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Abstract 
Relay-intercropping is a type of multiple cropping system that ensures the maximum production of 

component crops (sorghum and chickpea) through wise use of farmland resource. Nowadays, the two key 

challenges of developing countries including Ethiopia are the fast growing food demand and lower rate of 

food crop production. West Hararge highlands of study site is a potential area for production of sorghum 

and chickpea and sorghum is main food crop. Hence, farmers have been producing these crops since right 

now but its production is so low mainly due to farmland scarcity. The lower rate of crop production due to 

farmland scarcity could be tackled through adopting compatible sorghum-chickpea relay-intercropping 

system enables the farmer to produce two or more crops on the same plot of land in one production year. 

However, this practice is not well adopted at study area of the west Hararghe highlands. Therefore, field 

study was aimed at evaluating compatibility of highland sorghum varieties for relay-intercropping with 

chickpea for maximum productivity of sorghum and chickpea. Treatments were composed of one chickpea 

variety relay-intercropped with eight varieties of highland sorghum (Jiru, Dibaba, Adelle, Chiro, Chelenko, 

AL70, Local & ETS-2752) at physiological maturity of sorghum varieties in 1:2 row arrangements (1row 

Sorghum: 2 row chickpea) uniformly forming eight combinations along with two sole crops (sorghum and 

chickpea) as control. Hence, a total of ten treatments were arranged in a randomized complete block design 

(RCBD) with three replications. According to analysis of variance, treatments were significantly (p < 0.01) 

affected the plant height, days to 50 % flowering, days to physiological maturity, dry biomass yield, grain 

yield and thousand seed weight of sorghum, and highly significantly (p < 0.01) affected stand count, 

number of pods per plant and grain yield of chickpea, however, plant height, number of seeds per pod and 

hundred seed weight of chickpea were non-significantly (p > 0.05) affected by the treatments. The highest 

4.21 tha-1 & 2.33 tha-1 grain yield of sorghum and chickpea respectively were recorded from relay-

intercropping 1row Jiru var. with 2 row Chickpea and sole chickpea respectively. With this result, the 

13.78 % extra grain yield of sorghum was recorded due to relay-intercropping over sole-cropping. Thus, 

relay-intercropping of 2 row Jiru var. with 2row chickpea showed best performance in grain yield of 

sorghum. Moreover, the highest total land equivalent ratio of 1.93 was recorded from relay-intercropping 1 

row Jiru var. with 2row Chickpea indicating yield advantage over sole-cropping system. In general, the 

result of this study confirmed that sorghum-chickpea relay-intercropping is best option to maximize the 

productivity of sorghum and chickpea. Therefore, since, the highest total land equivalent ratio was obtained 

from relay-intercropping1row Jiru var. with 2 row Chickpea for maximum productivity of component 

crops, then could be recommended for the study area of West Hararghe highlands. 

 

Keywords: Relay-intercropping, yield advantage, land equivalent ratio, land equivalent coefficient 

 

1. Introduction  

The sorghum [Sorghum bicolor (L.) Moench] crop is originated in Africa about 5000 years ago. 

Poehlman and Sleper (1995) [25] reported that the greatest genetic diversity in native sorghum is 

found in Ethiopia and adjacent areas of Northeast Africa. Ethiopia is probably the original home 

of sorghum and is the source of many wild and cultivated forms adapted to a wide range of 

growing conditions (ESIP, 1978). Sorghum [Sorghum bicolor (L.) Moench] is characterized by a 

diploid set of chromosomes (2n = 20) are several subspecies or races with different 

morphological and physiological characteristics (Zeller, 2000) [31]. Likewise, sorghum is 

belonging to Tribe Andropogonae of the family Poaceae.  
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The genus Sorghum classified into five subgenera: Eusorghum, 

Chaetosorghum, Heterosorghum, Para-sorghum and 

Stiposorghum (Garber, 1950) [11]. Dicko et al. (2006) [7] 

mentioned that the annual wild and domesticated sorghum are 

tropical origin C4 crop. It is generally self-pollinating, but 5-15 

% of plants can out-cross, and the flowers open during the night 

or early morning. Those at the top of the panicle open first and it 

takes approximately 6 to 9 days for the entire panicle to flower 

(Laidlaw and Godwin, 2009) [17] Kumara et al. (2011) [16] 

