz., light, moisture, 

nutrients, etc. Similar result was observed in the previous 

works of Taye et al. [40], Van der vossen [41], Hamdollah 

[42], Paudel [43], Mekonnen et al. [44], Shamim and 

Mohammed [45]. They reported that the efficient utilization 

of the growth resources by the individual coffee plant could 

be the possible reason for the yield increment. On the other 

hand, the mean clean coffee yield of the individual trees at an 

equal (1:1 coffee to enset) intercropped plot was higher 

compared with other combinations. However, the mean clean 

coffee yield per unit area decreased as the population density 

of the coffee and enset plants per unit area decreased and 

increased, respectively. Because, the coffee yield is highly 

correlated with the population density of the coffee trees per 

unit area as observed by the previous works of Taye et al. 

[40], Mekonnen et al. [44], Braccini et al. [46], DaMatta 

[47], Endale et al. [48], Nigussie et al. [49]. 

3.2. Enset 

Most of the enset growth parameters were not significantly 

affected by different ratios of intercropping with coffee 

throughout the study periods. However, results of enset 

yields namely kocho and bulla are shown in Table 3. The 

results showed intercropping of coffee with enset in different 

planting ratios significantly affect kocho and bulla yield 

(P<0.05). Both in the 2013 and 2015 cropping seasons, the 

sole enset showed significantly higher yields of kocho and 

bulla compared with the intercropped treatments (Table 3). 

This result could be associated with a high population density 

of enset plants in the sole plot. Among the intercropped plots, 

the highest kocho (22,049 & 20321 kg ha
-1

) yield was 

recorded from 1:1 coffee to enset intercropped plot in 2013 

and 2015 cropping seasons, respectively. Similarly, the 

aforementioned treatment was also gave a higher bulla 

(765.4 & 629.6 kg ha
-1

) yield on the same cropping seasons. 

In the pooled mean, the highest kocho (21,185 kg ha
-1

) and 

bulla (697.5 kg ha
-1

) were found in 1:1 coffee to enset 

mixture followed by 2:1 coffee to enset mixture (17,954 kg 

kocho ha
-1

 & 518.4 kg bulla ha
-1

) (Table 3). The possible 

reason for the above results might be due to the high 
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population density of enset plants per unit area compared 

with other intercrops, and less inter-specific competition 

between enset and coffee for below and above ground growth 

factors viz., moisture, nutrients, space, and light. At the same 

time, the relative yields of kocho and bulla in the 

intercropped plots linearly declined with the increasing of the 

population density of coffee trees (Figures 2 & 3). This result 

is in line with the findings of other research studies of Taye et 

al. [4] and Anteneh et al. [5]. 

 

Figure 2. The relative yields of kocho as influenced by intercropping ratios of coffee and enset at Teppi in 2013 and 2015 harvesting seasons. 

 
Figure 3. The relative yields of bulla as influenced by intercropping ratios of coffee and enset at Teppi in 2013 and 2015 harvesting seasons. 

Table 3. The mean yields of enset (kocho and bulla) as influenced by 

intercropping with coffee at Teppi in 2013 and 2015. 

Treatments 2013 2015 Pooled Mean 

Kocho Yield (Kg ha-1) 

Sole Coffee - - - 

Sole Enset 43000.00a 45333.00a 44167.00a 

1C: 1E 22049.00b 20321.00b 21185.00b 

2C: 1E 18805.00bc 17104.00b 17954.00bc 

3C: 1E 15314.00cd 14438.00b 14876.00c 

Staggered 13464.00d 15642.00b 14553.00c 

LSD(0.05) * * * 

CV (%) 11.45 16.79 8.33 

Treatments 2013 2015 Pooled Mean 

Bulla Yield (Kg ha-1) 

Sole Coffee - - - 

Sole Enset 1825.00a 1644.40a 1734.70a 

1C: 1E 765.40b 629.60b 697.50b 

2C: 1E 632.20b 404.60b 518.40bc 

3C: 1E 435.20b 369.50b 402.40c 

Staggered 445.80b 562.60b 504.20bc 

LSD(0.05) * * * 

CV (%) 24.04 21.68 19.68 

Means within a column followed by the same letter are not significantly 

different at the 5% level of the LSD test, * = p<0.05, NS = Non-Significant, 

C = Coffee, E = Enset, Staggered = 4:1 coffee to enset (farmers practice). 
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3.3. Land Equivalent Ratio (LER) 

