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ABSTRACT 
 
Limited farmland size owned by smallholding farmer is one of the challenges to increase crop 
production and productivity at Jimma area in particular and in the country at large.  
Accordingly, famers have a long standing traditional knowledge of growing multiple crops in 
different cropping patterns. Intercropping is one of the crop combination systems practiced by 
resource poor farmers to increase crop production per unit area of land per year and reduce 
the risks to food and cash sources. However, research information is scanty on optimum 
intercropping technology options for irrigated agriculture. Hence, this study was conducted at 
the Jimma Agricultural Research Center in 2014 with the objectives to determine the effects of 
component density of maize and common bean varieties on growth, yield and yield components 
of the associated crops and on their productivity, To identify the best performed common bean 
variety with component population density that maximizes productivity of maize and common 
bean under Jimma conditions; and To identify economically suitable maize-bean intercropping 
system under Jimma conditions, southwest Ethiopia. The experiment was conducted in factorial 
experiment arranged in a Randomized Complete Block Design of three replications. The 
treatment combinations included six component densities (100% * 17.7%, 100% * 26.7%, 
100% * 53.3%, 75% * 17.7%, 75% * 26.7%, 75% * 53.3%) of hybrid maize and common bean 
respectively, and two common bean varieties (Nasir and Local Asendabo) along with sole 
maize and common bean varieties. Data on some soil chemical properties, phenology, growth, 
yield and yield components of the two crops as well as system productivity and economic 
benefits were recorded and analyzed. The analysis of variance showed that the interaction 
effects of bean varieties and component population densities as well as the main effects were 
comparable on the phenology of maize and common beans, except the main effects of varieties 
indicated significant variation on days to 50% emergency of common bean. All yield and yield 
components showed significant effect due to the main effect of common bean variety, 
component density and interaction effects of the main effects on maize and common bean. 
Conversely, harvest index of maize showed significant effect only due to component density. In 
general, the yield obtained from the mean intercropped maize 4990 kg/ha was greater than the 
mean yield obtained from sole cropped maize 4790 kg/ha. However, the yield obtained from the 
mean intercrop common bean 697 kg/ha was less than the yield obtained from sole crop 
2,177kgt/ha. Moreover, Land Equivalent Ratio (LER), Gross Monetary Value (GMV) and 
Monetary Advantage (MV) showed significant variation due to the main effects of common 
bean varieties, component density and the interaction of them. The highest LER (1.90) and 
Monetary Advantage (MV) (3710.73 Birr) were obtained when 100% maize population density 
intercropped with 26.7% Nasir common bean population density. The results showed that 
intercropping maize with common beans was advantageous than sole cropping of either of 
each crop; particularly during the summer season when production during main season is 
running out and shortage of food supply occurred. Generally, the findings clearly depicted that 
intercropping of hybrid maize and common beans had more yield and monetary benefits. In 
general maize 100% population density intercropped with 26.7% population density of Nasir 
common bean variety; and as an alternative: - Maize with 75% population density 
intercropped with 53.3% population density of both varieties of common beans make farmers 
benefited from the system. Nonetheless, further investigations are required to generate reliable 
technologies and draw recommendations on irrigated maize-beans production systems. 
Key words: Irrigation, Density, Monetary value, Land equivalent ratio 
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1. INTRODUCTION 
 

Suitable land area for food production through most parts of the world remains fixed and may 

even be decreasing, and it is becoming more important to raise crop productivity in order to 

meet the increasing food requirements of an increasing population all over the world 

(Midmore, 1993). Most of the developing nations lie in the tropical region and the population 

pressure is felt more acutely by these developing countries since the rate of population growth 

is higher and economic development is unable to keep pace with it (Palaniappan, 1985). Thus, 

the only way to increase agricultural production is to increase yield per unit area (Tamiru, 

2013).   

 

Maize (Zea mays L.; Poacceae) is the most important cereal after wheat and rice with regards 

to cultivation area in the world (Osagie, 1998). In Ethiopia, it is one of the major staple crops 

ranking first in yield potential per hectare and fourth in total area after teff (Eragrostis tef), 

barley and sorghum. Maize is the staple crop with the greatest production at 4.2 million tons 

in 2007/08, compared to teff at 3.0 million tons and sorghum at 2.7 million tons (IFPRI, 

2010). The production obtained from maize in Ethiopia in 2012/13 is 2,013,044.93ha with the 

total production of 6,158,317,595kg and productivity of 3059 kg/ha (CSA, 2013). This was 

why Benti et al. (1997) explained that the annual production and productivity of maize 

exceeded all other crops grown in Ethiopia with the exception of teff in terms of area 

coverage.   
 

Common bean (Phaseolus vulgaris L.) is a major food legumes and ranks third most 

important worldwide food crop next to soybean and peanut (Singh, 1989). It is an important 

pulse crop distributed and grown in different parts of Ethiopia depending on climatic and 

socio-economic factors (Tenaw, 1990).  In terms of area, Kenya is the leading producer of 

common bean in Africa followed by Uganda and then Tanzania, Malawi and Ethiopia rank 

eighth and ninth, respectively (FAO, 2008). Common bean (Phaseolus vulgaris L.) plays an 

important role in human nutrition and market economies of some rural and urban areas of the 

Ethiopia (CSA, 2009). It is mainly used as sources of food and cash. It is exported to earn 

foreign exchange and is also one of the cash crops locally used by farmers (Mitiku, 1990). It 
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is considered as the main cash crop and protein source of farmers in many low lands and mid 

altitude zones of Ethiopia. Between 2004 and 2010, the exported navy bean alone almost 

tripled from USD 18 million to 50 million while other food bean types are also consumed or 

traded in local and regional markets. Since 2004, the areas under bean have been expanding 

very drastically. The production obtained from common beans in Ethiopia in 2012/13 is 

366,876.94ha with the respective production and productivity of 463,008,490kg and 1262 

kg/ha (CSA, 2013). 

 

The common bean crop is grown by subsistence farmers either as a sole crop and/or 

intercropped with either cereal or tree crops. Shade tolerance and early maturity contributes to 

common beans. Therefore, these characteristics make it an ideal crop for intensification of 

existing farming system (Shimelis et al., 1990). Morpho-physiological differences and 

agronomic factors such as the proportion of crops in the mixture and fertilizer application 

regulate competition between component crops for growth-limiting factors (Trenbath, 1974). 

Selection of appropriate cultivars, planting dates and plant densities are cultural practices that 

have been shown to affect common bean yield potential and stability (Norwood, 2001).  
 

Intercropping is an old and commonly used agricultural cropping practice, of cultivating two 

or more crops in the same space at the same time (Carlson, 2008). Maize/legume 

intercropping has become one of the solutions for food security among small scale maize 

producers (Thobatsi, 2009). It is being advocated as a new and improved approach to farming. 

However, it has been avoided because of the complications of planting and harvesting 

(Avcioglu et al., 2003). Being the under story crop in most intercropping systems, growth and 

yield of legumes are usually suppressed by the dominant crop. Complementarities in an 

intercropping situation can occur when the growth patterns of the component crops differ in 

time or when they make better use of resources in space (Tamiru, 2013). 
 

Decline in soil fertility due to mono cropping is becoming a limiting factor for crop 

production in Ethiopia (Abeya et al., 2012). Intercropping improves soil fertility through 

biological nitrogen fixation with the use of legumes, increases soil conservation with greater 

ground cover as compared to sole cropping, and provides better lodging resistance for crops 

susceptible to lodging than when grown in monoculture (Abraha, 2013). Maize-legume 
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rotation and intercropping systems in the context of conservation agriculture are believed to 

break or mitigate the continuous mono-cropping effect of maize in Western Ethiopia (Abeya 

et al., 2012). 
 

In Ethiopia, as it is also true in most tropical countries, traditional cropping systems are based 

on resource poor farmers’ subsistence requirements, and are not necessarily the most efficient 

ones (Sanchez, 1989). Because of this, crop production per unit land area is usually below 

world average. Therefore, in diversified crop production systems having production 

constraints, diversified options need to be assessed (Fininsa, 2001).  
 

The overall mixture densities and the relative proportion of component crops are important in 

determining yields and production efficiencies of cereal-legume intercrop systems (Zardari et 

al., 2013; Willey and Osiru, 1972). Seeding ratios and competition capability within mixtures 

may affect the growth of the species used in intercropping systems in rain-fed areas (Dhima et 

al., 2007; Agegnehu et al., 2006; Banik et al., 2006; Carr et al., 2004). 

 

The production obtained from maize in Jimma 2012/13 was 144,362.82ha with the total 

production of 454,755,428kg and productivity of 3,150kg/ha and the production obtained 

from common bean in 2012/13 was 4906.32ha with the total production of 4,428,590kg and 

productivity of 903 kg/ha (CSA, 2013).  In this area, farmers land holding are very small.  The 

average farmers land holding of maize and common bean is 0.33ha and 0.03ha, respectively 

(CSA, 2013). This acute land scarcity necessitates farmers to use other alternatives to improve 

their productivity.  

 

Different bean cultivars were tested under intercropping system with maize in Jimma 

condition; Nasir and Dimtu variety were confirmed to be the best compatible released 

varieties during rainy season (Tesfa et al., 2011). Even though intercropping systems plays an 

important role in subsistence and food production in Jimma area; to solve the problem related 

with land shortage, for the number of released bean cultivars in the area their performance 

under intercropping system and component densities have not been tested at off-season. This 
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is also true for maize where the more robust hybrids are gaining acceptance by farmers and 

are increasingly replacing open pollinated varieties (personal communication).  

 

The importance of wetland and irrigation production for farmers lies in the fact that they can 

be harvested from mid-June when other food supplies are becoming exhausted. In this regard, 

the harvest from wetlands comes at the time of critical food shortage when the supply from 

upland fields is running out for many families and the “hungry season” is starting (EWNRA, 

2002). Intercropping had been practiced in the studied area with common bean varieties by 

farmers during the main season; however, there is no intercropping practice by farmers in 

Jimma zone during off-season. Evaluation of released crop varieties for plant density and 

irrigated agriculture remains as critical research issues for increased productivity and secure 

family food and cash security. Thus, it is essential to determine the effects of component 

density of maize and common bean varieties on yield and yield components of the whole 

associated crops and the productivity of the system. 
  
The present study was therefore, initiated with the following specific objectives:  
 

1. To determine the effects of component density of maize and common bean varieties 

on growth, yield and yield components of the associated crops. 

  

2. To identify the best performed common bean variety with optimum component 

population density that maximizes productivity of both crops.  
 

3. To identify economically suitable maize-bean intercropping component density under 

Jimma conditions, southwest Ethiopia 
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2. LITRATURE REVIEW 
 

2.1. Maize Production and its Importance in Ethiopia 
 

Ethiopia is among the major maize producers in Africa and ranked fourth next to South 

Africa, Nigeria and Egypt. The crop is widely cultivated at altitudes ranging from 1500–2200 

meters above sea level of Western, Southwestern, and Southern parts of the country. Maize 

production takes significant share of cereals and grain in any production year. Regional states 

including Oromia, Amhara and SNNP contribute to 94% of the total annual production. 

Oromia region alone contributes to 60% of the country’s maize production. West Gojam, East 

Showa, Jimma, East welega and West welega zones are major producing areas and together 

contribute to 60% of total production (Ethiopia Commodity Exchange Authority, 2009). This 

region is considered to be the major maize growing zone in the country. The region lies at an 

altitudes between 1000 to 1800 m above sea level and receives a fairly reliable average annual 

rainfall (1000 to 1500 mm/year), rendering it a region of high potential for maize production 

(CSA, 2010). The mid altitude, sub-humid agro-ecology is the most important maize 

producing environment in Ethiopia (Birhane and Bantayehu, 1989; Kebede et al., 1993). 

Agriculture continues to be the dominant sector in Ethiopia’s economy, with cereals playing a 

central role. Grain production and marketing are particularly important: studies show that 

cereals account for 65 percent of the agricultural value added, equivalent to about 30 percent 

of the national GDP (IFPRI, 2010). Out of the total grain crop area, 78.17% (9,601,035.26 

hectares) was under cereals.  Teff, maize, sorghum and wheat took up 22.23% (about 

2,730,272.95 hectares), 16.39% (about 2,013, 044.93 hectares), 13.93 % (1,711,485.04 

hectares) and 13.25% (1,627,647.16 hectares) of the grain crop area, respectively.  Out of 

total grain production Cereals contributed 84.96% (about 19,651,151,546kg) of the grain 

production. Maize, teff, wheat and sorghum made up 26.63% (6,158,317,595kg), 16.28% 

(37,652,41166kg), 14.85% (34,347,06122kg) and 15.58% (3,604,261,965kg) of the grain 

production, in the same order.  Maize is Ethiopia’s largest cereal commodity in terms of total 

production, acreage, and the number of farm holdings (CSA, 2013).   
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Maize production has remained low, with the estimated national average yield of 2.5 t/ha due 

to several constraints: biotic (inadequate improved varieties, pests and diseases), abiotic (low 

soil fertility, land and water degradation, and drought) and socio-economic (input 

unavailability, lack of storage facility, poor access to markets) (CSA, 2010). Therefore, maize 

production components such as farmer-preferred, improved varieties, farming technologies, 

farm inputs, and access to markets should be developed and made available to enhance maize 

production, in order to achieve food security (Abera et al., 2013) 

 

Maize continues to be a significant contributor to the economic and social development of 

Ethiopia. As the crop with the largest smallholder coverage at 8 million holders (compared to 

5.8 million for teff and 4.2 million for wheat), maize is critical to smallholder livelihoods in 

Ethiopia. In addition, maize is the staple crop with the greatest production (IFPRI, 2010). 

Maize is increasingly used for human consumption and accounts for 70% of the food 

consumed in sub-Saharan Africa (FAO, 2007). The recent volatile food market and rising 

prices for most food crops may increase the importance of maize production. In addition, 

because of its productivity and wide adaptation, maize remains an important source of food 

with great potential to improve the livelihoods of most poor famers in developing countries 

(FAO, 2011). 

 

Maize is instrumental for the food security of Ethiopian households, and is the lowest cost 

caloric source among all major cereals, which is significant given that cereals dominate 

household diets in Ethiopia. The unit cost of calories per US dollar for maize is one-and-a-

half and two times lower than wheat and teff respectively. Maize is also a low-cost source of 

protein in comparison to other cereals: maize provides 0.2 kg of protein per USD, compared 

to 0.1 kg of protein per USD from teff and 0.2 kg of protein from wheat and sorghum. An 

average Ethiopian consumes a total of 1,858 kilocalories daily of which four major cereals 

(maize, teff, wheat, and sorghum) account for more than 60 percent, with maize and wheat 

representing 20 percent each (IFPRI, 2010). 
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2.2. Common Bean Production and its Importance in Ethiopia 

  

In Ethiopia, common bean is one of the most important cash crops and source of protein for 

farmers in many lowlands and mid-altitude zones. The country’s export earnings is estimated 

to be over 85 % of export earnings from pulses, exceeding that of other pulses such as lentils, 

horse (faba bean and chickpea) (Rameto, 2007). Overall, common bean ranks third as an 

export commodity in Ethiopia, contributing about 9.5 % of total export value from agriculture 

(FAOSTAT, 2010). In Ethiopia, Pulses grown in 2012/13 (2005 E.C.) covered 15.17 % 

(1,863,445.42 hectares) of the grain crop area and 11.89% (about 27,510,31188kg) of the 

grain production was drawn from the same crops. Faba beans, common beans, and chick peas 

were planted to 4.67 % (about 574,060.45 hectares), 2.99% (about 366,876.94 hectares) and 

1.95% (about 239,512.43 hectares) of the grain crop area. The production obtained from faba 

beans, common beans and chick peas was 4.08% (about 943,964,170kg), 2.00% (about 

463,008,490kg) and 1.77% (409,733,163kg) of the grain production, respectively (CSA, 

2013).Common bean is also highly preferred by Ethiopian farmers because of its fast 

maturing characteristics that enables households to get cash income required to purchase food 

and other household needs when other crops have not yet matured (Legesse et al., 2006). 
 

2.3. Maize Plant Origin and Morphological Requirements 

 

There is some controversy on the origin of maize, though it is generally accepted that its 

Centre of origin is located in Mesoamerica, primarily Mexico and the Caribbean. Maize as we 

know it today has never been found growing in a wild state. Its domestication, probably from 

a wild teosinte form (Euchlaena Mexicana), is believed to have started some 6,000 to 7,500 

years ago in the Mexican highlands (McCann, 2001) 

 

Maize is a member of the grass family Poaceae (Gramineae), a classification it shares with 

many other important agricultural crops, including wheat, rice, oats, sorghum, barley, and 

sugarcane. Based on fossil evidence, it is estimated that these major grass lineages arose from 

a common ancestor within the last 55–70 million years, near the end of the reign of dinosaurs. 

Maize is further organized in the genus Zea, a group of annual and perennial grasses native to 
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Mexico and Central America. The genus Zea includes the wild taxa, known collectively as 

teosinte (Zea ssp.), and domesticated corn, or maize (Zea mays L. ssp. Mays) (Edward et al., 

2005). 

 

Maize arrived in Africa after 1500 as part of the massive global ecological and demographic 

transformation that historian Alfred Crosby called the “Columbian Exchange.” The 

importation of the maize seeds to various parts of Africa generally went unremarked, though 

it certainly was not unremarkable. The first reference to maize’s introduction to Africa may be 

that of an anonymous Portuguese pilot in 1540, who described its already well-established 

cultivation on the Cape Verde Islands (McCann, 2001). Maize is first introduced in Ethiopia 

in 16th century (Yoseph et al., 2006).  

 

Maize is a 2-3 m high grass with a solid single stem (stalk), 3-4 cm in diameter, with clearly 

defined nodes and internodes. The number of internodes ranges from 15 to 20. These are short 

and fairly thick at the base, but become longer and thinner near the terminal male 

inflorescence. The leaves arise from the nodes, alternately on opposite sides on the stalk. It is 

a monoecious grass with male and female flowers borne in separate inflorescences on the 

same plant. Although it is self-fertile, the plant’s monoecious character and protandry ensure a 

cross-pollination of 90-95%. The tassel male inflorescence is a terminal panicle, up to 40 cm 

long, which stretches out from the enclosing leaves at the top of the stalk. The male or 

staminate flowers are present within spikelet on the branches. The stamens elongate at 

anthesis and the pollen is released by the anthers. The maize kernel consists of the embryo 

(10-13% of the grain), endosperm and pericarp and may differ in color, structure and 

chemical composition (McCann, 2001).  

 

Maize is the primary food staple in Ethiopia, averaging slightly more than 20% of daily 

caloric intake.  The Ethiopian Commodity Exchange reports that three-quarters of maize 

produced is used for household consumption, only about ten percent is marketed and the 

remainder is used for seed, in-kind payments for labor, and animal feed (Schneider and 

Anderson, 2010). Currently, it is the second most important crop, exceeded only by teff (Era-

grostisteff in terms of production area. However, it exceeds all other cereals in terms of annual 
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production and yield per ha. Since its introduction, it has gained importance as a food and 

feed crop. It is one of the cereals that provide most of the calorie requirements in the 

traditional Ethiopian diet. It is prepared and used as unleavened bread, roasted and boiled 

green ears, parched mature grain porridge and in local drinks like ‘tella’,’borde’ and 

‘areke’(Mulatu et al., 1992). Apart from these uses maize leaves are feed to animals, while 

dry stalks are used as fuel and for the construction of fences and huts. 
 