expressed that sorghum [Sorghum bicolor (L.)Moench] is the 

world’s fifth most important cereal crop after wheat, rice, maize 

and barley in terms of production. In the year 2014/15, sorghum 

production in the world was 60.46 million tons, and its 

production in 2015/16 was estimated to be 62.02 million tons 

which could represent an increase of 1.56 million tons or a 2.58 

% in sorghum production in the world (USDA, 2015) [30]. It is a 

staple food for more than half a billion people in the world, 60 

percent of whom are in Africa. It is a highly versatile crop with 

many uses including human food and animal feed, for brewing 

and bio-fuels. According to Degu et al. (2009) [6], sorghum 

[Sorghum bicolor (L.)Moench] is one of the most important 

cereal crops planted as food insurance in Ethiopia. Based on 

report of CSA (2017) [4], in Ethiopia, during 2016/17, sorghum 

accounted for 14.97% of the total of 87.31% area allotted to 

cereal (tef, maize, sorghum, and wheat) production. Similarly, as 

indicated from report of CSA (2017) [4], sorghum is the third 

important cereal after tef and maize in terms of area coverage 

and volume of production. It was grown on 1,881,970.73ha of 

land and grain yield during 2016/2017 "Meher" season was 

47,520,956.041 quintal) from the total production of 

253,847,239.63 quintal of major cereal crops (maize, tef, wheat, 

and sorghum). Moreover, the national estimated average grain 

yield of sorghum in Ethiopia is 2525 kgha-1 (CSA, 2017) [4]. In 

Ethiopia, sorghum is grown in almost all regions occupying an 

estimated total land area of 1.68 million ha and its national 

average productivity of 2.5 tons ha-1 (CSA, 2017) [4]. It covers 

16.36% of the total area allocated to grains (cereals, pulses, and 

oil crops) and 19.5% of the area covered by cereals. The 

chickpea, [Cicer arietinum (L.)] crop belongs to the family 

Fabaceae, within the tribe Cicerae. It is a self-pollinated, diploid, 

annual grain legume crop. Chickpea is grown in more than 50 

countries (89.7% area in Asia, 4.3% in Africa, 2.6% in Oceania, 

2.9 % in the Americas and 0.4% in Europe). India is the largest 

producer accounting for 64% of the total chickpea production. 

FAOSTAT (2012) [9] revealed that global production of chickpea 

is nearly 11 million tones and India is the major producer 

accounting for 64% of the total chickpea production. It is a 

major source of high quality protein in human diet and also 

provides high quality crop residues for animal feed. 

In Ethiopia, chickpea [Cicer arietinum (L.)] accounts more than 

17 % of legumes with a production of 0.47 million tons on an 

area of 258,486.29 ha (CSA, 2016) [4] with the engagement of 

over one million households. Chickpea also helps to maintain 

soil fertility through biological nitrogen fixation and contributes 

to the sustainability of cropping systems in the cereal-legume 

crop rotations. Relay-intercropping is the type of multiple 

cropping system refers to planting of succeeding crop before 

harvesting the preceding crop without leaving the land fallow 

between the two successive crops. In Ethiopia, crop production 

has been based on multiple cropping involving cereals and 

legume crops of diverse species, either in rotation or multiple 

cropping. As mentioned by Chandrasekaran et al. (2010) [32], 

multiple cropping is the practice of growing two or more crops 

on the same plot of land in one production year. Multiple 

cropping has long been practiced in different agro-ecologies of 

Ethiopia. For example, tef has been sparsely mixed intercropped 

with sorghum in the northern parts of the country, whereas 

maize has also been relay-intercropped with tef in the Southern 

parts of the country. Getachew et al. (2007) reported that in the 

Eastern parts of the Ethiopia, maize and sorghum are commonly 

mixed intercropped or row intercropped with common bean by 

peasant farmers In Ethiopia, traditionally, sorghum is cultivated 

in many cropping systems such as mono cropping, mixed and 

various forms of intercropping systems and in rotation with 

different crops. However, production and productivity of this 

crop has been limited to the lower levels, which is below 2 ton 

per hectare (CSA, 2011) [3].  

Likewise, West Hararge highlands of study site is sorghum 

potential area and sorghum is main food crop. In addition, at this 

study area, farmers have been growing sorghum as main food 

crop and chickpea since now, however, its annual production is 

so low to meet fast growing food demands mainly due to small 

farmland holding per individual farmer. The lower rate of crop 

production due to small farmland holding size could be tackled 

through adopting compatible sorghum-chickpea relay-

intercropping system ensures efficient land resource utilization 

that enabling the farmer to produce two or more crops on the 

same land in one production year. However, this practice is not 

well adopted at study area of West Hararghe highlands. 

Therefore, objective of the field study is to evaluate 

compatibility of high land sorghum varieties for relay-

intercropping with chickpea for maximum productivity of 

sorghum and chickpea for the study area of west Hararghe 

highlands. 

 

2. Materials and Method 

2.1. Experimental area description  

Field experiment was conducted from 2017-2019 cropping 

seasons at highland areas of west Hararge Zone. West Hararghe 

Zone is subdivided into three major climatic zones known to be 

highland locally known as Dega (12.49 %), mid-land or 

Woinadega (38%), and dry or Kola (49.5 %). The topography of 

the zone is characterized by steep slopes in the highlands and 

mid-plains in the lowland areas. Mean monthly minimum 

temperature ranging from 16 – 20 oC and maximum is 24-28 oC. 

Rainfall is dispersed the year in to two rainy seasons such as 

Belg from February to April and Meher or main season rains fall 

from June to September with small showers in dry months. 

Annual average rainfall ranges from below 700 mm for the 

lower Kolla to nearly 1,200 mm for the higher elevations of 

woinadega and dega areas.  

 

2.2 Treatments and Experimental Procedure 

Field study was carried out from 2017-2019 cropping season to 

evaluate the compatibility of highland sorghum varieties for 

relay cropping with chickpea for increased productivity of 

sorghum and chickpea. At physiological maturity of sorghum, 

one chickpea variety was relay-intercropped with eight highland 

sorghum varieties (Jiru, Dibaba, Adelle, Chiro, Chelenko, AL70, 

and ETS2752 & Local) at 1:2 row arrangement (1row sorghum: 

2row chickpea) uniformly as 1row sorghum with 2row chickpea 

forming eight combinations along with two sole crops (sorghum 

and chickpea) were used as control to evaluate the effect of 

relay-intercropping system. Thus, a total of ten cropping system 

treatments were arranged in a randomized complete block 

design (RCBD) with three replications. 

Both relay-inter-cropped as well as sole-cropped sorghum were 

planted at uniform planting spacing of 0.75 m and 0.25 m inter-
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row and intra-row respectively to accommodate a plant 

population of 53,332 ha-1. However, chickpea was relay-

intercropped with physiologically matured sorghum varieties at 

1:2 row arrangements as 1row sorghum with 2 row chickpea 

uniformly to accommodate a plant population of 187, 500 ha-1. 