In this study, the LER value was significantly (P<0.05) 

influenced by different intercropping ratios of coffee and enset 

crops. In the 2013 harvesting calendar, the higher LER values 

(>1) were observed in all intercropping mixtures. The highest 

values of LER 1.22 and 1.18 were observed in 1:1 coffee to 

enset and staggered mixtures, respectively (Table 4). In the 

2015 harvesting calendar, the highest LER value was observed 

in staggered mixtures (1.35) followed by 1:1 coffee to enset 

mixture (1.02), while the value of 0.92 was observed in 2:1 

coffee to enset mixture (Table 4). Likewise, the pooled mean 

value of LER in all intercropping mixtures was greater than 

one, indicating the advantage of intercropping mixtures over 

the sole stands of the component crops. Thus, the highest LER 

value (1.29) was observed in the staggered mixture followed 

by 1:1 coffee to enset intercropping mixture (1.19) (Table 4). 

These results might be attributed to more efficient total 

resource exploitation and greater overall production as 

opposed to the other intercrop combinations [32, 37, 50]. 

On the other hand, it is also observed that the pooled mean 

value of LER in the intercrops ranged from 1.05 to 1.29, which 

indicates an additional 29% of extra area of land would have 

been needed to get an equal yield to planting coffee and enset 

in pure stands. This result is in line with the findings of other 

research studies of Taye et al. [4] and Anteneh et al. [5], who 

demonstrated the advantage of coffee intercropping with enset, 

orange, potato and spice crops, as well as a higher value of 

LER (>1) was also recorded. Similar results on different crops 

were also reported by several authors [4, 51-53]. 

Table 4. The land equivalent ratio (LER) and yield advantage of coffee 

intercropped with enset at Teppi in 2013 and 2015. 

Treatments 2013 2015 Pooled Mean 

Land Equivalent Ratio (LER) 

1C: 1E 1.22 1.02 1.19 

2C: 1E 1.05 0.92 1.05 

3C: 1E 1.08 0.99 1.07 

Staggered 1.18 1.35 1.29 

Yield Advantage of Coffee 

1C: 1E 0.59 0.42 0.49 

2C: 1E 0.62 0.47 0.54 

3C: 1E 0.73 0.58 0.65 

Staggered 0.87 0.72 0.79 

C = Coffee, E = Enset, Staggered = 4:1 coffee to enset (farmers practice). 

3.4. The Yield Advantage of Coffee 

The yield advantage of the intercrops was also determined 

along with the land equivalent ratio (LER) results. Based on 

the above-mentioned result, coffee and enset intercropping 

showed a higher yield advantage of coffee compared with the 

sole stand (Table 4). Besides, the yield advantage of coffee 

was also linearly increased along with the population density 

of coffee trees in the course of the study period. Thus, the 

best yield advantages of coffee (0.87, 0.89, and 0.72) were 

recorded from the treatment with a staggered planting 

arrangement in 2013, 2014, and 2015 harvesting calendar, 

respectively. In the pooled mean value, the highest yield 

advantage (0.82) was recorded similarly from the 

aforementioned treatment (Table 4). The higher yield 

advantage of the intercrops over the sole stand might be 

resulted from the compatibility of the component crops for 

efficiently utilization of the growth resources viz., light, 

moisture and nutrients [43, 51, 53-55]. In addition, the result 

could be associated with the different root and shoot 

structures of coffee and enset plants, which results different 

competitive ability of the component crops for growth 

resource utilization [21, 56]. The findings of this study in 

agreement with the previous research works of Kufa et al. 

[3], Taye et al. [4], Anteneh et al. [5] and Taye et al. [40]. 

4. Conclusions 

The results of this study revealed that the potential benefits 

of coffee-enset intercropping for enhanced crop and land 

productivity. Also, it indicated the suitability and 

compatibility of the component crops for intercropping. 

Accordingly, the highest clean coffee yield advantage was 

observed in the staggered plot followed by 3:1 coffee to enset 

plot. The mean values of land equivalent ratios in all 

intercropped plots were greater than one, which indicates the 

efficient utilization of growth resources viz., moisture, 

nutrients, sun lights, space, etc. The highest and lowest 

values of LER were recorded in the staggered and 2:1 coffee 

to enset plots, respectively. Thus, the staggered planting ratio 

followed by 3:1 coffee to enset ratio could be the appropriate 

intercropping arrangement for enhancing the productivity of 

the component crops, and advisable for farmers in the study 

area. Nevertheless, additional studies are required in different 

agro-ecologies of the country with an economic feasibility 

analysis to deliver a concrete recommendation. 
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