2.4. Common Bean Plant Origin and Morphological Requirements 
 

Dry beans (Phaseolus spp.) originated in Central and South America.  It is of new world 

origin and is cultivated in many parts of the tropics and subtropics, and in temperate regions. 

It has been cultivated throughout North, Central and South America. Remains of common 

beans, dated to 4,975 B.C. have been found in the caves of the Tehuacan valley in Mexico. 

Vessels containing bean have been recovered from the Pre-Inca tombs in Peru. The remnants 

of common beans and lima beans have been recorded from archaeological deposits in the 

inter-montane Peruvian valley, and dated to about 6,000 B.C. The common bean was 

introduced into Europe in the sixteenth century by the Spaniards and Portuguese and was later 

carried to Africa and other parts of the world (Usha, 2006).   

 

Africa is considered to be a secondary center for bean genetic diversity. Beans are a major 

staple in Eastern, Southern and Great Lakes of Africa, where they are the second most 

important source of dietary protein after maize and the third most important source of calories 

after cassava and maize (Abate, 1996). Haricot bean (Phaseolus vulgaris L.) is an annual 

pulse crop with considerable variation in habit, vegetative characters, flower color and the 

size, shape and color of the pods and seeds (Onwueme , 1991). It also referred to as dry bean, 

is an annual leguminous plant that belongs to the genus, Phaseolus, with innately compound 

trifoliate large leaves. Common bean shows variation in growth habits from determinate bush 

to indeterminate, extreme climbing types. The bushy type bean is the most predominant type 

grown in Africa (Buruchara, 2007) 

 

It is well adapted to the range of an altitude between 1200 and 2000m above sea level 

(Wortmann, 1998), and in areas with annual average rainfall 500-1500mm. It is not drought 
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resistant; ideally needs moist soil throughout the growing period. However, rainfall towards 

the end of growing periods is undesirable. It can be grown successfully on most soil types, 

from light sands to heavy clays, but friable, deep and well-drained soils are best preferred 

(Onwueme, 1991). 

 

Common bean (Phaseolus vulgaris L.) is a warm-season crop that does not tolerate frost or 

long periods of exposure to near-freezing temperatures at any stage of growth. Usually high 

temperatures do not affect it if adequate soil water is present, although high nocturnal 

temperatures will inhibit pollination (Wortmann et al., 1998). It is a very important source of 

protein and natural fiber in eastern, central and southern Africa and tropical America 

(Pachico, 1993).The area under common bean production in Ethiopia is estimated, about 

200,000 hectare annually (CSA, 2000). The productivity of the crop is low due to lack of high 

yielding varieties adapted to diverse agro ecological conditions and adaptation of better 

agronomic practices (Dawit et al., 2012).   

 

Generally, common bean is considered a short-season crop with most varieties maturing in a 

range of 65 to 110 days from emergence to physiological maturing (Buruchara, 2007). 

Maturity period can continue up to 200 days after planting amongst climbers that are used in 

cooler upland elevations (Gomez, 2004) the crop is not sensitive to soil type as long as it is 

reasonably fertile, well-drained and does not have conditions that interfere with germination 

and emergence (Wortmann et al., 1998).  

 

2.5. Cropping System 
 
Cropping system research has recently assumed, added dimensions and attracted worldwide 

attentions both in developed and in developing countries. Temporal and spatial intensification 

of crops constitutes the basic ingredients of national food production strategy. It helps to 

create varied income source and labor use distribution. Cropping system is the principles and 

practices of cropping and their interaction with farm resources, technology, aerial and edaphic 

environment to suit the regional or global needs and production strategy (Pal et al., 1985). 

Maize/ bean are the dominant cropping systems in most parts of Africa (Francis et al., 1982). 
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In Ethiopia, the traditional cropping systems have wide range of cropping in various maize 

growing areas. In most areas, mixed cropping of maize with pulses, oil crops, cereals and 

even trees are common. However, mono cropping of maize is the dominant feature (McCann, 

2001). 

 

The economic return or monetary gain per unit area and time is one of the major 

considerations for adoptions of a certain cropping system and yield is the foremost agronomic 

parameter to compare the importance of component crop in any type of cropping system 

(Francis, 1978). Soil fertility, temperature, length of rainy season and pressure on the land 

influence the type of cropping systems used by smallholders (Woolley et al., 1991). In 

general, in designing alternative cropping system, the common approaches to be followed are: 

crop intensification, crop diversification and cultivar options. However, the three approaches 

become inseparable and considered as a building block of a new system (Yadav et al., 1998). 

 

2.5.1. Intercropping 
 
Though intercropping is defined by different authors differently, the basic idea is more or less 

alike. It is defined as the growing of two or more crops simultaneously on the same field with 

crop intensification in both time and space dimensions and crops interact during all or part of 

crop growth and farmers manage more than one crop at a time in the same field (Francis, 

1982; Willey, 1979). Comparably, intercropping has been defined as the growing of two or 

more crops in different but proximate rows (Ruthenberg, 1980). Common characteristics of 

different forms of intercropping have the effect on intensifying crop production and exploiting 

more efficiently environments with limiting or potentially limiting resources (Papendick et 

al., 1976; Trenbath, 1982). Andrews and Kassam (1993), further divide intercropping in to 

four: mixed intercropping (growing component crops simultaneously with no distinct row 

arrangement); row intercropping (growing component crops simultaneously in different 

rows); strip intercropping (growing component crops simultaneously in different strips to 

permit the independent cultivation of each crop); and relay intercropping (growing component 

crops in relay, so that growth cycles overlap). 
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Crop combinations in intercropping differ with geographical location, crop morphology and 

growth durations. Based on geographical location crop combination for intercropping would 

be intercropping of tree crops, intercropping of tree and field crops, or intercropping of field 

crops (Trenbath, 1982). On the basis of morphology and growth duration, distinguished the 

following crop combinations: crops of similar heights and growth durations such as barley 

and oats; crops of similar morphology but different growth durations such as 6 month 

sorghum and 3 month millet; annual or biennial crops with those of longer growth durations 

such as millet and cassava or soy bean and sugar cane; and annual crops of cereals and 

legumes such as sorghum and pigeon pea, maize and cowpea. Thus, combination of crops for 

intercropping should be primarily determined by the length of the growing season and the 

adaptation of crops to particular environment (Ofori and Stern, 1987). 

 

2.5.2. Maize and Common Bean Intercropping 

 

One of the main challenges in Western Ethiopia, where maize is the main stable and major 

producing crop, is continuous mono cropping with residue removal through burning and/or 

used for other purposes (Zerihun et al., 2014). Maize-legume intercrops yielded more and 

were associated with less risk than the maize legume rotations (Kamanga et al., 2010). Maize 

in association with legumes gives higher total yield and net return (Patra et al., 2000). If 

intercropping was to be practiced, there would be a higher coverage of the soil by the second 

crop and so, it forms a sort of green or living mulch.  While it will use water for transpiration, 

this will also produce a crop and thus be useful water and at the same time decrease the bare 

soil surface evaporation.  This would then also increase the water use efficiency of the 

combined crop (Walker and Ogindo, 2003). 

 

A change of growth habit from bush to climbing beans in maize/bean intercrop system 

changes both temporal and spatial arrangements of the cropping system (Woolley and Davis, 

1991).However; maize has been reported to be more competitive than beans for light. It 

shades the associated bean crop thus, depressing yield due to the decreased in photosynthetic 

in plant, which is reflected in reduced number of pods per plant and seeds per pod (Davis and 

Garcia, 1983). Maize was reported to depress bush bean yields by 7 to 32% (Woolley and 
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Smith, 1992), whereas beans caused 15 to 30% reduction in maize yield (Davis and Garcia, 

1983). Reduction in bean yields may be minimized by manipulating plant density, planting 

pattern and relative planting dates of and beans (Niringiye et al., 2005). 

 

Intercropping is being advocated as a new and improved approach to farming. However, it has 

been avoided because of the complications of planting and harvesting. Intercropping involves 

competition for light, water and nutrients. However, intercropping usually benefits from 

increased light interception, root contact with more soil, increased microbial activity and can 

act as a deterrent to pests and weeds of the other crop (Avcioglu et al., 2003). There is also 

evidence that suggests intercropping may benefit a non-legume which needs nitrogen if the 

other crop is a legume, since legumes will fix nitrogen in the soil (Avcioglu et al., 2003). 

Maize-bean intercropping considerably gave the highest production, increased water use 

efficiency and maximum net income as compared to crop rotation or continuous production in 

CA or farmers practices (Zerihun et al., 2014).  

 

Systems that intercrop maize with a legume are able to reduce the amount of nutrients taken 

from the soil as compared to a maize mono crop. When nitrogen fertilizer is added to the 

field, intercropped legumes use the inorganic nitrogen instead of fixing nitrogen from the air 

and thus compete with maize for nitrogen. However, when nitrogen fertilizer is not applied, 

intercropped legumes will fix most of their nitrogen from the atmosphere and not compete 

with maize for nitrogen resources (Adu-Gyamfi et al., 1976). 

 

Competition among mixtures is thought to be the major aspect affecting yield as compared 

with solitary cropping of cereals. Species or cultivar selections, seeding ratios, and 

competition capability within mixtures may affect the growth of the species used in 

intercropping systems in rain-fed areas (Banik et al., 2006; Dhima et al., 2007). 

 

The main advantage of intercropping is the more efficient utilization of the available 

resources and the increased productivity compared with each sole crop of the mixture 

(Mucheru et al., 2010). Yield advantage occurs because growth resources such as light, water, 

and nutrients are more completely absorbed and converted to crop biomass by the intercrop 
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over time and space as a result of differences in competitive ability for growth resources 

between the component crops, which exploit the variation of the mixed crops in 

characteristics such as rates of canopy development, final canopy size (width and height), 

photosynthetic adaptation of canopies to irradiance conditions, and rooting depth. Many 

studies have shown a positive correlation of crop production to the amount of radiant energy 

intercepted by the crop (Tsubo et al., 2001). Intercropping has greater radiation capture 

potential and utilization Compared with sole cropping, because of the effect of combination of 

differing spatio-temporal use of radiation among component crops (Willey, 1990). 

 

The release of biological nitrogen fixed by the legume for utilization by the cereal depends on 

the sowing and maturity date of the legume species. Canopy structures and rooting systems of 

cereal crops are generally different from those of legume crops. In most cereal– legume 

intercropping, cereal crops form higher canopy structures than legume crops, and the roots of 

cereal crops grow to a greater depth than those of legume crops. This suggests that the 

component crops probably have differing spatial and temporal use of environmental 

resources. Intercrops may make use of environmental resources such as radiation, water and 

nutrients more efficiently than mono crops (Willey, 1990). 

 

When crops are complimentary in terms of growth pattern, aboveground canopy, routing 

system, and their water and nutrient demand, intercropping effectively enables a more 

efficient utilization of available resources (sunlight, moisture and soil nutrients), and can 

result in relatively higher yields than when crops are grown separately, as pure stands (Willey, 

1979). Other benefits of intercropping are related to the better soil cover, which has 

advantages for weed control, and leads to reduced erosion and nutrient leaching. Because 

legumes can rely on atmospheric N, they are less likely to compete for N with the cereal (Fan 

et al., 2006). 

 

Bean plant density had no influence on maize or bean yields, indicating that maize yield is not 

affected by bean intercropping (Tsubo et al., 2005). Consequently, intercropping is much less 

risky than mono cropping considering that if one crop of a mixture fails, the component 

crop(s) may still be harvested. Thus, if a single crop may often fail because of adverse 
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conditions such as frost, drought, flood, or even pest attack, farmers reduce their risk for total 

crop failure by growing more than one crop in their field (Clawson, 1985). 

 

Tesfa et al. (2011) found that, two released common bean varieties namely Nasir and Dimtu 

were confirmed to be best compatible released varieties in a maize intercropping system in the 

Jimma areas because of they gave high productivity in the area. They also said that, this study 

indicates the importance of looking for some other common bean varieties that will have 

better yield performance and social preferences than current local varieties in maize 

intercropping systems of Jimma areas. 
 

2.6. Intercropping for Greater Production and Risk Avoidance 
 
There are two ways of increasing crop production: the first one is through putting more land 

to agricultural production and the second is through increasing productivity per unit of land. 

The former option is finite in scope and can go only to a limited extent. The latter alternative 

on the other hand has more possibilities that require the generation and application of 

technologies especially suited to the environment and situation of the farmer (Woldeyesus et 

al., 1996). In most multiple cropping systems developed by smallholders, productivity in 

terms of harvestable products per unit area is highest than under sole cropping with the same 

level of management. Yield advantages can range from 20% to 60% (Steiner, 1984; Francis, 

1978). 

 

Multiple cropping system reflect farmers multiple objectives, including principal of all their 

need to survive. The main advantage of intercropping systems is efficient and complete use of 

growth resources such as solar energy, soil nutrients and water (Francis, 1978; Siva and M., 

1993). Some of the suggested reasons for the popularity of intercropping in the tropics and 

subtropics are: efficient use of growth resources like water, nutrients and light (Willey, 1979; 

Natarajan and Willey, 1980); balanced nutritional supply of energy and protein (Jodha, 1981); 

highest yield and greater land use efficiency (Ofori and Stern, 1987); inexpensive weed 

control (Enyi, 1973); minimization and avoidance of agricultural risks (Willem, 1990; Jodha, 
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1981; Rao and Willey, 1980); improvements of soil fertility (Bandyopadhay and De, 1986); 

minimization of peak of labor and demand (Okigbo and Greenland, 1976). 

 

The main reason for using a multiple cropping system is the fact that it involves integrating 

crops using space and labor more efficiently (Baldy and Stigter, 1997). Biophysical reasons 

for using multiple cropping include better utilization of environmental factors, greater yield 

stability in variable environments and soil conservation practices. Socio-economic reasons 

include the magnitude of inputs and out puts and their contribution to the stabilization of 

household food supply (Beets, 1982). Thus, there is recognition of the great potential of 

intercropping to increase agricultural productivity and conserve natural resource base. 

Intercropping presents a large level of risk reduction for the smallholder. If one crop is 

entirely lost to pest or drought damage, the farmer may still harvest the other crop in the field. 

Given the unpredictable rainy season and the different water requirements of each crop, 

planting many varieties of the same crop in an intercropped field gives the farmer a better 

chance that some crops will survive (Carlson, 2008). 
 

2.7. Resource Use in Intercropping System 
 

Yield advantage occurs because component crops differ in their use of growth resources in 

such a way that when they are grown in combination they are able to complement each other 

and so make better overall use of resources than when grown separately (Willey, 1979a). In 

terms of competition, the component crops are not competing for exactly the same overall 

resources and thus inter-crop competition is less than intra-crop competition. Maximizing 

intercropping advantages is therefore a matter of maximizing the degree of complementarity 

between the components and minimizing inter-crop competition (Rezende and Ramalho, 

1994). On this basis, intercropping advantages are more likely to occur where the component 

crops are very different. Probably the main way that complementarity can occur is when the 

growth patterns of the component crop differ in time so that the crops make their major 

demands on resources at different times. This type of complementarity has been termed by 

(Trenbath, 1974) as temporal. 

 



  17 
  

2.8. Effects of Intercropping on Maize and Common Bean 

 

The experiment done by Makgoga (2013) showed that shelling percentage and harvest index 

were not affected by cropping system for both sole maize and maize/dry bean intercropping. 

When maize was intercropped with dry bean followed by sole maize, maize obtained highest 

number of cobs per plant. Number of seeds per cob, 100 seed mass, plant height and grain 

yield were not significantly different between sole maize and maize/dry bean intercropping. 

The highest number of cobs per plant was obtained in maize/dry bean intercropping followed 

by sole maize. Plant height and 100 seeds mass in maize/dry bean intercropping were higher, 

2.0 m and 30.8 g, respectively, followed by sole maize 1.9 m and 30.4 g. Maize/dry bean 

intercropping and sole maize produced high grain yield of 2156.3 kg/ha and 2093.7 kg/ha, 

respectively (Makgoga, 2013). Increased number of cobs per plant and grains per cobs due to 

maize legume intercropping, however, 1000 grain weight of maize was not significantly 

influenced but there was an increasing trend (Patra et al., 1999). 

 

2.9. Plant Density in Intercropping System 

 

Plant population defines the number of plants per unit area, which determine the size of the 

area available to the individual plant (Willey, 1979a). The intercropping population and the 

relative proportion of individual combined crops are very important in determining yields and 

production efficiencies of cereal-legume mixture (Zardari et al., 2013). When the components 

are present in approximately equal numbers, productivity and efficiency appears to be 

determined by the more aggressive crop, usually the cereal (Osiru and Willey, 1972; Zardari 

et al., 2013). They had pointed out from these data that all the component crops become 

relatively more competitive if they formed a larger proportion of the total population; they 

also stressed that as total population increased, the dominant crop become even more 

dominant. 
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2.9.1. Effect Plant Density on Growth of Maize and Common Bean 
 

Different seeding ratios or planting patterns for cereal-legume intercropping have been 

practiced by many researchers (Tsubo et al., 2001). Competition among mixtures is thought to 

be the major aspect affecting yield as compared with solitary cropping of cereals. Seeding 

ratios and competition capability within mixtures may affect the growth of the species used in 

intercropping systems in rain-fed areas (Carr et al., 2004; Agegnehu et al., 2006; Banik et al., 

2006; Dhima et al., 2007). Bean plant density had no influence on maize or bean yields, 

indicating that maize yield is not affected by bean intercropping, although bean yields will 

decrease in the intercropped system (Tsubo et al., 2005). High densities of maize maximized 

maize yield and calorie production, but high densities of beans maximized financial return.  

 

Plant density determines the degree of competition among plants (Ipsilandis and Vafias, 2005; 

Kgasago et al., 2006). At low densities, grain yield is limited by number of plants, whilst at 

higher densities decrease due to competition (Fasoula and Tollenaar, 2005). Tsubo et al. 

(2003) have presented the yield and growth advantages of maize- bean intercropping in the 

study region, which is in basic agreement with previous studies in the other African regions. 

Concerning resource use, both RUE (radiation use efficiency) and WUE (water use 

efficiency) of maize-bean intercropping are equivalent to or higher than maize sole cropping, 

and they are higher in RUE and WUE than bean sole cropping. From those results, it follows 

that when farmers plan on cultivating both crops, planting maize associated with beans is 

more advantages than sole cropping. Plant density affects crop productivity and resource use 

of the intercropping (Tsubo et al., 2003).  

 

Productivity of a cropping system comprising intercrops of two or more species depends upon 

the degree of complementarities between them. Enhancing productivity of maize and bean 

intercrops requires improving the interspecies complementarities or reducing competition 

effects (Rezende and Ramalho, 1994). This might be achieved through manipulation of plant 

arrangements, plant densities and planting compatible cultivars (Rao and Mittra, 1990). Ofori 

and Stem (1987) proposed that the growth and yield of the legume component is reduced 

markedly when intercropped with high densities of the cereal component. In a maize/bean 
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intercrop system, increasing maize density three-fold, from 18, 000 to 55, 000 plants/ha, 

reduced bean leaf area by 24% and seed yield by 70% (Gardiner and Craker, 1981). Spatial 

arrangement of component crops is one of the most important agronomic factors that 

determine whether an intercrop system will be advantageous or not with regard to yield gains 

(Natarajan and Shumba, 1980). Row arrangements, in contrast to arrangements of component 

crops within rows, improve the amount of light transmitted to the lower legume. Such 

arrangements can enhance legume yields and efficiency in cereal/legume intercrop systems 

(Mohta and De, 1980).  