However, a planting spacing of 0.4m and 0.1m inter-row and 

intra-row respectively were used for sole chickpea to have a 

plant population of 250,000ha-1
.
  

 

2.3. Land Preparation and Sowing  

Experimental field was well tilled, leveled and divided into three 

blocks and thirty (30) individual plots. The size of each plot was 

6m and 4m inter-row and intra-row spacing respectively. 

Spacing between an individual plots was 0.5m while between 

blocks was 1m. Seed sowing operation was done in two phases. 

In the first phase, sorghum seeds were sown on a well prepared 

plots at 0.75 m and 0.25 m inter-row and intra row spacing 

respectively. The planting spacing of 0.75 m and 0.25 m was 

used for both relay-intercropped as well as sole-cropped 

sorghum. In the second phase, chickpea seeds were inter-planted 

in rows of sorghum stand at physiological maturity of sorghum 

but before harvesting. Thus, at physiological maturity of 

sorghum, chickpea was relay-intercropped with sorghum 

varieties in 1:2 row arrangements uniformly as 1row sorghum 

with 2 row chickpea. A planting spacing of 0.4m x 0.1m was 

used for sole-cropped chickpea.  

 

2.4. Data Collection  

The sorghum [Sorghum bicolor (L.) Moench] component 

Under sorghum component, parameter data collected were 

composed of days to 50% flowering, days to physiological 

maturity, plant height, dry biomass yield, thousand seed weight 

and grain yield. Hence, days to 50 % flowering was recorded by 

counting the number of days from planting to the date at which 

50 % of the plants in a plot produced flower. Similarly, days to 

physiological maturity was determined by counting the number 

of days from planting until the date at which 90% of the panicles 

per plot reached physiological maturity. Plant height was 

measured from the ground level to the tip of five randomly taken 

plants from the net plot area at physiological maturity and the 

average values were taken for analysis. Dry biomass yield (tha-1) 

was also measured from the net plot area including leaves, stems 

and seeds which were harvested during physiological maturity 

and it was weighed after sun drying. Thousand seeds weight 

(g1000 seeds-1) was determined by taking weight of thousand 

seeds at 12.5% moisture content, weighed using sensitive 

balance and recorded in gram. Grain yield (tha-1) was estimated 

from net plot area and measured using sensitive balance and 

adjusted to 10% seed moisture content using a digital moisture 

tester and converted in to ton basis per hectare. Adjusted yield 

was calculated using Hellevang (1995) [33] formula.  

 

 
 

The chickpea [Cicer arietinum (L.)] component 

Under the chickpea component, parameter data collected were 

comprised a plant height, stand count, number of pods per plant, 

number of seeds per pod, hundred seed weight and grain yield. 

Plant height was determined at harvest maturity, after harvest 

ten randomly selected plants from the middle six rows of each 

plot were taken and the height of sample plant was measured 

using meter tape and total height of sample plants was divided 

by total sample plants and their average values were used for 

analysis. All yield and yield component data were collected at 

harvest. Number of pods per plant was determined by counting 

the total number of pods per plant from five randomly selected 

plants from middle rows of each plot and divided by sample 

plants and then average values were used for analysis. Number 

of seed per pod was determined by counting total number of 

seeds of ten sample plants from middle rows of each plot and 

divided by the total number of pod of sample plants and average 

values per pod were used for analysis. Hundred seed weight 

(g100seed-1) was determined by taking two samples of 100 seeds 

per plot and weighing using sensitive balance. Grain yield (tha-1) 

was measured using sensitive balance and then adjusted to 10 % 

seed moisture content using digital moisture tester and converted 

to hectare basis. Adjusted yield was calculated by using the 

following formula (Hellevang, 1995) [33].  

 

 
 

2.5. Evaluating the Effect of Relay-Intercropping System  

The effect of relay-intercropping in relation to yield advantage 

over the mono-cropping was estimated using land equivalent 

ratio (LER) and land equivalent coefficient (LEC) procedures. 

These procedures also used to compare relay-intercropping with 

sole cropping in relation to growth resource utilization. Hence, 

the benefit of relay-intercropping system as compared to sole-

cropping was evaluated in terms of land equivalent ratio and 

land equivalent coefficient and they expressed using the 

following formulas.  

 

 
 

Where YS and YCP are the yields of sorghum and chickpea as 

sole while YIS and YICP are the yields of relay-intercropped 

sorghum and chickpea respectively. Another procedure used to 

evaluate the advantage of relay-intercropping system over sole-

cropping was land equivalent coefficient (LEC) and expressed 

using the following formulas. 

 

 
 

2.6. Data Analysis 

All agronomic data collected were subjected to analysis of 

variance (ANOVA) and analyzed using R software (R 3.4.1) and 

Means that differ significantly were separated using the LSD 

procedure at 5% level of significance 

 

3. Results and Discussion 

The sorghum [Sorghum bicolor (L.) Moench] components 

3.1. Days to 50% flowering  

According to combined analysis of variance, cropping system 

treatments were differed significantly at P<0.01 probability level 

in days to 50% flowering of sorghum (Table 1). The analysis 

results of days to 50% flowering were arranged in an ascending 

orders: 126.67 days, 127.33 days, 128 days, 129 days, 130.67 

days & 138 days. Thus, due to treatment variability, results of 

days to 50% flowering were statistically different and ranged 

from 126.67-138 days (Table 1). The longest days to 50% 

flowering of 138 was recorded from relay-intercropping 1row 

Local sorghum with 2 row Chickpea whereas the shortest days 

to 50% flowering of 130 was obtained from sole-cropped 
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sorghum. The difference between the longest and shorter days to 

flowering was 8 days. This is showing that relay-intercropping 1 

row Local sorghum with 2row Chickpea took additional 8 days 

to reach its 50% flowering over sole sorghum.  

The longest days to 50% flowering of sorghum due to relay-

intercropping might be due to compatibility and absence of 

interspecific competition between component crops for growth 

resources. In addition, the longest days to 50% flowering from 

relay-intercropped local sorghum with chickpea might be due to 

genetic makeup of local sorghum influencing it to use the 

longest number of days to reach its 50% flowering when relay-

intercropped with chickpea. As it is being a local sorghum 

variety, needs additional number of days to reach its 50% 

flowering than the rest relay-intercropped sorghum varieties 

over sole-cropped sorghum. On the other hand, with this result, 

sorghum-chickpea relay-intercropped combinations such as 

1row Dibaba with 2 row Chickpea, 1 row Adelle with 2row 

Chickpea, 1row ETS- 2752 with 2row Chickpea and 1row Al-70 

with 2 row Chickpea were shared statistically similar grade in 

days to 50% flowering of sorghum.  

 

3.2. Days to Physiological Maturity 

According to analysis of variance, days to physiological 

maturity of sorghum was highly significantly (P<0.01) 

influenced due to treatment effect (Table 1). For further 

comparison, the analysis results of days to physiological 

maturity were arranged in an increasing order of values: 183 

days, 191 days, 193.33 days, 194.67 days, 197.67 days, 198 days 

& 209.67 days (Table 1). Hence, analysis results of days to 

physiological maturity were statistically differed and ranged 

from 183 - 209.67days (Table 1).  

The longest days to physiological maturity of 209.67 was 

recorded from relay-intercropped sorghum at 1row Local 

sorghum var. with 2 row Chickpea while the shortest days to 

physiological maturity of 198 was obtained from sole-cropped 

sorghum (Table 1). The range between the longest and shortest 

days to physiological maturity was about 12 days, which is 

indicating that relay-intercropped sorghum was reaches its 

physiological maturity after 12 days of sole sorghum. Among 

sorghum-chickpea relay-intercropped combinations, 1row Local 

sorghum var. with 2row Chickpea was caused the longest days 

to physiological maturity. The reason why among sorghum-

chickpea relay-intercropped combinations, the longest days to 

physiological maturity was recorded from relay-intercropped 

local sorghum was might be due to genetic makeup of local 

sorghum enabled it to use the longest number days to reach its 

physiological maturity when relay-intercropped with chickpea 

over sole sorghum, and also could be due to absence 

interspecific competition between component crops for growth 

resource utilization.  

 

3.2. Plant Height (m)  

The combined analysis of variance showed that cropping system 

treatments were varied significantly at p < 0.01 probability level 

in plant height of sorghum (Table 1). The analysis results of 

plant height were 2.80m, 2.83m, 2.93m, 3m, 3.10m, 3.13m & 

3.17m. Thus, analysis results were statistically differed and 

ranged from 2.80 - 3.17m. The tallest plant height of 3.17m was 

recorded from relay-intercropping of 1row Jiru var. with 2row 

Chickpea followed by 3.13m from 1row Adelle var. with 2row 

Chickpea & 3.1m from 1row Chelenko var. with 2row 

Chickpea, and they were not statistically different (Table 1). 

However, the shortest plant height of 3m was recorded from 

sole-cropped sorghum (Table 1). 

The difference between leading tallest and the shortest plant 

height was 0.17m. This is also indicating that due to relay-

intercropping the plant height of sorghum was increased by 

5.36% over sole-cropping. On the contrary, the plant height of 

sorghum was reduced by 5.36% due to sole-cropping. The tallest 

plant height of sorghum due to relay-intercropping might be due 

to compatibility between component crops and also could be due 

to absence of interspecific competition between component 

crops for growth resource utilization.  

The tallest plant height of sorghum due to relay-intercropping 

over sol-cropping was in line with the finding of Enyi (1973) [8] 

reported that intercropping sorghum with cowpea/ or pigeon pea 

tended to increase its height. Similarly in agreement with the 

report of Ibrahim (1994) [15], most mixtures showed higher plant 

height than sole cropped one. According to finding of Merkeb et 

al. (2016) [22] who reported that highest plant height was 

recorded from sorghum-groundnut relay-intercropping in single 

and double alternate row arrangements. Hence, among sorghum-

chickpea relay-intercropped combinations, 1row Jiru var. with 

2row Chickpea followed by 1row Adelle var. with 2row 

Chickpea & 1row Chelenko var. with 2row Chickpea were 

showed the best performance in plant height of sorghum. 

 

3.4. Dry Biomass Yield (tha-1) 

According to analysis of variance, cropping system treatments 

were differed significantly at p < 0.05 probability level in dry 

biomass yield of sorghum (Table 1). The analysis results of 

13.63 tha-1, 15.72 tha-1, 15.78 tha-11, 16.15 tha-1 16.34 tha-1, 

16.52 tha-1, 17.63 tha-1 & 18.74 tha-1 were statistically different 

and ranged from 13.63-18.74 tha-1. With this, the highest dry 

biomass yield of 18.74tha-`was recorded from relay-

intercropping 1row Jiru var. with 2row Chickpea while the 

lower dry biomass yield of 15.78 tha-1 was obtained from sole-

cropped sorghum (Table 1). The range between the highest and 

lower dry biomass yield was 2.96 tha-1. This is to show that dry 

biomass yield of sorghum was increased by 15.80% due to 

relay-intercropping over sole-cropping. On the contrary, dry 

biomass yield of sorghum was reduced by 15.80% due to sole-

cropping. The highest dry biomass yield of sorghum due to 

relay-intercropping was might be due to compatibility and 

absence of interspecific competition between component crops 

for growth resources. Generally, relay-intercropping of 1row 

Jiru var. with 2row Chickpea showed best performance over the 

rest combinations evaluated in dry biomass yield of sorghum. 