 

Productivity of the intercrop can be enhanced through selection of bean cultivars suitable for 

intercropping as they have different growth habits and growth durations, which may result in 

different interactions with maize in the intercrop maize cultivars with short internodes and 

broad leaves shade beans relatively more than cultivars of a similar height with long 

internodes and narrow leaves. Tall cultivars generally give more shedding to under store crops 

(Davis and Garcia, 1983). Plant population is the important factor in intercropping of legume-

maize as it can determine the extent of competition between intercrops (Kgasago, 2006). 

Factors such as moisture availability, soil fertility status and cultivars to be planted determine 

the plant population to be planted in the specific area (Molatudi and Mariga, 2012). Optimum 

seeding rate results in high solar radiation interception (Jensen, 1996), and increases the rate 

of photosynthesis and biological nitrogen fixation in the cereal/legume intercropping system 

(Thobatsi, 2009). 

 

Farmers’ practice showed higher maize grain yield and lower common bean yield followed by 

the treatment with 100% maize and 50% common bean population densities while 

intercropping of 100% maize and 100% common bean population densities yielded relatively 

lower maize grain and higher haricot bean seed (Dagne et al., 2011).  

 
Maize grain yield rises with planting density to some maximum value and then declines. The 

rate that produces a maximum yield varies with varieties, environment, fertility and planting 

pattern. For a given hybrid, the yield of maize generally increases as density is raised until 

one or more factors such as water supply, available plant nutrients and other become limiting 
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(Vega et al., 2001). They also found out that, maize grain yield is more affected by variations 

in plant density than other members of the grass family due to its low tillering capacity. Vega 

et al. (2000) found the direct effect of increasing plant density to enhance interplant 

variability in several phenotypic traits (e.g. biomass, height, anthesis-silking interval, and 

kernel number). Sangoi et al. (2002) supported the results of Vega et al. (2000), that maize 

grain yield is associated with the number of kernels per area, which depend on the number of 

plants per area, number of ears per plant and the number of kernels per ear. Tetio-Kagho and 

Gardner (1988) and Tollenaar et al. (1992), found grain yield response to plant density to be 

mostly associated with number and size of kernels per unit area. Otegui (1995) found a close 

relationship between grain yield and kernel number for several hybrids grown under different 

environmental and management conditions. 

 

2.10. System Productivity and Profitability of Intercropping Systems 

 

Land equivalent ration (LER) is the most commonly used type of cropping index. Its inherent 

use is that different crops whatever their type or levels of yield, are put on a relative and 

directly comparable basis. To avoid bias because of differences in yield proportions, it can be 

calculated based on monetary values (Willey, 1979). 

   
Where, La and Lb = the LERs for individual crops in the mixture and Ya and Yb = the 

individual crop yields in an intercropping situations, Sa and Sb= the yield of species a and b 

as sole crops. For the purpose of comparing genotypes combination, it may be sensible to use 

the same standardizing factors for each combination, which leads to Sa and Sb being defined 

as the maximum or the average sole crop yields. But, each intercrop compared with its 

respective sole crop only at its optimum populations and spacing (Mead and Willey, 1980). 

While monetary advantage (MA) was calculated as yield of combined intercrop (Willey, 

1979) using formula: 
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Tamado and Eshetu (2000) conducted field experiments at Alemaya and Babile in 1996 and 

1997 to evaluate the agronomic performance and productivity of sorghum, maize, and 

common bean grown in row intercropping, mix cropping and sole cropping. Sorghum and 

common bean row intercropping gave the highest agronomic advantage (43%) at Babile and 

40% at Alemaya over sole cropping of the component crops as shown by their LER values. 

However, sole maize gave the highest gross monetary value at Alemaya (8054 ETB/ha). Tesfa 

et al. (2002) affirmed that, in Ethiopia, LER was usually selected as a criterion to assess the 

agronomic advantage of intercropping systems as it already mentioned by other authors 

elsewhere (Willey, 1979; Mead and Willey, 1980). 
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3. MATERIALS AND METHODS 

3.1. Description of the Experimental site 

 

The field experiment was conducted under irrigated conditions at Jimma Agricultural 

Research Center (Melko) in 2013/14. The center is located at about 348 km south west of 

Addis Ababa, Ethiopia. The site is located at 7040’ latitude and 360 longitudes at an elevation 

of 1753 m.a.sl. It is situated in the tepid to cool humid-mid highlands agro-ecology of south-

western Ethiopia. The soil type of the experimental area is Eutric Nitsols (Reddish brown) 

with a pH of around 5.2.The long-term (ten years) mean annual rainfall of the area is 1639 

mm with a maximum and minimum temperature of 26.60C and 13.90C, respectively (JARC, 

2008) 
 

3.2. Description of the Experimental Materials 

The below table contains maize and common bean varieties with their description used for the 
study 
 
Table 1.Maize and common bean varieties used for the study 

Name  Year of 
release 
 

Maturity 
(days) 
 

Adaptation(m 
asl) 
 

Yield kg/ha Growth 
type 

BHQPY-545 

(maize variety) 

2008 120- 145 1000-1800 8000-9500 medium 

Nassir(common 

bean) 

2003 90-120 1200-1800 3000-4000 Bush 

Local Asendabo 

(common bean) 

     -       -         -         - Climbing 

(MOARD, 2009; Progress Reports of the National Maize Research Project, 1988–2010). 
 

3.3. Treatments and Experimental Design 
 

The treatments included six component densities (100% * 17.7%, 100% * 26.7%, 100% * 

53.3%, 75% * 17.7%, 75% * 26.7%, 75% * 53.3%) of hybrid maize and common bean, and 

two common bean varieties (Nasir and Local Asendabo) accompanied with sole Maize and 

http://scialert.net/fulltext/?doi=thr.2011.12.19&org=12#42501_an�
http://scialert.net/fulltext/?doi=thr.2011.12.19&org=12#42501_an�
http://scialert.net/fulltext/?doi=thr.2011.12.19&org=12#42501_an�
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sole common bean varieties. The experiment was laid out in a factorial experiment arranged 

in Randomized Complete Block Design (RCBD) with three replications. 
 

Treatments 

1. Sole common bean ( Nasir) 

2. Sole common bean (Local) 

3. Sole maize 

4. Maize (100%) + Common bean (17.7%) ( Nasir) 

5.  Maize (100%) + Common bean (17.7%) (Local) 

6.  Maize (100%) + Common bean (26.7%) ( Nasir) 

7.  Maize (100%) + Common bean (26.7%) (Local) 

8. Maize (100%) + Common bean (53.3%) (Nasir) 

9.  Maize (100%) + Common bean (53.3%) (Local) 

10.  Maize (75%) + Common bean (17.7%) (Nasir) 

11. Maize (75%) + Common bean (17.7%) (Local) 

12. Maize (75%) + Common bean (26.7%) (Nasir) 

13.  Maize (75%) + Common bean (26.7%) (Local) 

14.  Maize (75%) + Common bean (53.3%) (Nasir) 

15.  Maize (75%) + Common bean (53.3%) (Local) 
 

 Experimental treatments detail  

a. Intercropping proportion 2:1 two rows of maize and one row of common bean, respectively. 

b. Maize planting pattern (spacing) 

               Sole maize = 75 cm x 30 cm = 44,444 plants/ha 

               Maize intercropped = 75 cm x 30 cm = 44,444 plants/ha (100%) 

               Maize intercropped= 75 cm x 40 cm = 33,333 plants/ha (75%) 

c. Common bean planting pattern (spacing) 

             Sole common bean = 40 cm x 10 cm = 250, 000 plants/ha 

             Common bean intercropped = 150 cm x 15 cm = 44,444 plants/ha (17.7%) 

             Common bean inter cropped = 150 cm x 10 cm = 66,666 plants/ha (26.7%) 

             Common bean intercropped = 150 cm x 5 cm = 133,333 plants/ha (53.3%) 
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3.4. Experimental Procedures and Crop Management 

 

Site selection and land preparation was done in mid-December 2013, ploughed with a tractor and 

hand leveled before planting. Each common bean variety was intercropped with hybrid maize. 

Respective sole plots of the common bean varieties and the maize were included for the study. 

The maize variety was sown at the (15/1/2014) by row planting and was covered by hand on 

the net plot size of 2.4 x 4.5 = (10.8m2) and  gross plot size of 3.6 m x 7.5 m = (27 m2) at 75 

cm inter-row by 30 cm and 40 cm intra-row spacing of maize. And also the sole maize plots 

were hand sown with two seeds/ hill with spacing of 75/30 cm. Number of rows/plot was 10 

for maize. In dry months, the plots were irrigated using furrow irrigation. The outermost rows 

at both sides of plots were considered as borders. A 1.5 m wide-open strip separated the 

blocks; whereas the plots within a block were 1 m apart from each other. In accordance with 

specifications of the design, each treatment was assigned randomly to experimental units 

within a block. At time of maize sowing, all plots received a basal application of ammonium 

phosphate (DAP, 18% N, 20% P) at the rate of 100 kg/ha. The intercropped maize stand was 

thinned to a population of 33,333 and 44,444 plants/ha with respect to its plant spacing within 

row spacing; and hoeing were taken place a week after emergence.  And the sole maize was 

thinned to a density of 44,444 plants/ ha a week after emergence. The two common bean 

varieties (Nasir and local) were hand sown (06/02/2014) with two seeds per hill on plots 

assigned for intercropping and sole common bean plots. This was done two weeks after maize 

emergence during second hoeing. The intercropped common bean varieties were drilled in 

between each two maize rows at 150 cm inter-row;  and with intra-row spacing of 5 cm; 10 

cm; 15 cm. The bean stand was then thinned to a population of 133,333; 66,666 and 44,444 

plants/ ha a week after emergence, respectively. The sole common bean was sown with 

spacing of 40/10 cm and the stand was thinned to a density of 250,000 plants/ ha a week after 

emergence. The recommended phosphorous fertilizers were applied in the form of DAP at 

rate of 46 kg P2O5 ha-1 at planting for sole common bean plot. At knee height growth stage of 

maize, N in the form of urea (46% N) was applied at the rate of 50 kg ha-1. After the crops 

attained full maturity stage, common bean and maize harvesting was done on 15/06/2014 and 

16/06/2014 by hand at the grain moisture content of 12.5. 
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3.5. Data Collection 

  
3.5.1. Soil Analysis 
 
Soil samples were collected at random from the three replications separately within the 

experimental area after final ploughing at 0-30 cm depth before planting. These samples were 

then composited and two duplicate samples per three collected soil samples were prepared for 

determination of pH, organic matter, organic carbon (OC), total nitrogen, total phosphorus 

and available phosphorus. The soil samples were cleaned from root and other dusts, air dried 

thoroughly, mixed and ground to pass a 2 mm size sieve before laboratory analysis. Finally, 

the soil samples were analyzed in Jimma Agricultural Research Center soil laboratory.  For 

total N content micro-kjeldahl method (Dewis and Freitas, 1970), pH by using pH meter, OM 

percentage by multiplying the organic carbon (obtained by wet digestion method) with a 

factor of 1.724, as the procedures described by (Ryan et al., 2001). Moreover, available P was 

determined using Olsen procedure as described by (Olsen et al., 1954)  

  
3.5.2. Response of Maize 
 
Growth phenology, yield and yield components of maize were recorded as described below. 

  

Growth Phenology 

Data on 50% tasseling: - were recorded when more than 50% of the plants produced tassels 

by counting plants in each plot.  
 

Data on 50% silking: - were recorded when more than 50% of the plants produced silks by 

counting plants those bears silks in each plot.  
 

Data on 50% maturity: Days to 50 percent maturity were recorded as the number of days 

from emergence to the date on which about 50 percent of the plants in a plot matured from 

five randomly selected plants.  
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Growth Parameters 

Plant height (cm): - was recorded at 50% maturity from five plants randomly selected in each 

plot, by measuring their height from the soil surface to the tip of the terminal stem with a 

meter. 

Leaf area (cm2): - was determined from the same five plants used for plant height per plot 

randomly as leaf length (L) x maximum leaf width (W) x 0.733 as described by McKee 

(1964)  
 

Leaf area index (cm2): - LAI were calculated as the ratio of total leaf area (cm2) of the plant 

to the ground area coverage of maize. 

 

Yield and Yield Components included 

 
Number of cobs per plant: was counted from five randomly sampled plants per plot at the 

end of harvest in each plot. 

Numbers of kernels per cob: was taken from the same five randomly selected plants and 

from that, five cobs selected at the end of harvest in each plot and each of cobs kernels 

threshed and counted by seed counter. 

Cob length (cm): was measured as the length of the cob from the tip to the bottom from the 

same five randomly selected cobs at the end of harvest in each plot. 

Cob weight (g): The same five randomly selected cobs for cob length at the end of harvest 

was measured by sensitive balance in each plot 

1000 Seed weight/kernel weight (TKW): The seeds were threshed from the middle of the 

cob and counted using electronic seed counter from each plot and measured by sensitive 

balance at 12.5% moisture content. 

Shoot Dry biomass yield (kg/ha): Dry biomass representing oven dry weight of shoots 

excluding grain were measured by sensitive balance by drying the above ground parts of five 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=moisture+content�
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randomly sampled plants in forced air circulated hot air oven at 600C for a minimum of 48 

hours. 

 

Total biological yield: Above ground biomass (kg) was collected and measured at harvest 

after sun drying from harvestable row and expressed as kg/ha. 

Grain Yield (kg/ha): Grain yield were measured from the net plot area and expressed as 

kg/ha. Grain yield was adjusted to 12.5% moisture content using a digital moisture tester.  

 

Harvest index (%): was calculated as the ratio of economic yield (grain yield) of harvestable 

row to biological yield of harvestable row multiplied by 100.  

 

3.5.3. Response of Common Bean 
 

Data on phenology, growth parameters and yields of common bean varieties were measured 

as described below.  
 

Growth phenology: 

Data on 50% crop emergence: - were counted from the date of sowing till when 50% 

seedling was emerged or two leafs were observed in each plot.  
 

Data on 50% flowering: - were recorded when more than 50% of the plants produced flower 

in each plot by visual observation. 
 

Data on 50% maturity: - were recorded from five randomly taken plants as the number of 

days from emergence to the date on which about 50 percent of the plants in a plot matured. 

 

Growth Parameters 

Plant height (cm):  Plant height was recorded as the height of plant grown from the ground 

level from five randomly sampled plants at the end of 50% flowering in each plot. 
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Leaf number: leaf number was randomly taken from the same five plants used for plant 

height at the end of 50% flowering in each plot and the number of leaf was counted. 

Leaf area: -were measured from the same five plants already earmarked for recording plant 

height using leaf area meter at the end of 50% flowering stage by distractive approach. 

Leaf area index: - Were determined by measuring five plants canopy in each plot and 

dividing leaf area by their canopy. 

Number of nodules per plant: - were determined at 50% flowering from the same five plants 

by uprooting the plants carefully and counting their nodules. 

Number of branches per plant: was measured from five plants already earmarked for 

recording plant height at end of 50% mature in each plot. 

 

Yield and Yield Components  

Number of pod bearing branches per plant: - was taken from five randomly selected pod 

bearing plants at the end of harvest in each plot.  

Number of pods per plant: - Number of pods was counted from the same five randomly 

selected plants at the end of harvest in each plot.  

Number of seeds per pod: - Was taken from the same five randomly selected pods at the end 

of harvest and each of seeds were counted manually in each plot.  

Pod length: - Was measured from the tip to the bottom of the pod from five pods randomly 

selected from five plants for number of seeds at the end of harvest in each plot. 

100 Seed weight: Was taken from randomly selected 100 beans in each plot after adjusting 

the moisture content to 12% at the end of harvest. 

Total Biological yield: The above ground biomass was collected and measured from the net 

plot area including grain yield and expressed as kg/ha.  

Above ground biomass (kg) was collected and measured at harvest after sun drying from 

harvestable row and expressed as kg/ha. 
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Grain Yield (kg/ha): Bean yields were measured from the net plot area and expressed as 

kg/ha. Bean yield was adjusted to 12% moisture using a digital moisture tester.  

Harvest index: - Was calculated as the ratio of economic yield (grain yield) of harvestable 

row to biological yield of harvestable row multiplied by 100. 
 

 3.5.4. Land Productivity and Economic Benefits 
 

Productivity of the intercropping system was determined by calculating the land equivalent 

ratio (LER) as per (Willey 1991). 

 
Where, La and Lb = the LERs for maize and common bean crops in the mixture respectively; 

and Ya and Yb = the maize and common bean crop yields in an intercropping situations, Sa 

and Sb= the yield of maize and common bean in sole crops.  

 

Economical advantage was assessed using gross monetary values (GMV) to evaluate the 

economic advantage of intercropping as compared to sole cropping (Willey, 1979). For this, 

the existing local market prices were 5, 7 and 8 ETB per kilogram for maize grain, Nasir and 

Local Asendabo bean at Jimma market at the end of May 2014.  

 

Gross Monitory Value (GMV) = Value of combined intercrop yield x LER – 

                                                                                                                               LER 

   1   . 

3.6. Statistical Analysis 

 

Data were subjected to analysis of variance (ANOVA) using (Gen Stat version 13). 

Significance differences between treatment means were delineated using Least Significance 

Difference (LSD) test at 5% probability level.  
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4. RESULTS AND DISCUSSION 
 
4.1. Soil Analysis 
 
Analytical results of the composite surface soil indicated that the soil was acidic in reaction 

with a pH of 5.1(Table 2); It was within the suitable range for maize production as normal soil 

pH for maize is 5-8, with a pH of 6-7 probably being an optimal for most varieties (Martin, 

1993).    

 

As the result on table 3 indicated the low amount of organic matter in the soil and Nitrogen 

might be related to environmental conditions, particularly to vegetation, climate and to the 

history of cultivation. Practicing sequential cropping, competitive crop those highly absorb 

Nitrogen fertilizer in the soil, erosion and total removal of the crop residue might have 

contributed to the low level of organic matter and total nitrogen (Willet, 1994). 

 

The available phosphorus of the experimental soil 0.26 ppm was low revealing that the 

amount of plant nutrient in the soil was deficient.  According to (Foster, 1973), P response is 

likely in soils with less than 20 mg/kg soil of soil extractable P. (Amar, 1999) also reported 

that the values of available P lower than 50-55 mg/kg soil likely showed the potential yield 

response to P applications. 
 

Table 2. Major characteristics of the soil of study site before planting 

Soil Parameters               Values 
Total Nitrogen (%) 1.74 

pH (H2O, KCl) 5.10 
Organic carbon (%) 2.22 

Organic matter (%) 3.83 

Available phosphorus (ppm Bray II) 0.26 

Available potassium (meq K/100g) 2.11 
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4.2. Response of Maize  

  

4.2.1 Phenology and Growth Response 
 

The analysis of variance showed that days to 50% tasseling, days to 50% silking and days to 

50% maturity were not significantly (Appendix Table1) influenced by the main effect of 

common bean variety. Likewise, the component density and the cropping system effects were 

observed to be non-considerable for all phenological parameters of maize in the study. It 

might be from the environmental factors that did not cause influence on phenology of maize; 

because the experimental location of the plant was the same for all and it did not cause 

variation on maize phenology. Similar to this finding, Demessew (2002); Yesuf (2003) and 

Dechasa (2005) reported that days to 50% emergence and maturity of maize/common bean 

and sorghum/common bean are not affected by component planting density.   