Sorghum-chickpea. Relay-intercropped combinations such as 1 

row Dibaba var, with 2row Chickpea, 1row Chiro var. with 2 

row Chickpea, 1row Chelenko var. with 2row Chickpea, 1row 

AL70 var. with 2row Chickpea were statistically at par with sole 

sorghum in dry biomass yield of sorghum.  

 

3.5. Thousand Seeds Weight (g 1000seed-1)  

The combined analysis of variance showed that the thousand 

seed weight of sorghum was significantly (p < 0.01) affected by 

the cropping system treatments (Table 1). The analysis results of 

thousand seed weight were 28.17g, 30g, 31.67g, 33.33g, 35g, 

36.67g, 38.33g &40g. Hence, analysis results were statistically 

dissimilar one another and ranged from 28.17-40g. The highest 

mean thousand seeds weight of 40g was recorded from relay-

intercropping 1row Dibaba var. with 2 row Chickpea followed 

by 38.33g from 1row Jiru var. with 2 row Chickpea, 36.67g 

from 1row Adelle var. with 2row Chickpea & 1row Chelenko 

var. with 2 row Chickpea and 35g from 1row AL70 var. with 

2row Chickpea while the lower thousand seed weight of 30g 

was obtained from sole-cropped sorghum (Table 1). 
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The range between the leading highest and lower thousand seeds 

weight of sorghum was 10g. This increment in thousand seeds 

weight of sorghum due to relay-intercropping over sole-cropping 

was 25%. The highest thousand seeds weight of sorghum due to 

relay-intercropping could be due to absence of interspecific 

competition between component crops for growth resource 

utilization. In general, relay-intercropping 1row Dibaba var. 

with 2row Chickpea was superior over rest treatment 

combinations in thousand seeds weight of sorghum. Again, with 

this result, relay-intercropping of 1row ETS-2752 var. with 2row 

Chickpea and sole sorghum were statistically at par in thousand 

seed weight of sorghum (Table 1). 

 

3.6. Grain Yield (tha-1) 

According to combined analysis of variance, treatments were 

highly significantly (P<0.01) differed in grain yield of sorghum 

(Table 2). The analysis grain yield results of 2.77 tha-1, 2.82tha-1, 

2.87tha-1, 3.09tha-1, 3.35 tha-1, 3.38tha-1, 3.6 tha-1 & 4, 21tha-1 

were statistically varied one another and ranged from 2.77 - 

4.21tha-1. The highest grain yield of 4.21tha-1 was recorded from 

relay-intercropped sorghum at 1row Jiru + 2row Chickpea while 

the lower grain yield of 3.63tha-1 was obtained from sole-

cropped sorghum (Table 1). The range between the highest and 

lower grain yield was about 0.58tha-1 indicating yield advantage 

of 13.78% due to relay-intercropping over mono-cropping. On 

the contrary, grain yield of sorghum was reduced by 13.78% due 

to sole-cropping.  

The yield advantage due to relay-intercropping over mono-

cropping was in agreement with the finding of Nyambo et al 

(1980) [34] who reported that relay-intercropped sorghum with 

soybean gave 59% more return per hectare than mono cropped 

sorghum. Salih (2002) [26] also reported that the grain yield of 

sorghum was increased when intercropped with soybean. 

Similarly, another supporting idea was reported by Merkeb et al. 

(2016) [22] who mentioned that relay-intercropping of sorghum 

with groundnut in single and double alternate row arrangement 

was gave significantly higher grain yield of sorghum.  

The highest grain yield of sorghum due to relay-intercropping 

could be due to complementarity between sorghum and 

chickpea. This idea is agreed with the finding of Aliyu and 

Emechebe (2006) [2] who revealed that higher grain yield may be 

attributed to the effectiveness of cropping system. Another 

reason for this also could be due to efficiently use of growth 

resources and conversion ability to the grain yield. Hence, relay-

intercropping 1row Jiru var. with 2row Chickpea was superior 

over the rest treatments. Nevertheless, all sorghum-chickpea 

relay-intercropped combinations except 1row Jiru var. with 

2row Chickpea were caused reduced grain yield as compared to 

sole-cropped sorghum. It could be due to incompatibility and 

presence of interspecific completion between components crops 

for growth resource utilization.  

 
Table 1: Combined mean days to flowering, days to physiological maturity, plant height, dry bio-mass yield, thousand seeds weight and grain yield 

of sorghum influenced by the cropping system treatments 
 

Cropping Systems Treatments 
Days to 50% 

flowering 

Days to 

Maturity 

Plant Height 

(m) 

Dry Biomass yield 

(tha-1) 

Thousand seed 

weight (g) 

Grain Yield 

(tha-1) 

1 Row Jiru var. + 2 Row Chickpea 126.67c 193.33d 3.17a 18.74a 38.33ab 4.21a 

1 Row Dibaba var, + 2 Row Chickpea 127.33bc 191.00e 3.00bc 16.34b 40.00a 3.38bc 

1 Row Adelle var. + 2 Row Chickpea 129.00bc 198.00b 3.13ab 17.63ab 36.67abc 3.35bcd 

1 Row Chiro var. + 2 Row Chickpea 130.67b 183.00f 3.00bc 16.52b 33.33bcde 2.87cde 

1 Row Chelenko var. + 2 Row Chickpea 130.67b 194.67c 3.10ab 16.15b 36.67abc 3.09cde 

1 Row AL70 var. + 2 Row Chickpea 127.33bc 183.00f 2.80d 16.52b 35.00abcd 2.77e 

1 Row ETS2752 var. + 2 Row Chickpea 128.00bc 197.67b 2.83d 15.72bc 31.67cde 2.82de 

1 Row Local sorghum + 2 Row Chickpea 138.00a 209.67a 2.93cd 13.63c 28.17e 2.87cde 

Sole chickpea 0 0 0 0 0 0 

Sole sorghum 130.00bc 198b 3.00bc 15.78b 30.00de 3.63b 

LSD (0.05) 3.44 0.83 0.140 2.11 5.22 0.53 

CV % 7.55 5.25 8.69 7.53 8.87 9.2 

Significant level ** ** ** * ** ** 

Var (variety) 

 

The chickpea [Cicer arietinum (L.)] components  

3.1. Plant Height (cm) 

According to the analysis of variance, treatments were showed 

non significant (p > 0.05) difference for plant height of chickpea 

(Table 2). Non-significant difference between cropping system 

treatments for plant height of chickpea was might be due to 

incompatibility between component crops.  

 

3.2. Stand Count per Plot 

The combined stand count at harvest of chickpea was differed 

significantly at p < 0.001 probability level due to treatment 

difference effect (Table 2). With this, the analysis results of 

stand count per plot of 130, 131, 149, 167, 168, 169, 171, 187 & 

260 were arranged in an ascending order to compare one another 

(Table 2) and ranged from 130-260 per plot. From this, the 

highest stand count per plot of 260 was recorded from the sole-

cropped chickpea while the lowest stand count per plot of 130 & 

131 were obtained from relay-intercropped chickpea at 1row 

Chelenko var. with 2row Chickpea and 1row Local sorghum 

with 2row Chickpea combinations respectively, and they were 

statistically at par (Table 2). The range between the highest and 

the lowest stand count per plot were 130 & 129 per plot.  

Sorghum-chickpea relay-intercropping combinations such as 1 

row Dibaba var. with 2row Chickpea, 1 row Adelle var. with 2 

row Chickpea, 1row Chiro var. with 2 row Chickpea, 1row 

AL70 var. with 2row Chickpea and 1 row ETS2752 var. with 

2row Chickpea were not statistically different from one another 

in stand count of chickpea (Table 2). Similarly, 1 Row 

Chelenkovar with 2 Row Chick and 1 Row Local sorghum with 

2Row Chickpea combinations were also caused statistically at 

par stand count of chickpea. The highest stand count per plot of 

chickpea due to sole-cropping might be due to having dense 

plant population per hectare because of absence of shading 

effect and interspecific competition for resources, however, the 

reverse is true for relay-intercropped combinations with lowest 

stand count per plot of chickpea. 
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3.3. Number of Pods per Plant  

The number of pods per plant of chickpea was highly 

significantly (p < 0.001) affected by the treatments (Table 2). In 

line with the finding of Lulie et al. (2016) [19] who reported that 

cropping system had significant (p < 0.05) effect on number of 

pods per plant. The analysis results of pod number per plant (88, 

89, 90, 91, 109, 116, 126, 147 & 243) were statistically 

dissimilar and ranged from 88-243 per plant. The highest 

number of pod per plant of 243 was obtained from the sole 

chickpea while the lowest number of pods per plant of 88, 89, 90 

& 91 respectively were obtained from relay-intercropping 1row 

Dibaba var. with 2row Chickpea, 1row Chiro var. with 2row 

Chickpea, 1row Local sorghum with 2row Chickpea and 1row 

ETS2752 var. with 2row Chickpea combinations respectively 

and they were statistically at par (Table 2).  

The difference between the highest and lowest number of pods 

per plant was from 152-155. This is indicating that the number 

of pods per plant of chickpea was increased from 62.55- 63.79% 

due to sole-cropping over the relay-intercropping. On the 

contrary, the pod number per plant of chickpea was reduced 

from 63.79-62.55% due to relay-intercropping. The highest pod 

number per plant from sole-cropped chickpea was could be due 

to absence of interspecific competition for resources and could 

be due to efficiently use of growth resources (sun light, water, 

plant nutrient etc.) to enhance maximum pod production. Since 

it was mono-cropped there was no shading effect against it then, 

growth and pod production of sole-cropped chickpea was so 

good.  

The production of lowest number of pods per plant of chickpea 

due to relay-intercropping over might be due to presence of 

severe interspecific competition between sorghum and chickpea 

for growth resources. Reduction in pod number per plant of 

chickpea due to relay-intercropping was in agreement with the 

report of Subramanian and Rao (1980) [36] who revealed that 

intercropped pigeon pea with sorghum was showed that number 

of pods per plant in intercropped pigeon pea was less than the 

sole crop. Similarly, Ghosh (2004) [13] reported that pod number 

of groundnut was lower in groundnut-cereal intercropped than in 

monoculture. However, reduction in pod number of chickpea 

due to relay-intercropping could be due to incompatibility and 

presence of interspecific competition between sorghum and 

chickpea for resources and also could be due to shading effect 

due to taller crop/or sorghum. Taller crop suppresses growth of 

dwarf crop and negatively affect pod production. In line with the 

result of Hassan and Nader (1980) [37] who found that 

intercropping maize with pigeon pea inhibited vegetative growth 

of pigeon pea in comparison with mono-cultural pigeon pea.  