 

The number of days required for 50% tasseling and silking was relatively the same for all 

treatments and it took around 76 and 81 days, respectively in all plots (Table 3). These might 

be from rain fall received in the March (397.9 mm) by the crop during tussling and silking 

(Appendix Table 6). 

 

The main effect of common bean varieties, component planting density as well as cropping 

system had no significant effect on the days to 50% physiological maturity of maize 

(Appendix Table1). The mean number of days required from planting to maturity was (121) 

days for both sole and intercropped maize (Table 3). Since maize as a main crop was not 

influenced by significance different on maize maturity time, indicating the more effect of 

genetic factors, because the variety of maize did not showed difference as it is only the same 

variety for all treatments. The result agreed with the findings of Demessew (2002); Yesuf, 

(2003); Sisay (2004) whose described that non-significant effect of cropping system was 

reported on physiological maturity of maize. Similarly, Wahan (1983) in Abraha (2013) 

mentioned that maize mono crop has growth period of 120 days and was not significantly 

different from maize intercropped with cowpea cultivars Glenda and Agrinaw which took 120 

and 121 days to maturity. 
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Table 3. The main effects of common bean variety and component density on phenology and 

plant height of hybrid maize intercrop and sole crop at Jimma 

 
LSD=Least Significant Difference, CV=Coefficient of Variation, SEM = Standard Error of 
Mean, M = maize, N = Nasir, C= common bean, M + N =Maize + Nasir, M + L=Maize + 
Local Asendabo.  

Treatment  Days  to 50%   

                                  Tasseling Silking Maturity Plant height (cm) 

M+N 75.89 81.17 120.78 237.12 

M+L 75.78 81.06 120.61 238.10 

SEM (±)  0.28 0.22 0.21 1.55 

LSD (0.05) NS NS NS NS 

Maize and Common 

bean Component density 

    

     

M+C (100% *17.7%)   75.33 80.68 120.2 236.5 

M+C (100% * 26.7%) 75.33 80.83 120.5 234.3 

M+C (100% * 53.3%) 75.67 81.02 120.5 237.0 

M+C (75% * 17.7%) 76.00 81.18 120.7 239.4 

M+C (75% * 26.7%) 76.00 81.18 120.5 241.2 

M+C (75% * 53.3%) 76.67 81.83 121.8 237.3 

SEM (±) 0.50 0.38 0.37 1.55 

LSD (0.05) NS NS NS NS 

Cv (%) 1.6 1.2 0.7 5.45 

Cropping pattern    

Inter cropped maize 75.84 

 

81.12 

 

120.71 

 

236 

Sole Maize  76.00 81.33 121 235.7  

SEM (±) 0.37 0.85 0.66 2.13 

LSD (0.05) NS NS NS NS 

CV (%) 1.6 1.1 0.8 4.3                   
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4.2.2 Growth Response 
 
Plant height: The main effects of variety, component population density and interaction of 

common bean varieties and component densities of both maize and common bean had shown 

non-significant influence on maize plant height (Appendix Table 1). The maximum plant 

height 241.2 cm was recorded by 75% maize population density intercropped with 26.7% 

common bean population density. In contrast, the minimum plant height 234.3 cm was 

recorded from 100% maize intercropped with 26.7% common bean population densities 

(Table 3).  

 

Also cropping system did not show significance difference with nearly equal responses in 

plant height between intercropped and sole plots. This might be due to efficient resource use 

ability of maize plant and relatively many genes that can control plant height to express across 

environment may be highly stable. However, plant height of maize obtained from an 

intercropping with local bean was greater than that of an intercropping with Nasir common 

bean. In accordance with the present finding, Dechasa (2005) on sorghum/bean, Sisay (2004) 

on sorghum/green gram, and Demesew (2002) on maize/common bean, reported that planting 

density had no significant effect on plant height of sorghum and maize. In another 

intercropping study, Wogayehu (2005) found that maize plant height was not significantly 

affected by the associated haricot bean varieties. Similarly, Belay et al. (2008) reported that 

no significant difference was observed between treatments in terms of plant height and 

diameter of maize in maize common bean intercropping. Thobatsi (2009) and Makgoga 

(2013) also found that intercropping of maize with grain legumes had no significant 

differences in maize plant height. 

 

Leaf area: Results showed that total leaf area of maize was significantly (P < 0.01) affected 

by the main effect of common bean variety, component density and interaction of common 

bean variety and component density of the common bean and maize; however cropping 

system showed non-significant variation (Appendix Table 1). The highest leaf area (546.8 

cm2) was recorded by the interaction effect of 75% population density of maize and 17.7% 

local bean population density. In contrast, the lowest (444.8 cm2) was recorded by the 
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interaction effect of 100% population density of maize and 53.3% local common bean variety 

population density (Table 4). The reduction in leaf area of maize could be due to the enhanced 

local bean plant height and reduce leaf growth of maize with increased population density of 

bean from low light interception during the latter growth stages. Moreover, the time at which 

local common bean growth and cover the maize was the critical period at which light must be 

harvested by crops and greater assimilate must be supplied by the leaf in order to increase 

yield. In another study, Tsubo et al. (2003) on maize/bean intercropping reported that the 

photosynthetic organ (leaves) of maize becomes thinner and reduced its area due to shading 

effect of common bean.  

 

Leaf area index: As indicated in (Appendix Table 1), leaf area index was significantly 

(P<0.05) affected by the interaction effect of component population density and common 

bean variety. The maximum leaf area index of maize 4.06 was recorded by 100% maize 

population density in combination with 53.3% Nasir population density. In contrast, the 

minimum (1.70) was recorded when 100% maize population density mixed with 53.3% local 

common bean variety population density (Table 5). However non-significant variation was 

recorded between cropping system, the results depicted that intercropped maize has lower 

LAI than sole maize (Table 5). The decrease in LAI in the intercropped maize could be most 

likely due to inter specific competitions among the higher population of the component crops 

for growth resources. Also the nature of local variety to climb nearby crop and canopy 

structures due to its larger leaf might be decrease the other crops LAI. Similarly, Pal (2004) 

reported that optimum LAI in crop communities is attained with adjustment of plant density 

and leaf area per plant. And the leaf area index per plant remained constant or unaffected until 

plant stand is increased above the density at which neighboring plants begin to compete for 

the resources. Sivaraman and Palaniappan (1995); Demesew (2002); Tolera (2005) in maize 

bean intercropping reported that intercropping significantly reduced leaf area index of maize 

at higher population of component crops. Yesuf (2003) reported that the LAI of sorghum was 

significantly affected due to the main effect of population density. On the contrary, Tamado 

(1994); Sisay (2004) reported that planting pattern and plant density or their interaction on 

leaf area indices of sorghum was not statistically significant. In growing canopies, foliar traits 
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(such as leaf area index and leaf mass per unit area) are the important factors in leaf light 

harvesting capacity and photosynthetic potentials Niinemets and Sack (2006). 

Table 4. Interaction effect of common bean variety and component density of maize and 

common bean on leaf area (cm2) of sole and intercropped maize. 

 Bean population density 

Maize population with common bean variety  17.7% 26.7% 53.3% 

  Maize 75% + Nasir     462.2f  496de  511.0c 

  Maize 100% + Nasir     508.1c  530.1b  488.6e 

  Maize 75% + Local    546.8a  496.0de  471.1f 

  Maize 100%+ Local     508.1c  505.4cd  444.8g 

  SEM (±)    5.02   

  LSD (0.05)    10.41   

  CV (%)    4.2   

Intercrop Vs Sole crop    

  Inter crop   497.47   

  Sole crop   504.40  

 

 

 SEM (±)   3.45  

 LSD (0.05)  NS   

 CV (%)   3.9   

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

Other at 5 % level of significance. SEM = Standard Error of Mean, LSD=Least Significant 

Difference, CV= Coefficient of Variation.  
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Table 5. Interaction effect of common bean variety and component density of maize and 

common bean on Leaf Area Index of sole and intercropped maize.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

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

Other at 5 % level of significance. SEM = Standard Error of Mean, LSD=Least Significant 

Difference, CV= Coefficient of Variation. 

 

 

 

 

 

 

 

 

 Bean population density 

Maize population with common bean variety  17.7% 26.7% 53.3% 

  Maize 75% + Nasir    3.48ab   3.48ab 3.09ab 

  Maize 100% + Nasir    3.23ab   4.04a   4.06a 

  Maize 75% + Local    3.98a   3.93ab  3.07ab 

  Maize 100%+ Local    4.00a   3.47ab   1.70b 

  SEM (±)    0.95   

  LSD (0.05)    1.96   

  CV (%)    21.6   

Intercropped vs sole cropped    

  Inter crop    3.46   

  Sole crop    3.78   

  SEM (±)    0.61   

  LSD (0.05)    NS   

  CV (%)    9.3   
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4.2.3 Yield and Yield Components 
 

4.2.3.1 Yield Components 
 
Number of cobs per plant: The analysis of variance (Appendix Table 2) indicated that, 

however cropping system indicates non-significant effect, the main effect of variety, 

component population density and the interaction effect of them had highly significant effect 

(P<0.01) on number of cobs per plant. Accordingly, the highest cob number was recorded 

from 100% maize population density intercropped with 26.7% population density of Nasir 

common bean variety. The lowest cob number per plant was recorded from 100% maize 

population density intercropped with 53.3% Local bean population density (Table 6). The 

highest cob number might be from the low competition of crops caused from optimum 

combined population density of maize and common bean crops. Because high plant density 

reduces light interception per plant and it is likely that mutual shading affect source capacity 

to supply a second ear with photo assimilate. Thus, apical-ear yield seemed to be sink-limited, 

while source capacity seemed to limit the growth of the second ear. Edmeades et al. (2000) 

demonstrated that assimilates moved preferentially from a leaf to its nearest sink. This implies 

that leaves above and immediately below the primary ear supply most of assimilate for grain 

filling, while assimilates from the lower leaves are more likely to be translocate into the root 

and lower stem. The same result was obtained by Sarquis et al. (1998) found that plant 

density strongly influences the rate and duration of crop growth and ultimate fate of multiple 

ears. They found that a 30% reduction in light interception by the canopy during the crop 

cycle was enough to completely suppress the development of a second ear. Makgoga (2013) 

also found that number of cobs per plant significantly affected by cropping system and variety 

of both dry bean and lablab treatments. Maize had the highest number of cobs per plant (1.6) 

when intercropped with dry bean followed by optimum population. He also suggested that 

intercropping maize with dry bean benefitted the maize plants. Similarly, Rezaei-Chianeh et 

al. (2011) found that cob number was significantly influenced by maize and faba bean 

densities and their interaction. 
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Table 6. Interaction effect of common bean variety and component density of maize and 

common bean on Number of Cobs per plant of sole and intercropped maize.  

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

other at 5 % level of significant. SEM = Standard Error of Mean, LSD=Least Significant 

Difference, CV= Coefficient of Variation.  

 

Number of seeds per cob: Results showed that number of kernels (seed) per cob was highly 

significantly affected by the main effects of variety and component population density and by 

the interaction effects of the main effects, but cropping system did not showed significant 

effect. The maximum number of kernel (557.3 ) per cob was recorded by 100% maize 

population density mixed with 26.7% Nasir variety population density and the minimum 

(190.8) seeds per cob was recorded by 100% maize population mixed with 53.3% Local 

common bean population density (Table 7). The maximum seed number might be also from 

the low competition of crops and the lowest caused from the high competition of crops for 

nutrient and moisture that leads to decrease in fertile plants to bear high seeds. Francis et al. 

 Bean population density 

Maize population with common bean variety  17.7% 26.7% 53.3% 

  Maize 75% + Nasir 1.95b 1.45f 1.64d 

  Maize 100% + Nasir  1.42f 2.19a 1.72c 

  Maize 75% + Local 1.75c 1.13g 1.65d 

  Maize 100%+ Local  1.42f 1.56e 1.00h 

  SEM (±) 0.03   

  LSD (0.05) 0.05   

  CV (%) 2.00   

Intercropped vs sole cropped    

  Inter crop 1.57  

  Sole crop 1.51   

  SEM (±) 0.02   

  LSD (0.05)  NS   

  CV (%) 5.90   
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(1982) reported that, the kernels per cob differences in crop mixture are influenced by not 

only the presence of other crops, but also by densities and spatial arrangement of crops and 

levels of resource availability caused crop competition within the two crops. Buren et al. 

(1994) reported that the number of plants at low or high plant density becomes a limiting 

factor for the yield of maize crops. At low plant density the number of plants limit yield 

because of few cobs produced, whereas at high plant density yield is limited by the number of 

barren plants and a decrease in number of kernels per ear or both (Hashemi-Dezfouli and 

Herbert, 1992). 

 
Table 7. Interaction effect of common bean variety and component density of maize and 

common bean on number of seeds per cob of sole and intercropped maize.  

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

other at 5 % level of significance. SEM = Standard Error of Mean, LSD=Least Significant 

Difference, CV= Coefficient of Variation. 

 

 Bean population density 

Maize population with common bean variety  17.7% 26.7% 53.3% 

  Maize 75% + Nasir 471.1c 332.5i 549.4b 

  Maize 100% + Nasir  337.6i 557.3a 453.3d 

  Maize 75% + Local 414.7e 204.9j 407.3f 

  Maize 100%+ Local  356.1h 389.1g 190.8k 

  SEM (±) 0.03   

  LSD (0.05) 5.28   

  CV (%) 2.10   

Intercropped vs Sole cropped    

  Inter crop 388.68  

  Sole crop 375.80   

  SEM (±) 0.02   

  LSD (0.05) NS    

  CV (%) 5.89    
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Cob length: As indicated in (Appendix Table 2) cob length of maize had statistically 

significance difference (P<0.01) due to the main effect of bean variety, component population 

density and interaction of both. The maximum number of cob length 21.73 cm was recorded 

by 100% maize plant population intercropped with 26.7 Nasir common bean plant 

populations. The minimum number of cob length was 10.72 cm, which were recorded by 

100% maize plant population in combination with 53.3% local common bean plant population 

(Table 8). The maximum cob number per plant and the maximum seeds per cob observed in 

the same plot, leads to increase in the number of cob length. The lowest maize cob length 

might be, because of high population of Local common bean and due to vigorous nature of 

plant growth that leads to higher competition among crops to harvest light. Madonni et al. 

(1998) who reported that decreased incident solar radiation reduced both cob length and cob 

mass through reductions in biomass production. 

 

However significant variation was not seen between cropping systems, the highest result of 

cob length was recorded by intercrop and the lowest were recorded by sole crop 17.78, 16.99, 

respectively (Table 8). Because intercropped maize get additional fertilizer from common 

bean legumes through biological nitrogen fixation with the use of legumes and increases soil 

conservation through ground coverage of intercropping. Similarly, Oljaca et al. (2000) found 

that the highest ear length of maize was obtained in intercrop than sole crop in both rain fed 

and irrigation. 

 

Cob weight: The result revealed that cob weight was significantly (P<0.05) affected by the 

main effect of bean variety, component population density and their interaction (Appendix 

Table 2). Cropping system did not showed significance difference on cob weight. The 

maximum cob weight 0.69 kg was recorded by 100% maize plant population in combination 

with 26.7% Nasir common bean variety. The minimum cob weight 0.30 kg was recorded by 

100% maize plant population intercropped with 53.3% Local common bean plant population. 

Increasing the number of kernels per cob and cob length by population densities of 100% 

maize intercropped with 26.7% Nasir common bean leads to increase in cob weight in the 

same variety and population of maize and common bean (Table 10). The decrease in the 

number of seeds per cob and cob length in 100% maize population intercropped with 53.3 
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common bean population leads to decrease in cob length in the same variety and population 

density of maize and common bean. In addition, the greater number of nodules by Nasir 

Variety might cause the maize cob weights the highest. The competition might not be between 

the neighboring plants only. The cobs on the same plant might be compete with themselves, in 

order to complete their growth, a second ear must reach a minimum stage of growth before 

active grain filling begins in the first ear. In a similar case Sarquis et al. (1998) found that, at 

high plant density, the equilibrium between the two ears seemed to be affected due to a 

stronger competition between them as evidenced by a more severe decrease in grain mass. 

Many researchers have reported that the plant population and the arrangement of the plants 

have an effect on the number and mass of the ears produced (Hatfield et al., 1984).  

 

Table 8. Interaction effect of common bean variety and component density of maize and 

common bean on Cob length of sole and intercropped maize.  

 Bean population density 
Maize population with common bean variety  17.7% 26.7% 53.3% 
  Maize 75% + Nasir   17.35e  18.73d   20.65b 
  Maize 100% + Nasir   15.13g  21.73a   16.21f 
  Maize 75% + Local  19.39cd  16.17f   19.07cd 
  Maize 100%+ Local   18.63d  19.63c   10.72h 
  SEM (±)  0.51   
  LSD (0.05)  0.86   
  CV (%)  2.85         
Intercropped vs Sole cropped    
  Inter crop 17.78   
  Sole crop 16.99   
  SEM (±) 0.62   
  LSD (0.05) NS   
  CV (%) 5.70    
Means followed by the same letter within a column are not significantly different from each 

other at 5 % level of significance. SEM = Standard Error of Mean, LSD=Least Significant 

Difference, CV= Coefficient of Variation. 
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Table 9. Interaction effect of common bean variety and component density of maize and 
common bean on Cob weight of sole and intercropped maize.  

 Bean population density 

Maize population with common bean variety  17.7% 26.7% 53.3% 

  Maize 75% + Nasir    0.59b   0.50e   0.56bcd 

  Maize 100% + Nasir     0.52cde   0.69a   0.49e 

  Maize 75% + Local    0.56bcd   0.49e   0.48e 

  Maize 100%+ Local     0.57bc   0.52de   0.30f 

  SEM (±)    0.02   

  LSD (0.05)    0.05   

  CV (%)    5.50   

Intercropped vs Sole cropped    

 Inter crop   0.52   

 Sole crop   0.52   

 SEM (±)   0.02   

 LSD (0.05)   NS   

 CV (%)   5.30   

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

other at 5 % level of significance. SEM = Standard Error of Mean, LSD=Least Significant 

Difference, CV= Coefficient of Variation. 

 
Shoot dry biomass: There was a significant (P<0.01) effect due to the main effect of 

common bean variety, component density and interaction of the main effects on dry biomass 

of maize (Appendix Table 2). The maximum (3149 kg/ha) dry biomass was recorded by the 

interaction effect of 100% maize population density intercropped with 26.6% Nasir common 

bean population density. The minimum (2134 kg/ha) was recorded by 100% maize population 

intercropped with 53.3% Local common bean population density (Table 10). The main reason 

for this could be increasing maize density with the corresponding increment of nitrogen 

fertilizer by nodulation that supports the vigorous vegetative growth of maize plants besides 

low population of Nasir that did not compute with maize for growth resources.  
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Moreover, dry biomass production per hectare also showed a significant difference (P<0.05) 

between cropping system. Mean intercropping maize had 2747.92 kg/ha maximum dry 

biomass and the minimum 2239kg were recorded by mean sole maize (Table 10). The main 

reason for this could be increment of nitrogen fertilizer by nodule of common bean supports 

the vigorous vegetative growth of maize plants. The vigorousity of above ground part of 

maize plants enables them to harvest ample solar radiation, which resulted in the increment of 

photosynthetic rate. This higher rate of photosynthetic rate also results in higher accumulation 

of dry matter. In agreement with the finding of Cochran and Schlentner (1995) who reported 

that intercropping oat and faba bean produced high dry biomass than sole crop. Similarly, 

Ofosu-Budu et al. (1995) revealed that sorghum dry weight under mixed cropping of sorghum 

+ soya bean gave higher dry biomass yield. Biscoe and Gallagher (1977) also reported that the 

rate of dry matter production in crops depend on the efficiency of the interception of photo 

synthetically active radiation (PAR). 
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Table 10. Interaction effect of common bean variety and component density of maize and 

common bean on shoot dry biomass of sole and intercropped maize. 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

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

other at 5 % level of significance. SEM = Standard Error of Mean, LSD=Least Significant 

Difference, CV= Coefficient of Variation.  