 

3.4. Number of Seeds per Pod 

The analysis of variance showed that the number of seeds per 

pod were non-significantly (p > 0.05) affected by the treatments 

(Table 2). With this, non-significant difference between 

cropping system treatments for number of seeds per pod of 

chickpea was might be due to incompatibility between sorghum 

and chickpea crops.  

 

3.5. Hundred Seed Weight (g 100seeds-1) 

Based on the analysis of variance, the hundred seed weight of 

chickpea was non-significantly (p > 0.05) influenced due to 

treatment effect (Table 2). Non-significant difference between 

cropping system treatments for hundred seed weight of chickpea 

was might be due to incompatibility between sorghum and 

chickpea crops.  

 

3.6. Grain Yield (tha-1) 

According to combined analysis of variance, cropping system 

treatments were differed significantly at p < 0.001 probability 

level in grain yield of chickpea (Table 2).The analysis grain 

yield results of 1.07 tha-1, 1.09 tha-1, 1.24 tha-1, 1.29 tha-1, 1.40 

tha-1, 1.45 tha-1, 1.80 tha-1 & 2.33 tha-1 were statistically varied 

and ranged from 1.07-2.33tha-1 (Table 2). Hence, the highest 

grain yield of 2.33 tha-1 was recorded from sole-cropped 

chickpea whereas the lowest grain yield of 1.07 tha-1 was 

obtained from relay-intercropped chickpea at 1row Chiro var. 

with 2row Chickpea (Table 2). The difference between the 

highest and lowest grain yield of chickpea was 1.26 tha-1.This is 

showing that grain yield of chickpea was increased by 54.08% 

due to sole-cropping over relay-intercropping. This result is in 

line with the finding of Merkeb et al. (2016) [22] who reported 

that both soybean and groundnut planted as pure stands were 

caused greater yield than produced from intercropped with 

sorghum.  

The highest grain yield from sole chickpea was could be due to 

absence of interspecific competition for growth resources 

utilization and also could be due to efficiently use of growth 

resources and conversion ability to the grain yield. In agreement 

with the finding of Merkeb et al., (2016) [22] who reported that 

the higher yield of sole soybean and groundnut could be 

attributed to the least competition in pure standsand as compared 

to intercropped with sorghum. Another reason also could be due 

to absence of shading effect by taller crop which suppresses 

growth of dwarf crop. This is in agreement with finding of 

Ljoyah M. O (2014) [18] who reported that higher yield of 

soybean form sole cropping than that of produced from 

intercropped soybean was due to shading effect of maize over 

soybean.  

In addition, reduction in grain yield of chickpea due to relay-

intercropping with sorghum was in line with the report of Reddy 

(1980) [35] who expressed that yield of pigeon pea in other mixed 

stands was greatly decreased, especially intercropping of 

sorghum with cow pea. The lowest grain yield production due to 

relay-intercropped chickpea could be due to incompatibility and 

presence of interspecific competition between sorghum and 

chickpea for growth resources. In line with the report of Merkeb 

et al. (2016) [22] who revealed that grain yield of groundnut was 

recorded relatively lower from intercropping with sorghum due 

to severe competition for growth resources.  

Muoneke et al. (2007) [23] also reported that grain yield 

reduction in soybean intercropped with maize and sorghum was 

attributed the yield depression due to interspecific competition 

and depressive effect of the cereal. Shading effect due to taller 

crop also could be another reason for lowest grain yield from 

relay-intercropped chickpea since shading effect due to taller 

crop suppresses growth of dwarf crop. 
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Table 2: Combined mean, plant height, stand count, number of pods per plant, number of seeds per pod, hundred seed weight and grain yield of 

chickpea influenced by the cropping system/treatments 
 

Cropping system Treatments 
Plant Height 

(cm) 

Stand Count 

per Plot 

Number of Pods 

per Plant 

Number of Seeds per 

Pod 

Hundred Seed 

Weight (g) 

Grain Yield 

(tha-1) 

1 Row Jiru var. + 2 Row Chickpea 49.93 187b 147b 2.00 29.63 1.80b 

1 Row Dibaba var. + 2 Row Chickpea 50.87 169bc 88c 2.00 26.13 1.09de 

1 Row Adelle var. + 2 Row Chickpea 47.33 167bc 126bc 1.67 25.10 1.40c 

1 Row Chiro var. + 2 Row Chickpea 43.67 149bc 89c 1.67 28.27 1.07e 

1 RowChelenkovar. + 2Row Chickpea 49.00 130c 116bc 2.00 26.50 1.24cde 

1 Row AL70 var. + 2 Row Chickpea 53.20 171bc 109bc 2.00 27.43 1.45c 

1 RowETS2752var.+ 2 Row Chickpea 51.87 168bc 91c 1.67 26.23 1.29cd 

1 Row Localsorghum + 2 Row Chickpea 50.07 131c 90c 2.00 27.67 1.09de 

Sole chickpea 57.87 260a 243a 2.00 26.00 2.33a 

Sole sorghum 0 0 0 0 0 0 

LSD (0.05) 6.78 42.90 38.76 0.58 4.36 0.23 

CV% 7.77 13.84 18.32 17.65 9.33 9.21 

Significant level NS *** *** NS NS *** 

Var (variety) 

 

Evaluating the Effect of Relay-Intercropping System 

The cereal-legume relay-intercropping practice is one of the 

multiple cropping system which plays vital role in maximizing 

the productivity and production of the component crops per unit 

area through efficient land resource utilization over mono-

cropping. It is in constituent with the report of Sullivan (2003) 
[28] who mentioned that one of the most important reasons for 

relay-intercropping system ensures an increased and diverse 

productivity per unit area over sole-cropping. Hence, evaluating 

effectiveness of the relay-intercropping system is worthy and a 

must. So the benefit of the relay-intercropping system was 

evaluated using land equivalent ratio (LER) and land equivalent 

coefficient (LEC) procedures. 