 

Thousand seed weight: As given in Appendix Table 2 the effects of intercropping on the 

thousand seed weight were significantly (P<0.01) different due to the main effects of 

varieties, component population densities and interaction effect. The maximum 1000- seed 

weight of 431.3 g was recorded by 75% maize population densities intercropped with 53.3% 

Nasir common bean population density. Whereas, the minimum 1000-seed weight 352.3 g 

was recorded by 75% maize population density intercropped with 26.7% Nasir common bean 

population density (Table 11). The increased number of Nasir population density might be 

increase the 1000- seed weight of maize and the lower number of Nasir common bean leads to 

decrease in 1000-seed weight of maize. Because as Nasir variety increase in population 

 Bean population density 
Maize population with common bean variety  17.7% 26.7% 53.3% 

  Maize 75% + Nasir   2606d  2234f   2975bc 

  Maize 100% + Nasir    2926c  3149a   2582d 

  Maize 75% + Local   3133a  2463e   2613d 

  Maize 100%+ Local    3014b  3146a   2134g 

  SEM (±)  82.58   

  LSD (0.05)  142.90   

  CV (%)  9.17   

Intercropped vs Sole cropped    

 Inter crop 2747.9a   

 Sole crop 2239b   

 SEM (±) 446.70   

 LSD (0.05) 643.40   

 CV (%) 14.50   
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density, number of nodules fixed also increase; further the assimilate increase in maize and 

grain weight increased in a similar case.        

 

Cropping system also showed significance (P<0.05) difference on thousand seed weight. Sole 

crop had the maximum 1000- seed weight than intercropped maize (Table 11). Because the 

intercropped was sown with the different component population density of maize and 

common bean; so the deceased in 1000- seed weight in intercropped might be from the 

competition of different population of the component crops. The present finding was the same 

with that of Abraha (2013), who reported that 1000- seed weight of sole maize as compare to 

intercrops, where the higher was recorded from mono crop. Similarly, Thobasti (2009) 

indicated highest 1000-seed weight was recorded by sole crop than maize intercropped with 

cow pea cultivar.  

 
Table 11. Interaction effect of common bean variety and component density of maize and 
common bean on 1000 seed weight (gm.) of sole and intercropped maize. 

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

other at 5 % level of significance. SEM = Standard Error of Mean, LSD=Least Significant 

Difference, CV= Coefficient of Variation. 

 

 Bean population density 
Maize population with common bean variety  17.7% 26.7% 53.3% 
  Maize 75% + Nasir   405.2cde   352.3f   431.3a 
  Maize 100% + Nasir   407.8cde   420.1ab   398.3e 
  Maize 75% + Local  412.3bcde   399.3de   414.0bcd 
  Maize 100%+ Local   418.0abc   414.3bc   418.2abc 
  SEM (±)  7.36   
  LSD (0.05)  15.25   
  CV (%)  2.20   
Intercropped vs Sole cropped    
 Inter crop  407.59b   
 Sole crop  430.90a   
SEM (±)  5.12   
 LSD (0.05)  14.96   
 CV (%)  4.20    
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Total biomass yield: The main effect of variety, component planting density and their 

interaction had significant (P<0.01) effect on total biomass yield per hectare (Appendix Table 

1). The maximum 11709 kg/ha total biomass was recorded when 100% maize population 

density intercropped with 53.3% Local common bean population density and the minimum 

3418 kg/ha was recorded when 100% maize population density intercropped with 26.6% 

Nasir common bean population density. The maximum total biomass yield was recorded on 

the plot that gave the minimum grain yield and the minimum was recorded on the plot that 

gave maximum grain yield. The reason might be the absorbed nutrients by crop were 

transferred to grain yield and reduce the dry matter production. The result of this study, agree 

with the findings of Ludlow and Muchow (1988), described that assimilate remobilization 

tends to improve yield stability by acting as a buffer against the effects of water deficits on the 

current assimilation. They further stated that a higher transfer of assimilates to the grain 

would reduce the proportion of dry matter produced early in growth that may be left as a 

Stover.  
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Table 12. Interaction effect of common bean variety and component density of maize and 

common bean on Total Biomass of sole and intercropped maize. 

 Bean population density 

Maize population with common bean variety    17.7% 26.7% 53.3% 

  Maize 75% + Nasir   8048cd 8177c 7953d 

  Maize 100% + Nasir    6880 g 3418 j 4520 i 

  Maize 75% + Local   6240h 10196b 7992cd 

  Maize 100%+ Local    7159 f 7397e 11709a 

  SEM (±) 16.10   

  LSD (0.05) 33.40   

  CV (%) 5.30   

Intercropped vs Sole cropped    

Inter crop 7474.08 

Sole crop 7515.36   

SEM (±) 1436   

LSD (0.05) Ns   

CV (%) 11.90   

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

Other at 5 % level of significance. SEM = Standard Error of Mean, LSD=Least Significant 

Difference, CV= Coefficient of Variation. 
 

Grain yield:  The result regarding grain yield showed that there were highly significant 

(P<0.01) differences in grain yield of maize due to the main effect of variety and component 

population density as well as interaction effect (Appendix Table 2). Among intercropping the 

maximum grain yield (7821 kg/ha) was recorded by the interaction of 100% maize population 

density intercropped with 26.7% Nasir common bean population density. The minimum grain 

yield (2290 kg/ha) was recorded by 100% maize population density intercropped with 53.3% 

local common bean population density (Figure 1). This showed that among population density 

of maize and common bean 100% maize population density and 26.7% Nasir common bean 

population density gave the maximum grain yield and the other yield components revealed the 

same result. This occurs because short season hybrids maize are normally smaller, produce 
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less leaves, have lower leaf area per plant and present fewer self-shading problems than the 

long season hybrids maize. Therefore, for short season hybrids maize it is necessary to have a 

greater number of plants per area to generate the leaf area index that provides maximum 

interception of solar radiation, an essential step to maximize grain yield. This was as a result 

of population density was the optimum that do not allow competition among crop for nutrient 

and the wide row spacing with uneven density, which seems favorable for light interception in 

the middle and lower canopies;  also the Nasir Variety which was intercropped with maize 

was not computed with maize for nutrient and light. Moreover it increases nitrogen fertilizer 

by nodules for maize. In agreement with this, Tesfa et al. (2002) found the highest grain yield, 

when the optimum total plant density was higher than that of either sole crop. 
 

The significant variation (P<0.05) among cropping system indicated that, the maximum mean 

intercropping was 4990 kg/ha and sole crop was 4790 kg/ha (Figure1). This might be caused 

from Nitrogen fixed by common bean and the moisture that conserved in the soil by the 

canopy of the crops that helps to reduce evaporation was the main reason for the increment of 

grain yield of intercropped maize. 
 

Also Odhiambo and Ariga (2001) reported that the association of common beans and maize 

significantly increased the seed yield of maize in Eastern Kenya. The synergistic effect of 

common bean towards improvement of yield has been linked to the symbiotic fixation of 

atmospheric nitrogen which improved the nutrition of the plant. In addition, it has been shown 

that, common bean plays a positive role in the solubilization of phosphorus (P) and improves 

productivity by fixing the nitrogen from the air. In this respect, an increase in maize yield by 

70% has been observed with association to common bean (Odhiambo and Ariga, 2001). 

Similarly, Kheroar and Patra (2013) reported that grain yield of maize was increased when 

intercropped with legumes like green gam, black gram and soybean. The yield advantage of 

maize in intercropping system with legumes probably occurred from the difference on the 

timing of utilization of resources by the different crops from different soil layers especially 

during peak vegetative and reproductive stage of growth, thus results in both temporal and 

spatial complementarities. They also increase in grain yield of maize might be resulted from 

maize- legume association by optimum plant density due to symbiotic nitrogen fixation by 
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legume and current transfer of nitrogen to the association maize plants. In addition, there was 

bonus yield from legume component, which corroborated (Kheroar and Patra, 2013). 
 

When we compare maize intercropped with Nasir, maize intercropped with local and sole 

maize with each other, the maximum 5684 kg/ha were recorded by mean maize grain yield 

intercropped with Nasir followed by 4790 kg/ha maize sole and the minimum 4296 kg/ha was 

recorded by mean intercropping of maize with local. These might be from the high 

competitiveness of local variety. which agree with Tesfa et al. (2011) whose found from an 

experiment carried out on farmers’ fields at  Jimma zone that, maize yield intercropped with 

local  large bean (2718 kg/ha) was less than sole maize yield (3211 kg/ha) and intercrops 

maize yield with Nasir (3272 kg/ha). In addition, the location, variety and management 

system might have its own influence. Similarly Chemeda (1997) reported yield reduction of 

maize grain by 24% in intercropping of maize with common bean due to higher inter-specific 

competition for available resources such as nutrients, soil moisture and root spaces between 

component crops. Muoneke et al. (2007) reported that some soya bean varieties, which were 

grown vigorously affect maize grain yield. Setegn (1997) found that yield levels of maize 

were reduced as high as 781 kg/ha in mixture with different genotypes of climbing bean. 

Tolessa et al. (2002); Davis and Garcia (1987); Harwood et al. (2000) also get the same 

result.  

 

The grain yield of intercropped maize with local (climbing bean) was reduced by 494 kg/ha as 

compared to sole crop. It might be resulted from inter specific competition of component 

crops for nutrient and light and due to growth nature of this bean to climb and cover nearby 

crop. Similarly, Kimani et al. (1999) found intercropping maize with climbing bean tended to 

lower maize grain yield. Francis et al. (1982) reported maize yield decreased by 31% when 

intercropped with climbing bean. Besides, the yield differences in crop mixture are influenced 

by not only the presence of other crops, but also by densities and spatial arrangement of crops 

and levels of resource availability in the two systems (Francis et al., 1982). 
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Figure 1.Interaction effect of common bean variety and component density of maize and 

common bean on yield per hectare of sole and intercropped maize.  

 

 
Interaction of variety and component density                                Intercrop Vs. sole crop 

SEM (±) = 71.78                                                                                    SEM (±) = 203.78 

LSD (0.05) = 124.3                                                                                     LSD (0.05) = 293.52  

CV (%) = 16.57                                                                                      CV = 18.44 

MY= Maize Yield, SEM= Standard Error of Mean, LSD = Least Significance Difference, CV 

= Coefficient of variation.  

 

Harvest index: The result revealed that, unlike component population density and cropping 

system there was statistically significant (p<0.05) variation due to the main effect of variety 

and interaction of component density and variety on maize harvest index (Appendix Table 1). 
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The maximum harvest index was 54.64 recorded by 100% maize population densities 

intercropped with 26.7% Nasir variety population density. The minimum harvest index 36.27 

was recorded by 100% maize population density intercropped with 53.3% Local variety 

population density (Table 13). The maximum harvest index might be from the increased 

partitioning of dry matter accumulation to seed. In addition, variations in environmental 

factors, genetic differences of varieties might have influenced harvest index. Similarly 

Ludlow and Muchow (1988) reported that a higher transfer of assimilates to the grain would 

maximize the harvest index and reduce the proportion of dry matter produced in early growth 

phase that may be left as a stover. 

 

Table 13. Interaction effect of common bean variety and component density of maize and 

common bean on Harvest Index of sole and intercropped maize. 

 Bean population density 

Maize population with common bean variety  17.7% 26.7% 53.3% 

  Maize 75% + Nasir 51.34abcd 49.34abcd 43.50bcdef 

  Maize 100% + Nasir  48.22abcde 54.64a 53.16ab 

  Maize 75% + Local 52.64abc 39.50ef 54.20a 

  Maize 100%+ Local  47.40abcde 41.77def 36.27f 

  SEM (±) 3.06   

  LSD (0.05) 6.35   

  CV (%) 7.90   

Intercropped vs Sole cropped    

Inter crop 47.67  

Sole crop 43.11   

SEM (±) 4.70   

LSD (0.05) NS   

CV (%) 12.20    

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

other at 5 % level of significant. SEM = Standard Error of Mean, LSD = Least Significant 

Difference, CV = Coefficient of Variation.
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4.3 Common Bean  
 

4.3.1. Crop phenology 
 

The analysis of variance (Appendix Table 3) showed that days to 50% flowering and days to 

50% maturity unlike that of days to 50% emergency were not significantly affected by the 

main effect of common bean variety. Similarly, population density and cropping system 

effects as well as interaction effect were not significantly observed for all phonological 

parameters of common bean in the study (Table 14). 

 

Days to 50% emergency was significantly affected by the main effect of variety. The average 

days to 50% emergency of intercropped local bean was 9.43 and the average days to 50% 

emergency of intercropped Nasir were 8.02 days. The early emergency of Nasir variety might 

be from the nature of variety, because different varieties have their own emergency period. 

However significant effect were not seen between days to 50% flowering; there were slightly 

earlier for intercropped bean than sole cropped bean. This might be from more efficient use of 

soil moisture for good germination in intercrops than in sole crops; due to high ground 

coverage of intercrops that conserve soil moisture. As described by Morris and Garrity (1993) 

water use efficiency by intercrops during belg greatly exceeds water use efficiency by sole 

crops, often by more than 18% and as much as 99%. But, during Meher, intercropping was 

not superior to sole cropping, as soil moisture is not so limiting as compared to Belg. 
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Table 14. The main effect of component density and common bean variety on phenology and 

growth parameters of common bean sole and intercropped with maize. 

Source of Variation days to 50% 

emergency 

days  to 50% 

flowering 

days to 50% 

maturity 

Number of 

NodulePlant-1 

Common bean Variety     

M+N 8.20 52.06 90.44 12.87 

M+L 9.43 51.78 90.94 11.68 

SEM (±)  0.11 0.22 0.27 0.06 

LSD (0.05) 0.31 NS NS 0.11 

Maize and Common bean 

Component density 

M+C (100% * 17.7%)  

8.85 52.00 90.17  12.25 

M+C (100% * 26.7%) 8.63 51.83 90.67 12.37 

M+C (100% * 53.3%) 8.50  51.83 90.83  12.13 

M+C (75% * 17.7%) 9.12 51.83 90.83  12.38 

M+C (75% * 26.7%) 8.95 52.00 91.17 12.10 

M+C (75% * 53.3%)  8.85 52.00 90.50 12.40 

SEM (±) 0.18 0.39 0.460 0.18 

LSD (0.05) NS NS NS NS 

Cv (%) 5.0 1.8 1.2 2.1 

Inter crop Vs Sole cropped     

Inter crop 

Sole L  

8.82 

9.53 

51.92 

52.33 

90.70 

90.00 

12.27 

4.07 

Sole N  8.13 52.00 90.67 5.58 

SEM (±) 0.37 0.79 0.97 0.20 

LSD (0.05) NS NS NS 0.29 

Cv (%) 5.1 3.9 1.3 2.2 

M = maize, N = Nasir, C= common bean, M + N =Maize + Nasir, M + L=Maize + Local 

Asendabo, SEM = Standard Error of Mean, LSD=Least Significant Difference, CV= 

Coefficient of Variation. 
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Table 15. The main effect of component density and common bean variety on Leaf number 

and Number of branch per plant of common bean sole and intercropped with maize. 

Source of Variation Leaf number Number of branches 

per plant  

  

Common bean Variety      

M+N 30.40 13.63    

M+L 29.36 13.46    

SEM (±)  0.40 0.45    

LSD (0.05) NS NS    

Maize and Common bean 

component density 

     

M+C (100%*17.7%)  30.70  12.78    

M+C (100%*26.7%) 27.95 13.97    

M+C (100%*53.3%) 31.45 12.93     

M+C (75%*17.7%) 31.52 13.38     

M+C (75%*26.7%) 27.40 14.77    

M+C (75%*53.3%) 30.25  13.42     

SEM (±) 0.70 0.79    

LSD (0.05) 2.04 NS    

Cv (%) 5.7 14.2    

Inter crop Vs Sole cropped      

Inter crop 

Sole L  

29.88 

26.63 

13.54 

14.97 

   

Sole N  28.20 16.00    

SEM (±) 1.46 1.49    

LSD (0.05) NS NS    

Cv (%) 5.8 13.2    

M = maize, N = Nasir, L= Local Asendabo, M + N = Maize + Nasir, M + L = Maize + Local 
Asendabo, C = Common bean, M+C = Maize +Common bean, Sole L = Sole Local, Sole N = 
Sole Nasir. SEM = Standard Error of Mean, LSD=Least Significant Difference, CV= 
Coefficient of Variation. 
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4.3.2. Growth Parameters 
 

Plant height: As indicated in (Appendix Table 4), the main effect of variety, component 

population density and the interaction effect of component density and variety had significant 

(P<0.05) effect on plant height of common bean. The maximum plant height 186.3 cm was 

recorded by 26.7% local common bean population density intercropped with 75% maize 

population density. The minimum plant height (92.3 cm) was recorded by 75% maize 

population density intercropped with 17.7% Nasir common bean population density (Table 

16). The difference in plant height of the varieties could be attributed to the difference in their 

genetic makeup and due to the population density of combined crops. In agreement with this, 

Shahzad et al. (2007) reported that, height of the crop is mainly controlled by the genetic 

makeup of a genotype and it can also be affected by the environmental factors. The result 

obtained from this study was agreed with Tilahun (2002), who reported plant height was 

significantly affected by planting arrangement and the interaction of planting density and 

plant arrangement but not due to the main effect of plant densities. In the report of Kanda and 

Nishizawa (1967) whose revealed that dense planting promoted plant height to a certain level 

at the early stage of growth, while elongation was depressed at later period in rice crop. 

Similarly, Toaima et al. (2000) reported that, plant height was significantly decreased as seed 

rate increased in wheat crop. Baloch et al. (2010) also reported that; the maximum plant 

height (103.3 cm) was observed with seed rate of 150 kg/ha followed by 175 kg seed/ha 

which produced plants of 93.2 cm in wheat. 

 

Leaf number: Statistically no significant variation was noticed in leaf number due to variety 

and component density interaction but, the main effect of component density and common 

bean variety showed significant (P<0.01) variation (Appendix Table 4). The maximum leaf 

number 31.52 was recorded by 17.7% common bean population density intercropped by 75% 

maize population density. The minimum leaf number was 27.40, was recorded by 26.7% 

common bean population density intercropped with 75% maize population density (Table 15). 

The reason might be, higher number of common beans cause decrease leaf number and the 

lower population number leads to many leaf number. Because when plants increased in 

number on per unit area of land, the scarcity of nutrient and moisture will be raised resulting 
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decrease in number of effective branch. Similarly Woolley and Davis (1991) reported leaf 

number of common bean did not show a significance difference due to interaction effect of 

variety and population density.   

 

Leaf area: The main effect of variety and population density showed significant (P<0.01) in 

affecting the leaf area. Likewise interaction effect and cropping system showed a significant 

variation in leaf area. The maximum (436.8 cm2) leaf area was recorded by 17.7% population 

density of local bean intercropped with 100% maize population densities and the minimum 

(214.5 cm2) were recorded when 53.3% Nasir common bean variety intercropped with 100% 

maize population density (Table 17). As indicated in the result the lower leaf area was 

observed in the higher population density that might be resulted from interspecific 

competition between plants, and the lower population density results higher leaf area.  
 

The significant (P<0.01) difference between cropping system indicated that intercropping had 

the maximum leaf area as compared to sole cropping (Table 19). Because intercropping 

increase water uses efficiency of the combined crop that leads to faster growth of leaves and 

also, the competition among crops to sun light cause greater leaf area of intercrops than sole 

crop. Similarly, Walker and Ogindo (2003) found that, intercropping increase the water use 

efficiency of the combined crop. The process whereby the soil surface is shaded quicker under 

the intercropping system is due to the faster growth of the leaves due to competition. This has 

been shown from the leaf area measurements of the maize-bean intercropping system where 

the intercrop had higher leaf area index by 40 days after planting (Walker and Ogindo, 2003).  

This earlier closure of the crop canopy reduced the amount of solar radiation reaching the soil 

surface. The reduction in soil evaporation due to earlier higher leaf area then resulted in there 

being 2-7% more transpiration in the intercrop than in the sole cropping systems. Also 

Wogayehu, (2005), found variety had significant effect on leaf area of common bean.   

 
Leaf area index: The result evidenced that, the main effect of component density and variety 

as well as their interaction had significant (P<0.01) effect on leaf area index (Appendix Table 

3). The maximum 4.66 leaf area index was recorded by 53.3% Nasir common bean population 

density intercropped with 75% maize population density. The lowest 1.48 was recorded by 
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53.3% Nasir common bean population density intercropped with 100% maize population 

density (Table 18). This showed that, as the maize population density intercropped with 

common bean increase in population density the leaf area index decrease; because it might be 

influenced by the high competition of the component crops that leads to decrease the in 

photosynthetic capacity of the crops.    

 

However non-significant difference was observed between cropping system, the highest mean 

LAI (3.04) was recorded for sole common bean which was higher than the mean LAI (2.87) 

of intercropped common bean. These showed that the maximum leaf area index was recorded 

by sole crop and the lowest was recorded by intercrop. The main reason for the differences in 

leaf area index of common bean was due to density differences of sole and intercrops 

population, so that sole crops resulted in higher LAI because of lower density of crops that 

leads to lower competition between crops. Similarly Demesew (2002) obtained a significant 

variation on leaf area index of haricot bean intercropped with maize. Moreover, the 

intercropping had significant effect on leaf area index (LAI). In a similar trend, Tilahun 

(2002) indicated that the main effects of both plant density of faba bean and planting 

arrangement had a significant effect on LAI of the faba bean intercropped with maize.  

Similarly, Wogayehu (2005) found that the leaf area index of Common bean significantly 

affected due to the difference in inherent character of the varieties.  
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Table 16. Interaction effect of common bean variety and component density of maize and 

common bean on Plant Height of sole and intercropped common bean  

  

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

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

other at 5 % level of significant. SEM = Standard Error of Mean, LSD = Least Significant 

Difference, CV= Coefficient of Variation. 

 
 
 
 
 
 
 
 
 
 
 

 Bean population density 

Maize population with common bean variety  17.7% 26.7% 53.3% 

  Maize 75% + Nasir   92.3d   124.5c   121.4c 

  Maize 100% + Nasir    148.3bc   138.3c   130.2c 

  Maize 75% + Local   182.5a   186.3a   180.5a 

  Maize 100%+ Local    176.2a   176.5a   171.9ab 

  SEM (±)   5.56   

  LSD (0.05)   11.16   

  CV (%)   10.5   

Intercropped vs Sole cropped    

 Inter crop   152.41   

 Sole crop   155.00   

 SEM (±)   25.98   

 LSD (0.05)   NS   

  CV (%)   10.10   
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Table 17. Interaction effect of common bean variety and component density of maize and 

common bean on Leaf Area of sole and intercropped common bean.          

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

other at 5 % level of significant. SEM = Standard Error of Mean, LSD = Least Significant 

Difference, CV= Coefficient of Variation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Bean population density 

Maize population with common bean variety  17.7% 26.7% 53.3% 

  Maize 75% + Nasir   231.7gh   239.5g   274.2d 

  Maize 100% + Nasir    304.3de   421.8a   214.5h 

  Maize 75% + Local   324.7cd   298.9e   367.5b 

  Maize 100%+ Local    436.8a   331.5c   330.3c 

  SEM (±)   1.283   

  LSD (0.05)   2.66   

  CV (%)   4.40   

Intercropped vs Sole cropped    

  Inter crop   314.64a   

  Sole crop   273.00b   

  SEM (±)   9.96     

  LSD (0.05)   20.47   

  CV (%)   3.00   
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Table 18. Interaction effect of common bean variety and component density of maize and 

common bean on Leaf Area Index of sole and intercropped common bean 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

other at 5 % level of significant. SEM = Standard Error of Mean, LSD = Least Significant 

Difference, CV= Coefficient of Variation. 
 

Number of nodules per plant: No significant effect was observed due to common bean 

variety and component population density interaction on number of nodules per plant. 

However, cropping system and the main effect of common bean variety indicated significant 

(P<0.05) effect on number of nodules. The result showed the lowest (4.83) number of nodules 

per plant was recorded by sole common bean plants while the highest (12.27) was recorded by 

intercrop common bean (Table 14). This might be from the moisture conserved in the soil 

because of the upper canopy of maize and the lower canopy of common bean that limit 

 Bean population density 

Maize population with common bean variety  17.7% 26.7% 53.3% 

  Maize 75% + Nasir   2.60cd   3.13bc   4.66a 

  Maize 100% + Nasir    3.23bc   2.75cde   1.48e 

  Maize 75% + Local   2.60cd   2.94bc   3.14bc 

  Maize 100%+ Local    4.50a   1.79de   1.64cd 

  SEM (±)   0.37   

  LSD (0.05)   1.07   

  CV (%)   12.6   

Intercropped vs Sole cropped    

  Inter crop   2.87  

  Sole crop   3.04   

  SEM (±)   0.37   

  LSD (0.05)   NS   

  CV (%)   13.3    
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evaporation of moisture from the soil and prevent the direct sun light to reach the ground also 

the competition among plant might be initiate nodulation.  

 

Among varieties the maximum number of nodules was recorded by Nasir common bean 

(Table 16). Because different varieties have different nodule fixing ability; so the above result 

might depend on the genetic makeup of the common bean. In agreement with this, Santalla et 

al. (2001) reported that higher number of nodules per plant was recorded by intercropped 

varieties of common bean than sole cropped. Also Abraha (2013) found that, the intercropped 

Lablab-maize registered higher nodules per plant (12.11) and low was sole lablab which was 

5.33 nodules per plant. In addition, the result between cowpea-maize intercropping and mono 

crop cowpea were statistically significant (P<0.01), where cowpea-maize registered 13.44 

nodule per plant and sole cowpea 8.77 nodules. Also he said that, this might be attributed that 

crop competition stimulates nodulation. Thobasti (2009) reported that, the intercrops cow pea 

cultivar Glenda and Agrinawa had significantly more nodules per plant than compare to sole 

crops.  

 

Number of branches per plant: In the present study, neither the interaction effects of 

common bean varieties and component density, nor their main effects showed significant 

variation on number of branches per plant of common bean (Appendix Table 4). However the 

maximum numbers of branches per plant (14.97) was recorded for sole cropped as opposed to 

the minimum number (13.54) was recorded from the intercropped common bean (Table 15). 

The main reason of the maximum number of branch per plant for sole crop might be from the 

low competition and the lowest might be from the high competitiveness of maize crop than 

common bean. This observation agreed with that of Yadav and Yadav (2000), who reported a 

reduction in the number of branches of Custer bean cultivars mix-cropped with pearl millet 

compared to their pure stand.  
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4.3.3 Yield Components and Grain Yield 

 

4.3.3.1. Yield Components 

 

Number of pods per plant: Analysis of variance showed that, cropping system and the 

interaction effect of component population density and variety had significant (P<0.01) effect 

on number of pods per plant. The maximum number of pods per plant 18.60 was recorded by  

17.7% local common bean population density intercropped with 75% maize population 

density and the lowest 12.40 was recorded by 53.3% local common bean population density 

intercropped with 100% maize population density (Table 19). The reason in low number of 

pods were, due to interspecific competition of crops, the number of effective branch that can 

give greater number of pods was decreased so that the number of pods per plant was 

ultimately decreased. 

  

Regarding the cropping system, the highest 22.01 pods per plant was recorded by average sole 

common bean, whereas the lowest 15.89 was recorded by average intercropped common 

bean. This result showed that, number of pods per plant decreased with the increasing 

planting density. This decrease in pods per plant at higher density was attributed to increased 

competition among plants for growth factors like light and nutrient, which ultimately reduced 

the number of effective branches. This finding is in agreement with Demesew (2002); 

Wogayehu (2005) on maize/common bean intercropping reported that, number of pods per 

plant was significantly affected by common bean varieties and planting density. Adem (2006) 

on sorghum-cowpea found a significant difference on number of pod per plant due to planting 

density. Turk et al. (2003) confirmed that number of pods per plant was negatively related to 

plant density. Similarly the result obtained from this study was in agreement with (Kheroar 

and Patra (2013) who reported that number of pods per plant in green gram, black gram, 

soybean and groundnut were significantly reduced due to intercropping. Also Abraha (2013) 

reported that intercropping significantly (P<0.01) affected number of pods per plant where the 

higher 43.11 was recorded by mono crop averages and the lower 40.77 was recorded by 

intercrop. 
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Number of seeds per pod: ANOVA result indicated that the main effects of component 

density, variety and interaction of the main effects as well as cropping system had significant 

(P<0.05) effect on number of seeds per pod (Appendix-Table 4). The highest number of seeds 

per pod 6.20 was recorded by 53.3% local bean population density intercropped with 75% 

maize population density, and the minimum number of seed per pod 4.00 was recorded by 

53.3% Nasir common bean density intercropped with 100% maize population density (Table 

20). The difference in number of seeds per pod might be because of inherent characteristics of 

the varieties and due to the population density of the plant.  

 
By comparing intercrop with sole crop the highest seed per pod 6.25 was recorded by average 

sole crop and the lowest 5.33 was recorded by average intercrop, which showed sole crop 

common bean had the maximum number of seeds per pod. This might be most likely due to 

competition for soil nutrient and light. The same result was recorded by Yesuf (2003) on 

sorghum-haricot bean and Adem (2006) on sorghum-cowpea intercropping found significant 

difference was seen as a result of planting density effect. This showed that the highest number 

of seed per pod was recorded by sole crop and the minimum is recorded by intercropping. In 

agreement with this Niringiye et al. (2005) revealed that, Values for number of seeds per pod 

and mean grain weight intercrops were slightly lower than in sole crop. Similarly Kheroar and 

Patra (2013) reported that number of seeds per pod was significantly reduced in leguminous 

crops like green gram, black gram, soybean and ground nut due to intercropping.  

 
Pod length: Statistically significant (p<0.01), variation were noticed in pod length due to 

variety and component population density interaction (Appendix Table 4). Among 

intercropping the maximum 15.63 pod length was recorded by 17.7% local bean intercropped 

with 100% maize population density. The minimum 10.93 was recorded by 26.7% Nasir 

common bean population density intercropped with 100% maize population density. The 

higher the number of pod per plant and number of seeds per pod in the sole crops due to lower 

competition caused the highest number of pod length in the sole crop.   

 

Regarding cropping system significant (p<0.01) effect was observed for pod length, the 

maximum pod length 16.59 was recorded by mean sole common bean and the minimum 12.5 
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was recorded by mean common bean intercropping. Also as overall treatment, the maximum 

pod length 17.80 was recorded by sole local common bean. Definitely, the main reason for 

this lower Pod length of the intercropped bean plants could also be due to the higher plant 

population per unit area of the component crops that could compete for the scarce resources to 

reduce the Pod length of the bean plant. In agreement with this result Thobasti (2009) found 

cowpea cultivar Agriwana intercrop produced the shortest pod length 2.66 cm. and there was 

significance reduction in pod length in intercropping condition. 

 
Table 19. Interaction effect of common bean variety and component density of maize and 

common bean on Number of pods per plant of sole and intercropped common bean  

 Bean population density 

Maize population with common bean variety  17.7% 26.7% 53.3% 

  Maize 75% + Nasir   16.47c   17.77b   17.30b 

  Maize 100% + Nasir    14.87d   16.20c   12.50f 

  Maize 75% + Local   18.60a   14.00e   16.27c 

  Maize 100%+ Local    18.22a   16.13c   12.40f 

  SEM (±)   0.25   

  LSD (0.05)   0.51   

  CV (%)   4.90   

Intercropped vs Sole cropped    

 Inter crop   15.89 b 

 Sole crop   22.04 a   

 SEM (±)   0.28   

 LSD (0.05)   0.58   

 CV (%)   7.10   

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

other at 5 % level of significant. SEM = Standard Error of Mean, LSD = Least Significant 

Difference, CV= Coefficient of Variation. 
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Table 20. Interaction effect of common bean variety and component density of maize and 

common bean on Number of seed per pod of sole and intercropped common bean  

 Bean population density 

Maize population with common bean variety  17.7% 26.7% 53.3% 

  Maize 75% + Nasir   5.4ce   5.07d   4.67e 

  Maize 100% + Nasir    5.00d   6.00a   4.00f 

  Maize 75% + Local   5.07d   5.67b   6.20a 

  Maize 100%+ Local    5.67b   5.33c   5.87b 

  SEM (±)   0.11   

  LSD (0.05)   0.24   

  CV (%)   2.6    

Intercropped vs Sole cropped    

  Inter crop   5.33b   

  Sole crop   6.25a   

  SEM (±)   0.11   

  LSD (0.05)   0.22   

  CV (%)   2.4   

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

other at 5 % level of significant. SEM = Standard Error of Mean, LSD = Least Significant 

Difference, CV= Coefficient of Variation. 
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Table 21. Interaction effect of common bean variety and component density of maize and 

common bean on pod length of sole and intercropped common bean. 

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

other at 5 % level of significant. SEM = Standard Error of Mean, LSD = Least Significant 

Difference, CV= Coefficient of Variation. 

 
Hundred seed weight: Analysis of variance showed that the main effect of variety, 

component density and interaction effect of component density and variety had highly 

significant (P<0.01) effect on 100 seed weight (Appendix Table 3). The maximum 100 seed 

weight 60.91gm was recorded by 17.7% local common bean population density intercropped 

with 75% maize population density. The minimum 41.63gm was recorded by 53.3% local 

common bean population density intercropped with 100% maize population density (Table 

22). This result showed that as local bean decrease in population density, 100 seed weight 

increase, and as the population density increase 100 seed weight of local bean decrease. The 

higher hundred seed weight obtained from Local common bean could be most likely due to its 

 Bean population density 

Maize population with common bean variety  17.7% 26.7% 53.3% 

  Maize 75% + Nasir   11.37ef   11.67de   12.30c 

  Maize 100% + Nasir    12.27c   10.93g   11.47ef 

  Maize 75% + Local   12.03cd   11.93cd   14.50b 

  Maize 100% + Local    15.63a   11.27fg   14.63b 

  SEM (±)   0.18   

  LSD (0.05)   0.37   

  CV (%)   1.7  

Intercropped vs Sole cropped   

  Inter crop   12.50b   

  Sole crop   16.59a   

  SEM (±)   0.18   

  LSD (0.05)   4.00   

  CV (%)   5.60   
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larger seed size. Dechasa (1996) also found significant difference on the number of pods per 

plant, number of seeds per pod and hundred seed weight due to different bean genotypes. 

Wogayehu (2005) on maize-common bean intercropping found that, hundred seed weight was 

significantly (P<0.05) different between varieties. 

 

Concerning cropping system, there was a significance (P<0.01) difference between common 

bean cropping system, where the maximum (51.49) hundred seed weight was recorded from 

sole crop as compared to the minimum (49) value recorded on intercropped plot (Table 22). 

Because the nitrogen that fixed by sole beans might not absorbed by other crop, rather it was 

used by bean itself that leads to higher hundred seed weight. 

 
In accordance with the present finding, Adem (2006) reported that the highest hundred seed 

weight of intercropped cowpea was obtained from a planting ratio of sorghum 100%*25% 

cow pea than sorghum 100% * 50% cowpea. Similarly Turk et al. (2003) reported that the 

lowest plant density produced the highest seed weight. Demesew (2002) also reported similar 

result from the intercropping of maize with bush bean. 

 
Above ground dry biomass: The cropping system and interaction effect of variety and 

component planting density, as well as the main effects showed highly significant (P<0.01) 

difference for above ground dry biomass production. The common bean sole crop had the 

highest above ground dry biomass as compared to intercropped common bean.  

 

Among intercropping the highest above ground dry biomass of 2732 kg/ha was obtained from 

17.7% Nasir population density intercropped with 100% maize population density and the 

lowest 749 kg/ha were obtained from 26.7% local variety intercropped with 100% maize 

population density (Table 23). The maximum above ground dry biomass of common bean 

might from the well utilization of nutrient and light by crops that increase the vegetative 

growth of common bean. 

 

The maximum 4861kg/ha (Table 24) increase in dry biomass production in sole cropped bean 

is most likely either due to absence of inter-specific competition between the component 
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crops or due to the increase in light interception or both. (Biscoe and Gallagher, 1977) 

reported that the rate of dry matter production in crops depend on the efficiency of the 

interception of photo synthetically active radiation (PAR). Similar to the present finding, 

Wogayehu (2005) on maize-haricot bean; Sisay (2004) on sorghum/green gram and Yesuf 

(2003) on sorghum/haricot bean; intercropping reported that sole cropped bean produced the 

highest dry biomass per hectare than intercropped bean. 

 
Grain yield: Results revealed that grain yield was significantly (P<0.01) affected by the 

interaction effect of component plant population and variety as well as cropping system.The 

main effects also showed significant variation on grain yield. Among intercrops the maximum 

grain yield (1462 kg/ha) was, recorded for 53.3% Nasir common bean population density 

intercropped with 75% maize population density. The minimum grain yield (186 kg/ha) was, 

recorded for 53.3% Nasir common bean population density intercropped with 100% maize 

population density (Figure 2). The high population of the bean and maize component crops 

per unit area of land might cause crops to compute with each other for growth resources like 

nutrient and light that leads to decrease yield of crops. 

 

As overall treatment the maximum 2306 kg/ha was recorded by sole Nasir common bean 

followed by 2048kg/ha recorded by sole local common bean. The mean intercropped Nasir 

784.17kg/ha was greater than the mean intercropped yield of local 608.67kg/ha. These present 

result was similar with Tesfa et al. (2011) whose found the mean Nasir yield 742kg/ha was 

greater than the mean intercropped local yield,  which was 720kg/ha at Jimma.  

 

Thus, the general observation in this study is that yields of common bean component are 

significantly depressed by maize component in intercropping. This is most likely due to 

competition for soil nutrient and the reduction in transmitted photo synthetically active 

radiation (PAR) to the common bean as a result of shading. Similarly, Kheroar and Patra 

(2013) revealed that yield of intercrops were reduced by intercropping with maize that caused 

due to receipt of lower amount of solar radiation. Also the result was in agreement with 

Rezaei-Chianeh et al. (2011) showed that, the effects of maize densities and the interactions 

of maize and faba bean densities on grain yield of faba bean was significant. There was a 
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general reduction in the yield of faba bean under intercropping system and also he said, the 

highest grain yield of faba bean was recorded in mono-cropping. The result found by Tesfa et 

al. (20011) confirmed that sole Nasir and Dimtu had top growth performance and produced 

significantly higher mean yield of 2,302 and 2,223 kg/ha, respectively during main season at 

Jimma. Niringiye et al. (2005) who reported that, mean bean yield intercrop was less in 

intercrop as compared to sole bean yield and also they revealed that intercropping with maize 

reduced bean grain yield by 63 and 71% in season 1 and 2 respectively. Yield was mostly 

affected in the short statured under sown leguminous crops and the main reason for reduction 

in yield was probably due to the receipt of lower amount of incoming solar radiation which 

affected the rate of photosynthesis and thereby translocation of photosynthesis from source to 

sink. Also, Pal et al. (1993) reported that grain yield of sole cropped maize; sorghum and bean 

were higher than the intercropped yield of these crops.  