 

Land Equivalent Ratio (LER) 

Based on the result of this study, the total land equivalent ratio 

values of 1.25, 1.26, 1.33, 1.38, 1.4, 1.52 & 1.93 were ranged 

from 1.25 - 1.93. Thus, the highest total land equivalent ratio of 

1.93 was recorded from relay-intercropping 1row Jiru var. with 

2row Chickpea while the lowest total land equivalent ratio of 

1.25 was obtained from relay-intercropping 1row Chiro var with 

2row Chickpea combinations (Table 2). As the total land 

equivalent ratio values from 1.25 -1.93 were greater than 1.00, 

indicating the advantage of relay-intercropping system over the 

sole cropping. This is in agreement with the finding of Natarajan 

and Willey (1986); Sullivan (2001) [27] who reported that total 

land equivalent ratio values greater than 1.00 show advantage of 

intercropping while below 1.00 show disadvantage. Therefore, 

the highest total land equivalent ratio of 1.93 obtained from 

relay-intercropping 1row Jiru var. with 2row Chickpea was the 

best cropping system to maximize the productivity and 

production of the component crops over the sole-cropping and 

then recommended for the study area.  

 

Land Equivalent Coefficient (LEC) 

Similarly, the result of this study showed that all land equivalent 

coefficient values of 0.36. 0.37, 0.43, 0.44, 0.45, 0.46, 0.55 and 

0.89 due to sorghum-chickpea relay-intercropping was ranged 

between 0.36-0.89. Hence, sorghum-chickpea relay-

intercropping system was caused the land equivalent coefficient 

values from 0.36 - 0.89 and they were greater than 0.25 (25%) 

indicating yield advantage over sole-cropping (Table 3).This is 

in agreement with the report of Adetiloye et al. (1983) [1] who 

explained that minimum expected productivity coefficient (25%) 

for two-crop combination is a yield advantage obtained when 

land equivalent coefficient values greater than 0.25.  

Hence with this result, all sorghum-chickpea relay-intercropping 

arrangements caused land equivalent coefficient values of 

greater than 0.25 (25%) indicating yield advantage over sole 

cropping, which is in consistent with the finding of Egbe (2005) 

who reported that LEC values greater than the critical in 

intercropped sorghum-haricot bean at different row 

arrangements. 

 
Table 3: Grain yield, Land equivalent ratio (LER) and Land equivalent coefficient (LEC) for sole-cropped and relay-intercropped sorghum with 

chickpea 
 

 

Cropping System Treatments 

 

Mix 

Proportion 

Grain yield (tha-1) 
Land Equivalent Ratio 

(LER) 
 

Land Equivalent 

coefficient (LEC) 
Sorghum Chickpea Total Sorghum Chickpea Tler 

Sole Chickpea 100 0 2.33 2.33 0 1.00 1.00 0 

Sole Sorghum 100 3.63 0 3.63 1.00 0 1.00 0 

1 Row Jiru var. + 2 Row Chickpea 1:2 4.21 1.80 6.01 1.16 0.77 1.93 0.89 

1 Row Dibaba var. + 2 Row Chickpea 1:2 3.38 1.09 4.47 0.93 0.47 1.40 0.44 

1 Row Adelle var. + 2 Row Chickpea 1:2 3.35 1.4 4.75 0.92 0.60 1.52 0.55 

1 Row Chiro var. + 2 Row Chickpea 1:2 2.87 1.07 3.94 0.79 0.46 1.25 0.36 

1 Row Chelenko + 2 Row Chickpea 1:2 3.09 1.24 4.33 0.85 0.53 1.38 0.45 

1 Row AL-70 var. + 2 Row Chickpea 1:2 2.77 1.45 4.22 0.76 0.62 1.38 0.46 

1 Row ETS-2752 var. + 2 Ro Chickpea 1:2 2.82 1.29 4.11 0.78 0.55 1.33 0.43 

1 Row Local sorghum +2 Row Chickpea 1:2 2.87 1.09 3.96 0.79 0.47 1.26 0.37 
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4. Conclusion and Recommendation 

Relay-intercropping is a type of multiple cropping system that 

ensures the maximum crop production through enabling to 

produce two or more crops on the same plot of land in one 

production year. Nowadays, the two key challenges of 

developing countries including Ethiopia and study area of the 

west Hararghe highlands, are fast growing food demand and 

lower rate of food crop production. West Hararge highlands of 

study site is potential area for production of sorghum and 

chickpea and sorghum is main food crop. At study area, farmers 

have been producing these crops since right now. However, 

annual food crop production is at lower rate to meet fast growing 

food demands mainly due to small farmland holding size per 

individual farmer. The low food crop production problems could 

be tackled through adoption of cereal-legume multiple cropping 

that is compatible sorghum-chickpea relay-cropping system to 

maximize crop production per unit area as it ensures efficient 

land resource utilization enabling the farmer to produce two or 

more crops on the same plot of land in one cropping year. 

Therefore, based on the result of this study, the highest total land 

equivalent ratio was recorded from relay-intercropping of 1row 

Jiru var. with 2row Chickpea for maximum productivity of 

sorghum and chickpea and then recommended for the study area 

of west Hararghe highlands.  
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