 
Harvest index: It is clear that in (Appendix Table 3), statistically significant (p<0.01) 

variation was observed by cropping system, the main effects variety and component 

population density and interaction effects of the main effects on harvest index of common 

bean. The maximum harvest index among intercropping, (63.87) was recorded by 26.7% 

Nasir common bean population density intercropped with 75% maize population density. By 

contrary, the minimum results of (32.79) were recorded for 53.3% Nasir common bean 

population density intercropped with 100% maize population density (Table 24). The 

minimum harvest index might be directed from the low nutrient and light use efficiency of the 

crops caused from the high population density.   

 

However, the higher harvest index of common bean was recorded by mean sole crop as 

compared to the minimum 45.20 was from the mean intercropped. Because it might be from 

the efficient light interception and utilization of sole crop than intercrop and also the good 

partitioning of dry matter to grain yield.  Ludlow and Muchow (1988) reported that a higher 

transfer of assimilates to the grain would maximize the harvest index and reduce the 

proportion of dry matter produced early in growth that may be left as a stover. 
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Table 22. Interaction effect of common bean variety and component density of maize and 

common bean on 100 seed weight of sole and intercropped common bean. 

 Bean population density 

Maize population with common bean variety  17.7% 26.7% 53.3% 

  Maize 75% + Nasir   52.78b   48.20c   48.53c 

  Maize 100% + Nasir    48.87c   56.15b   41.83d 

  Maize 75% + Local   60.91a   46.85c   48.81c 

  Maize 100% + Local    46.06c   47.38c   41.63d 

  SEM (±)   1.72   

  LSD (0.05)   3.57   

  CV (%)   4.30   

Intercropped vs Sole cropped    

 Inter crop   49.00b   

 Sole crop   51.49a   

 SEM (±)   1.16    

 LSD (0.05)   2.46   

 CV (%)   4.00    

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

other at 5 % level of significance. SEM = Standard Error of Mean, LSD = Least Significant 

Difference, CV= Coefficient of Variation. 
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Table 23. Interaction effect of common bean variety and component density of maize and 

common bean on above ground biomass of sole and intercropped common bean. 

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

other at 5 % level of significance. SEM = Standard Error of Mean, LSD = Least Significant 

Difference, CV= Coefficient of Variation. 

 

 

 

 

 

 

 

 

 

 

 Bean population density 

Maize population with common bean variety  17.7% 26.7% 53.3% 

  Maize 75% + Nasir 1703e 1086h 2525b 

  Maize 100% + Nasir  2732a 1496f 853i 

  Maize 75% + Local 1294g 1085h 2219c 

  Maize 100% + Local  1087h 749j 2116d 

  SEM (±) 22.20   

  LSD (0.05) 119.80   

  CV (%) 36.70   

Intercropped vs Sole cropped    

Inter crop 1412.08b   

Sole crop 4861.00a    

SEM (±) 57.70   

LSD (0.05) 157.00    

CV (%) 5.80   
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Figure 2. Interaction effect of common bean variety and component density of maize and 

common bean on yield per hectare of sole and intercropped common bean.  

 

 
 
Interaction of variety and component density                                         Intercrop vs. sole crop 

SEM (±) = 14.10                                                                                                SEM (±) = 15.35 

LSD (0.05) = 38.50                                                                                                 LSD (0.05) = 44.64 

CV (%) = 8.30                                                                                                    CV = 11.2 

M= Maize, SEM= Standard Error of Mean, LSD = Least Significance Difference, CV = 

Coefficient of variation.  
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Table 24. Interaction effect of common bean variety and component density of maize and 

common bean on Harvest Index of sole and intercropped common bean  

 Bean population density 

Maize population with common bean variety  17.7% 26.7% 53.3% 

  Maize 75% + Nasir   47.17cd   63.87a  54.41b 

  Maize 100% + Nasir    36.72e   45.98cd  32.79f 

  Maize 75% + Local   37.70e   47.94c  46.46cd 

  Maize 100% + Local    44.31d   39.83e  45.26cd 

  SEM (±)   1.09   

  LSD (0.05)   3.21   

  CV (%)   3.70   

Intercropped vs Sole cropped    

 Inter crop   45.20b 

 Sole crop   71.33a   

SEM (±)   2.37    

 LSD (0.05)   22.80   

 CV (%)   6.70    

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

other at 5 % level of significance. SEM = Standard Error of Mean, LSD = Least Significant 

Difference, CV= Coefficient of Variation. 
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4.4. Economic Benefits and Monetary Advantages from Maize/Bean Intercropping 
 

LER of both maize and common bean statistically showed, significance (P<0.01) difference 

due to interaction of the main effect of variety and component population density (Appendix 

Table 5). The highest maize PLER (1.64) recorded when 100% maize mixed with 26.7% 

Nasir common bean variety population density. The lowest (0.48) was recorded when 100% 

maize population density intercropped with 53.3% Local common bean variety population 

density (Table 25). 

 

The highest common bean PLER (0.63) was obtained from 75% maize mixed with 53.3%)  

Nasir common bean population density and the lowest (0.08) were obtained when 53.3% 

Nasir common bean population density mixed with 100% maize population density. 

 

The result showed that the interaction effect of variety and component population density 

gave significant (P<0.01) effect on total LER of maize and common bean (Appendix Table 5). 

The highest mean total LER values of 1.90 were achieved when 100% maize population 

density intercropped with 26.7% Nasir common bean population density. The minimum mean 

total LER values 0.86 was recorded when 75% maize population density intercrops with 

26.7% local common bean population density (Table 25). 

 

Intercrop system had LER value of 1.36 (Table 26) that was greater than sole crop. The value 

of LER above 1 indicates that, the intercropped utilize the available resource efficiently than 

sole cropped. From the present LER result, we can conclude that intercropping has 26.5% 

yield advantage as compared to sole crop. Therefore, the calculated total LER enlightened that 

intercropping of maize and common bean was productive and had yield advantage over 

cropping either maize or common bean in sole. This could be happened due to the efficient 

utilization of growth resource by the intercropped or could be due to the intercropping 

advantages of weed reduction, nitrogen fixation and the like. Accordingly, Tsubo et al. (2004) 

the intercropping maize-bean system was more effective and more efficient relative to the 

individual plantings. Chemeda (2003) found, up to 28% higher total productivity increase of 

maize-bean intercropping compared with pure stand. Willey and Osiru (1972) reported that 
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55% yield advantage was obtained when 85 day beans intercropped with 120 day sorghum 

and 38 % yield advantage was obtained when 85 day beans intercropped with 120 day maize 

(Osiru and Willey, 1972). Baker (1979) also pointed out that, both early and slow maturing 

crops are combined to ensure efficient utilization of the whole growing resource. 

 

Gross Monetary Value which indicates the economic advantage of the cropping system 

showed that, significant (P<0.01) effect were seen on maize and common bean due to the 

interaction effect of common bean variety and component density. On maize plot the 

maximum 39104 ETB/ha GMV observed by the component density of 100% maize 

population density and 26.7% Nasir common bean population density. The minimum 11452 

ETB/ha were seen by the combination of 100% maize population density and 53.3% local 

population density. On common bean plot 10234 ETB/ha the maximum GMV was seen on 

the plot contains 53.3% Nasir bean population density and 75% maize population density. The 

minimum 1302 value were observed by the plot that contains 53.3% Nasir population density 

with 100% maize population density.  

 

Total Gross Monetary Value revealed that the interaction effect of common bean varieties and 

component population densities had a significant (P<0.01) effect on the TGMV of 

intercropped maize and common bean (Appendix Table5). The highest total gross monetary 

value of 43,346 ET B/ha were obtained from maize population density of 100% intercropped 

with Nasir common bean variety of 26.7% population density. The lowest 18,348 ETB/ha 

were obtained from maize population density of 100% intercropped with local common bean 

variety of 53.3% population density (Table 25).  

 

Among the sole cropped common bean varieties, the GMV of 16,384 and 16,142 ETB/ha was 

obtained from Local common bean and Nasir varieties respectively. Whereas GMV of 23,950 

ETB/ha was obtained from Sole maize (Table 25). Because of Local common bean was 

mostly preferred by consumers its GMV was the highest. 

 

Concerning Monetary Advantage significant (P<0.01) effect were seen on maize and common 

bean due to the interaction effect of common bean variety and component density. The 
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maximum GMA 3710.73 ETB/ha was recorded on maize when 100% maize population 

density were intercropped with 26.7% Nasir bean population density.  Whereas the minimum 

-477.56 ETB/ha were from 75% maize population density intercropped with 26.7% local bean 

population density. The minimum value of monetary advantage was observed in the plot that 

showed minimum LER less than 1. This value indicated that, intercropping did not show yield 

advantage; no potential in increasing total land productivity and no efficient use of limited 

land resources. This might be from less population of maize crop as well as common bean 

crop to give high yield.   

 

The result obtained indicated maize common bean intercropping adds extra income and 

warrants insures against food security and income to farmers particularly during the summer 

season when production during main season is running out and shortage of food supply 

occurred, rather than single cropping of maize and beans as there is scarcity of land and need 

to diversify production. 

 

In general, the value observed from the LER and the GMA evidently showed that 

intercropping of maize and common bean is advantageous than sole cropping of either maize 

or common bean. 
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Table 25. Effect of variety and component density on yield advantages of maize/common bean intercropping 

Treatm
ent 
number 

 Component density of 
maize and common 
bean varieties 

Yield kg/ha Partial LER TLER GMV  and MA in ETB/ha 

Maize CB maize CB TLER M CB TGMV MA 

1 M+NB (100% +17.7%) 4605g 738d 0.96f 0.32d 1.28h 23023i 5166f 28189g 1007.44i 

2 M+NB (100% + 26.7%) 7821a  606e 1.64a 0.26e 1.90a 39104a 4242g 43346a 3710.73a 
 

3 M+NB (100% + 53.3%) 6812b 186i 1.42b 0.08g 1.50d 34059b 1302k 
 

35361c 2272.66b 

4 M+NB (75% +17.7%) 5377cd 747d 1.12c 0.32d 1.44e 26884d 5229e 32113d 1653.16e 

5 M+NB (75% + 26.7%) 4172h 971b 0.87 g 0.42c 1.29g 20862j 6797d 27659h 940.59h 

6 M+NB (75% + 53.3%) 5315d 1462a 1.11c 0.63a  1.74b 26575f 10234a 36809b 2267.41c 

7 M+LAB (100%+17.7%) 4790f 738d 1.00e 0.36d  1.36f 23952h 5904d 29856gh 1268.85f 

8 M +LAB (100% + 26.7%) 4944e 371g 1.03d          0.18f 1.21j 24720g 2968i  27688f 861.94j 

9 M +LAB (100%+ 53.3%) 2290j 862c 0.48i 0.42c 0.90k 11452l 6896c   18348j -251.91k 

10 M +LAB (75%+ 17.7%) 5377cd 242h 1.12c 0.12e 1.24i 26885d 1936j 28821e 1034.28g 

11 M +LAB (75% + 26.7%) 3031i 479f 0.63h 0.23e 0.86l  15154k 3832h 18986i  -477.56l 

12 M +LAB (75% + 53.3%) 5346cd 960b 1.12c 0.47b 1.59c 26728e 7680b 34408c 1981.09d 

13 SM 4790     - 1.00             -  1.00 23,950      - 23,950       - 
14 SNB - 2306    -              -  -  16142 16142       - 

15 SLAB - 2048   -              -   -  16384        16384       - 
SEM (±)   203.78 15.35 0.001         0.006     0.007 48.37 155.87 119.26 137.65 

LSD (0.05)   293.52 44.64 0.003         0.012     0.014 81.90 323.25 349.77 403.70 

CV  18.44 11.2  4.2              2    0.6 
 

0.2 11.5 0.6  12.2 



  78 
  

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

other at 5 % level of significance. LER = Land Equivalent Ratio, TLER = Total Land 

Equivalent ratio, GMV = Gross Monetary Value, TGMV = Total Gross Monetary Value, MA 

= Monetary Advantage, ETB/ha = Ethiopia Birr per hectare, CB = Common bean, M = 

Maize, NB = Nasir, LAB = Local Asendabo, SM = Sole Maize, SNB = Sole Nasir, SLAB = 

Sole Local Asendabo. 
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5. SUMMARY AND CONCLUSION 
 

The increasing population in one hand and shortage of arable land in the other leads to 

intercropping in Jimma, western Ethiopia. Inter cropping helps to diversify production and 

answers against risk for subsistence farmers and intensifies and diversifies production in time 

and space dimension in this area. Therefore, the study was conducted to determine the effects 

of component density of maize and common bean varieties on growth, yield and yield 

components of the associated crops and on their productivity at off-season and to identify the 

best performed common bean variety with component population density that maximizes 

productivity under Jimma conditions, southwest Ethiopia. The experiment contains six 

component densities (100% * 17.7%, 100% * 26.7%, 100% * 53.3%, 75% * 17.7%, 75% * 

26.7%, 75% * 53.3%) of hybrid maize and common bean, and two common bean varieties 

(Nasir and Local Asendabo) accompanied with sole maize and sole common bean varieties in 

randomized complete block design with three replications. 

 

In this intercropping mixture of maize and common bean experiment: phonological, growth, 

yield and yield parameters, economic analysis and productivity of the system as a whole were 

examined. With the exception of days to 50% emergency of common bean, all phonological 

parameters of maize and common bean did not affected by the main effects as well as the 

interaction effect of variety and population density.   

 

Among maize growth parameters, plant height and leaf area index was not affected by the 

main effect of varieties and component population densities. However interaction effect 

showed significant variation on leaf area index, plant height showed non-significant 

difference. Similarly, the main effect of variety, population density and their interaction 

indicated significant difference (P<0.05) on maize leaf area, biological yield and harvest 

index. But, population density did not show significant difference on harvest index of maize.  

 

Result indicated that cropping system and common bean varieties showed a significant 

(P<0.05) difference on number of nodules per plant and number of pod bearing branch per 

plant of common bean. But, population density and the interaction of the main effects did not 
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showed significant difference. Likewise, significance difference (P<0.01) was seen on leaf 

area and leaf area index as a result of the main effect of common bean variety, component 

population density and interaction effect of the main effects. 

 

Regardless of yield and yield components of maize, significant effects were observed due to 

common bean variety, component population density and interaction on seed number per cob, 

cobs per plant, number of seeds per row, thousand seed weight, dry biomass yield, cob length, 

cob weight and yield per hectare of maize. Also in a similar case, concerning yield and yield 

components of common bean: number of pod per plant, number of seed per pod, pod length, 

hundred seed weight, above ground biomass and yield per hectare showed statistically 

significant (P<0.05)  difference due to cropping system. As overall treatment the maximum 

2306 kg/ha was recorded by sole Nasir common bean followed by 2048 recorded by sole local 

common bean.  

 

The ANOVA result on partial land equivalent ratio (PLER) of maize and common bean 

indicated that, interaction effect of variety and population density had highly significant effect 

on PLER of maize and common bean. Likewise, the main effect of common bean variety and 

component density confirmed that, highly significant variation had observed on (PLER) of 

maize and common bean. Besides the TLER, GMV and MV, results indicated from the 

experiment revealed that, significant variation were obtained due to the main effect of 

common bean variety, component population density and due to the interaction of the main 

effects on maize and common bean.  

 
Moreover, LER and monetary values result indicated, additive intercropping mixture of maize 

and common bean had significant effect on many maize and common bean phenology, 

growth, yield and yield components. From these result clearly indicated that, proper attention 

should be given while practicing maize and common bean intercropping. The economic 

assessment of intercropping is expressed in terms of increased value per unit area of land 

indicated that the main effect of common bean variety and component density showed 

significant effect on GMV of maize and common bean. And hence the highest GMV of 43346 

ETB/ha were obtained from maize population density of 100% intercropped with Nasir 
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common bean variety of 26.7% population density. And the lowest 18348 ETB/ha were 

obtained from maize population density of 100% mixed with 53.3% local common bean 

variety population density. 

 

In general maize 100% population density intercropped with 26.7% population density of 

Nasir common bean variety, and as an alternative, maize with 75% population density 

intercropped with 53.3% population density of both varieties of common bean are 

recommended to make farmers benefited from the system. The calculated result also 

confirmed that the largest LER and the largest MV was obtained from population densities of 

100% and 26.7% intercropped maize and Nasir common bean variety. 

 

Though selecting and practicing intercropping of best food crops varieties maximize yield of 

crops and maximize food security of the farmers. Mainly during off-season based on their 

agro-climatologic environment and performance, released new varieties and best local 

varieties should be evaluated and tested by farmers. In the present study, the selected maize 

variety (BHQPY-545) which was early maturity and best yielder and the intercropped bean 

varieties performed better in the area. 

 

Generally, increasing intercropping practice is used to maximize the grain yield from the 

same space at the same time and the system is more appropriate in terms of soil fertility 

improvement. Intercropping practice, mainly in the off-season by irrigation is used to secure 

family food and cash security; because, the present result indicates the yield obtained from 

sole and intercropped maize and common bean was not inferior to the yield obtained from 

maize and common bean at the main season as the some authors reported. So far, no research 

work had been made on the cropping system and proportion of maize and common bean 

productivity during off-season in the study area; so it needs further research on cultivars of 

maize and common bean intercropping combination that maximize production during off-

season . As a final, it is difficult to conclude and give valuable recommendation in one year 

experiment at one site, hence further investigation on the selection of best compatible maize 

and common bean varieties and proportion of planting density should be studied. 
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Future direction 

  More research is needed to better understand how intercrops function and to develop 

intercropping systems that are compatible with current farming systems 

  Soil analysis after sowing and before harvest 

 Different varieties of combined cropped must be tested at different cropping season 

and at  different agro ecology 

 Economic aspect of the green and dry cob of maize and pod of common bean must be 

tested 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  83 
  

6. REFERENCES 
 
Abate, T. and Ampofo, J.K.O., 1996. Insect pests of common bean in Africa: Their ecology 

and management. Annu. Rev. Entomol. 41: 45-75. 

Abera W., Hussein Sh., John D., Worku M., Jedidah D. and Mark D. L., 2013. Genetic 

interrelationships among medium to late maturing tropical maize inbred lines using 

selected SSR markers. Euphytica 191: 269-277. 

Abeya T., Tusa D., Tadess B.,  Gemechu S., Kifle D., Shiferaw T., Getachew B., and Ifa W., 

2012. On farm and on station ‘Best Bet’ maize-legume cropping systems evaluation under 

CA and Conventional practice in mid altitude sub humid of Western Ethiopia. Bako 

Agricultural Research Center, Bako W/Shoa, and Ethiopia. Pp.1-3. 

Abraha L., 2013.The effect of intercropping maize with cowpea and lablab on crop yield. 

Herald J. Agric. and Food Sc. Res. 2 (5):  156- 170 October, 2013. 

Adem M., 2006. Effect of component density of striga resistant sorghum and cowpea and N 

rates on productivity of intercropping system in North Wollo, Ethiopia.  MSc. Thesis, 

Alemaya University. Pp.91. 

Adu-Gyamfi, J.J., F.A. Myaka, W.D. Sakala, R. Odgaard, J.M. Vesterager, and H Høgh 

Andrews, D.J. and A.H. Kassam, 1976. The importance of multiple cropping in increasing 

world food supplies. In: R.I. Papendick, P.A. Sanchez, and G.B. Triplett (eds.) Multiple 

Cropping. Special Publication. No. 27. Amer. Soci. of Agron., Madison, Wisconsin. USA. 

Pp. 64-76.  

Agegnehu, G., A. Ghizam and W. Sinebo. 2006. Yield performance and land-use  efficiency 

of barley and faba bean mixed cropping in Ethiopian highlands. Europ. J. Agron. 25: 202-

207. 

Amar, B., 1999. Diagnosis and prescription of phosphate fertilization with in the 

Mediterranean region countries. In: African Crop Science Society Proceedings. 

Casablanca, 10-14 October 1999. Pp. 99-106. 

Andrews, D.J., 1993. Breeding cultivars for sustainable crop production in low input dry land 

Agriculture in the tropics. Amer. Soci. Agron., Madison, Wisconsin. USA. 128(1): 28-73. 

Avcioglu R., Boberfeld WO., Soya H., Geren H., Beckmann E., 2003. Investigations on some 

yield and quality characteristics of second crops of Vicia sativa and Trifolium   



  84 
  

resupinatum and their mixtures with Lolium multiflorum, 7th Symposium Ergebnisse  

Deutsch-Turkischer Agrarforschung, Ankara, 24-30 March 2003, pp. 109-112. 

Baker, E.F.I., 1979. Mixed cropping in Northern Nigeria. I. Cereals and groundnuts. Exper. 

Agric., 14: 293-8. 

Baker, E.F.I., and Norman, D.W., 1975. Cropping systems in northern Nigeria. Pages 334- 

361 in Proceedings of the Cropping Systems Workshop, 18-20 March, Intern. Rice  

Res. Inst., Los Banos, Philippines. 

Baldy, C. and C.J. Stigter, 1997. Agro-meteorology of multiple cropping in warm climates.

  INRA, Paris. In: Tsubo M. et al., Productivity of maize bean intercropping in a semi-

 arid region of South Africa. Southern Africa Development Community, 29(4): 381. 

Baloch M. S., Shah I. T H., Nadim M. A., Khan M. I. and Khakwani A. A., 2010. Effect of 

Seeding Density and Planting Time on Growth and Yield Attributes of Wheat. The J. 

Animal & Plant Sc., 20(4):229-240. 

Bandyopadhay, S.K. and R. De, 1986. Nitrogen relationship and residual effects 

ofintercropping with legumes. J. Agric. Sc., 107: 629-632. 

Banik, P., A. Midya, B.K. Sarkar and S.S. Ghose. 2006. Wheat and chickpea 

intercroppingsystems in an additive series experiment: advantages and weed  smothering. 

Eur. J. Agron. 24: 325-332. 

Beets, W.C., 1982. Multiple Cropping and Tropical Farming Systems. Gofer, London,Britain 

and West views Press. Colorado, USA.Pp.1-23. 

Belay D., Schulthess F. and Omwega C., 2008. The profitability of maize- haricot bean 

intercropping techniques to control maize stem borers under low pest densities in Ethiopia. 

Phytoparasitica 37: 43-50. 

Benti T., Kebede M., Legesse W., Mosisa W., and Leta T., (1997). Reflections on the 

Successful achievements of hybrid maize breeding program in Ethiopia. Pp 67-71.Bulletin 

No. 245, Addis Ababa, Ethiopia. 

Birhane G., Bentayehu G., (1989). The maize mega-environments of Eastern and Southern 

Africa and germplasm development. In: J.K. Ransom, ed. Maize Productivity Gains 

Through Research and Technology Dissemination, 3-5 December 1988 Nairobi.Nairobi: 

CIMMYT-Nairobi. Pp. 197-211. 



  85 
  

Biscoe, P.V. and Gallagher N.J., 1977. In “Environmental Effects on Crop Physiology” (J.J. 

Land berg and C.V. Cutting, eds.), pp. 75-100. Academic Press, New York. 

Buren, L.L., Mock, J.J. & Anderson, I.C., 1994. Morphological and physiological  traits in 

maize associated with tolerance to high plant density. Crop Sci. 14, 426-429. 

Buruchara, R., 2007. Back ground information on Common Beans (Phaseolus vulgaris L) in 

Biotechnology, Breeding& Seed Systems for African Crops. http://www. African 

Dagne W., Abeya T., Solomon A., Solomon J., Alemu T.,  Legesse H., Fekadu G., 

Gezahegn B., Temesgen C., Mulugeta M., 2011. Towards Sustainable Intensification of 

 

crops .net/85ockefeller/ crops/beans/index.htm. 

Carlson D. J., 2008. Intercropping with Maize in Sub-arid Regions.  Community Planning & 

Analysis. Technical Brief. Pp. 1-6. April 16, 2008. 

Carr, P. M., R. D., Horsley and W. W. Poland, 2004. Barley, oat and cereal-pea mixtures as 

dry land forages in the Northern Great Plains. Agron. J., 96: 677- 684. 

Central Statistical Agency (CSA), 2000. Area under production of major crops. Report on 

Area and Production of Crops. Stat. Bull. Pp.1-114. 

Central statistical Agency (CSA), 2010. Federal Democratic Republic of Ethiopia, 

 Report  on areas and production of crops, Statistical Bulletin 468. 

Central statistical Agency CSA, 2009. Report on Area and Production of Crops. Stat. Bull. 

Pp. 446:1-125. 

Central statistical Agency CSA, 2013. Report on Area and Production of major Crops. Stat. 

Bull.532. Pp. 1-125. 

Chemeda F., 1997. Effect of planting pattern, relative planting date and intra-row spacing on a 

haricot bean-maize intercrop. Afri. Crop Sci. Soci., 5(1):15-22. 

Chemeda F., 2003. Relationship between bacterial blight severity and bean yield loss in pure 

stand and bean-maize intercropping systems. Interna. J. of pest management, 49(3): 177-

185. 

Clawson D. L., 1985. Harvest security and intra specific diversity in traditional tropical 

agriculture. Econ Bot.39:56-67. 

Cochran, V. L. and S. F. Schlentner, 1995. Intercropped oat and faba bean in Alaska: dry 

matter production, di nitrogen fixation, nitrogen transfer, and nitrogen fertilizer response. 

Agron. J., 87: 420-424. 

http://www/�


  86 
  

Maize–Legume Cropping  Systems in Ethiopia. Pp.115-122. Proceedings of the Third 

National Maize Workshop of Ethiopia. April 18–20, 2011, Addis Ababa, Ethiopia 

Davis, J. H. C. and S. Garcia, 1987. Competitive ability and growth habit of indeterminate 

beans and maize for intercropping.  Field Crops Res., 6: 59-75. 

Dawit. T, Wuletaw. T and Muluken. B., 2012.   Genotype X environment  interactions and 

grain yield stability of haricot bean varieties in North West Ethiopia. Bahir Dar  University, 

Bahir Dar, Ethiopia. 348p. 

Dechasa H., 2005. Effect of moisture conservation methods and Plant Density of Component 

Crops on Performance of Sorghum/bean intercropping in Meiso district, West Hararghe. 

M. Sc. Thesis, Alemaya University. Pp.78. 

Dechasa O., 1996. Relative Performance of haricot bean genotypes in Sole and Sorghum 

intercropped systems. M. Sc. Thesis, Alemaya University of Agriculture. Pp.83. 

Demessew M., 2002. Effect of Planting Density of Haricot bean and Nitrogen Fertilization on 

Productivity of Maize Haricot bean Additive Intercrop system. MSc. Thesis, Haramaya 

University. 50p. 

Dewis, J and P. Freitas, 1970. Physical and chemical methods of soil and water analysis. FAO 

Bul. No. 10, Rome. 275pp. 

Dhima, K. V., A. A. Lithourgidis, I. B. Vasilakoglou and C. A. Dordas, 2007. Competition 

indices of common vetch and cereal intercrops in two seeding ratio. Field Crop Res. 100: 

249-256. 

Edmeades, G.O., Bolanos, J., A. Elings, A., J.M. Ribaut, J.M & Banziger, M.,  2000. The 

role and regulation of the anthesis-silking interval in maize. In: Westgate, M.E., K.J. Boote 

(Eds.), Physiology and modeling kernel set in maize. CSSA, Madison, WI. Pp. 43-73. 

Edward S. Buckler and Natalie M. Stevens, 2005, Maize Origins, Domestication, and 

Selection. Field crops Res.,2(13):109-118. 

Enyi, B.A.C., 1973. Effect of intercropping maize or sorghum with cowpeas, pigeon peas or 

beans. Experimental Agric., 9: 83-93. 

Ethiopia Commodity Exchange Authority, 2009. A Review of supply and Marketing issues. 

Ethiopia, Addis Ababa.Pp.39. 



  87 
  

EWNRA (Ethiopia-Wetlands and Natural Resources Association (EWNRA), 2002. Wetlands 

and Food Security in Western Ethiopia Policy and Extension Briefing Note 1.   
Available at www.wetlandaction.org/pdf/Policy%20Note%201v3%20final.pdf. 

Fan, F., Zhang, F., Song, Y., Sun, J., Bao, X., Guo, T., Li, L., 2006. Nitrogen fixation of  faba 

bean (Viciafaba L.) interacting with a non-legume in two contrasting  intercropping 

systems. Plant and Soil J., 283: 275–286. 

FAO STAT, 2010. Food and Agriculture Organization at 

FAO Statistics, 2008. Website: 

www.fao.org 

http://www.faostat.fao.org. 

FAO, 2007. FAO Statistical Databases. (Online). Available at: http:// fao stat. fao. Org /

FAO, 2011. World Agricultural Production.[online] Available at: 

  

default.  Aspx. Accessed 1 July, 2007. 

http://faostat.fao.org/ 

default.aspx. Accessed 14 April. 2012. 

Fasoula VA., Tollenaar M., 2005. The impact of plant population density on crop yield and     

response to selection in maize. Maydica, 50 (1): 39 – 48. 

Fininsa, C., 2001. Effect of intercropping bean with maize on bean common bacterial blight 

and rust diseases. Interna. J. pest management 42: 51-54. 

Foster, H. J. 1973. Fertilization recommendations for cereals grown on soils derived from 

volcanic Rocks in Uganda. East Africa Agric. and Forestry J., (12): 303- 313. 

Francis, B., Taye K., K. Shalander, O. Julius, A.P Efrain and Africa Z., 2000. Natural 

Resources under Threat: Analysis of farming systems of Ghimbo Woreda, Kefa-Sheka 

zone, Ethiopia. Working Document series no. 84. ICRA, Wagening, the Netherlands. 

Francis, C.A., 1978. Multiple- cropping potentialities of beans and maize. Hort. Sci., 13: 12- 

17. 

Francis, C.A., 1986. Introduction, distribution, and importance of multiple cropping in 

Francis, C.A. (ed.) multiple cropping systems. Macmillan. New York. Pp. 1-9. 

Francis, C.A., Parger M. and Tejada G., 1982. Density interaction in tropical intercropping  

Maize and climbing beans. Field crops Res., 5: 164-176. 

Gardiner, T. R. and L. E. Craker, 1981. Bean growth and light interception in bean maize 

intercrop. Field Crop Res., 4: 313-320. 

Gomez, O., 2004. Evaluation of Nicaraguan common bean (Phaseolus vulgaris L.) land races. 

Agraria, 1401-6249. 

http://www.wetlandaction.org/pdf/Policy%20Note%201v3%20final.pdf�
http://www.fao.org/�
http://www.faostat.fao.org/�
http://faostat.fao.org/�


  88 
  

Harwood, R. R., P. Jeranyama, O. B. Hesterman and S. R. Waddington, 2000. Relay 

intercropping of sun hemp and cowpea to a small holder maize system in Zambia.  

Agron. J., 92:109-124. 

Hashemi-Dezfouli, A & Herbert, S.J., 1992. Intensifying plant density response of corn with 

artificial shade. Agron. J. 84, 547-551. 

Hatfield, A.L., Benoit, G.R. & Ragland, J.L., 1984. The growth and yield of corn and  

Environmental effects on grain yield components of mature ears. Agron. J. 57:293- 295. 

IFPRI (International Food Policy Research Institute), 2010. Maize Value Chain Potential in 

Ethiopia Pulse export promotion agency).Available at www.ifpri.org/sites/ default/  

files/.../ ethiopianagsectorwp_pulses

JARC, 2008. Meteorological data summary Jimma Weather Station. Jimma Agricultural 

Research Center, Jimma, Ethiopia. 

Jensen, E. S., 1996. Grain yield, symbiotic N2 fixation and inter specific competition for  

inorganic N in pea-barley intercrops. Plant and Soil 182: 25-38. 

Jodha NS., 1981. Intercropping in traditional farming systems. In: Proceedings of the  

International Workshop on Intercropping, 10-13 January 1979. International Crops  

Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India, p 282- 291. 

.pdf. Accessed 1 September, 2014. 

Ipsilandis CG, Vafias BN., 2005. Plant density effects on grain yield per plant: Breeding 

implications. Asian J. Plant Sci., 4 (1): 31 – 39. 

Kamanga BCG., Waddington SR., Robertson MJ., Giller KE., 2010. Risk analysis of maize- 

legume crop combinations with smallholder farmers varying in resource endowment  in 

central Malawi. Exp. Agric. 46(1):1-21. http://dx.doi.org/ 10.1017/ S00144797 09 

  990469. 

Kanda M. and Nishizawa T., 1967: Ananalysis of rice population growth in relation to density 

and mode of planting. The special reference to the varietal difference of growth types. Bull. 

Inst. Agric. Res. Tohoku Univ., 18, 215-240.  

Kebede M., Gezahegne B., Benti T., Mosisa W., Yigzew D., Asefa A., (1993). Maize 

production  trends and research in Ethiopia. In: T Benti and JK Ransom (Eds). Proceedings 

of the first national maize workshop of Ethiopia, 10-12 November 1992 Addis Abeba.  

CIMMYT. Pp. 4-12.  

http://www.ifpri.org/�
http://dx.doi.org/�


  89 
  

Kgasago, H., 2006. Effects of planting dates and density on yield and yield components of  

short and ultra-short growth period maize (Zea mays L.). Masters dissertation.  University 

of Pretoria, South Africa. Pp106. 

Kheroar S., and Patra C.B., 2013. Productivity of maize-legume intercropping systems under  

Rain fed situated situation. Afri. J. Agric. Res., Vol. 9(20), pp.  1610-1617, 5 May, 2014 

Kimani, K.S.,Gathua K., Delve R., Tanner J., and Cadisch G., 1999. Effect of maize- bean 

intercropping, Phosphorus and manure additions on maize production in central Kenya 

highlands. In: maize production Technology for the future: challenges and opportunities: 

Proc. 6th Eastern and southern Africa Regional Maize Conf., 21-25 September 1998 

(CIMMITY and EARIO) Addis Ababa, Ethiopia. Pp: 293-295. 

Legesse, D. Kumssa G., Assefa T., Taha M., Gobena J., Alemaw T., Abebe A.,  Mohhamed 

Y. and Terefe H., 2006. Production and Marketing of White Pea Beans in the Rift Valley, 

Ethiopia. Crop Sci., 25: 142-150.  

Ludlow, M.M. and R.C. Muchow, 1988. Critical evaluations of the possibilities for modifying  

crop for higher production per unit of precipitation. Pp. 79-212.  

Madonni, G.A., Otegui, M.E. & Bonhomme, R., 1998. Grain yield components in maize: II. 

Post silking growth and kernel weight. Field Crops Res. 56, 257-264. 

Makgoga W. M., 2013. Influence of lablab (Lablab purpureus) and dry bean  (Phaseolus 

vulgaris) intercrops with maize (zea mays l.) on maize grain yield and  soil  fertility status. 

MSc. Thesis University of Limpopo South Africa. 55p. 

Martin, A. P., 1993. Tropical soils and fertilizer use. Intermediate tropical agriculture series.  

University of Nairibi, Kenya.Pp.1-32. 

McCann J., 2001. Maize and Grace: History, Corn, and Africa’s New Landscapes, Pp.1- 267. 

available at. http://www.blackherbals.com/maize_and_grace_jamesmccann.pdf Accessed 

12 July, 2014 

Mead, R. and R.W Willey, 1980. The concept of land equivalent ratio and advantages in  

intercropping. Expl. Agric., 16: 217-228. 

Mid more, D. J., 1993. Agronomic modification of resource use and intercrop production. 

Field Crops Res., 34: 354–380. 

Ministry of Agriculture and Rural Development, 2009. Crop variety register issue no. 13. 

Addis Ababa, Ethiopia. 

http://www.blackherbals.com/maize_and_grace_jamesmccann.pdf�


  90 
  

Mitiku H., 1990. “Biological nitrogen fixation by haricot bean in Ethiopia”, Research  on 

Haricot Bean in Ethiopia: an Assessment of Status, Progress Priorities and  Strategies, 

Proceedings of a National Workshop held in Addis Ababa. 1-3 October 1990, 114p. 

Mohta, N. K. and De, R., 1980. Intercropping maize and sorghum with soybean.  J. Agric. 

Sci., 95:117-122. 

Molatudi, R. L. and I. K. MARIGA, 2012. Grain yield and biomass response of a maize/dry  

bean intercrop to maize density and dry bean variety. Afri. J. Agric. Res., 7:3139-3146. 

Morris, R.A. and Garrity P. D., 1993. Resource capture and utilization in intercropping: water. 

Field crops Res., 34 (3): 303-317. 

Mucheru – Muna M., Pypers P, Mugendi D., Kung’u J., Mugwe J., Merckx R., Vanlauwe B., 

2010. A staggered maize legume intercrop arrangement robustly increases crop   

yields and economic returns in the highlands of Central Kenya. Field Crops Res., 115 

(2010): 132–1339. 

Mulatu K., Bogale G., Tolessa B., Dessalegn Y. and Afeta A., 1992. Maize production trends 

and research in Ethiopia. In: Tolessa B. and Ransom J.R. (eds.),  Proceedings of the First 

National Maize Workshop in Ethiopia. Addis Ababa,  Ethiopia, pp. 26–34.  

Muoneke CO, Ogwuche MAO, Kalu BA., 2007. Effect of maize planting density on the 

performance of maize/soybean intercropping system in a Guinea Savannah Agro- 

ecosystem. Afri. J. Agric. Res., 2(12):142 – 145. 

Natarajan, M. and R.W. Willey, 1980. Sorghum/pigeon pea intercropping and the effect of 

plant population density. II. Resource use. Journal of Agricultural Science, 95: 51-58. 

National Maize Research Project. 1988–2010. Progress reports for the year 1988–2010., 

Bako, Ethiopia 

Niinemets U, Sack L., 2006. Structural determinants of leaf light-harvesting capacity and 

  photosynthetic potentials. Prog in Bot. 67: 385-419. 

Niringiye S.C., Ssekabembe S.C., Kyamanywa S., 2005. Effect of plant population on  yield 

of maize and climbing beans grown in intercropping system. African Crop  Sci. J., 1(1): 

Pp. 83-93. 

Norwood, C.A., 2001. Dry land corn production in Western Kansas: Effect of hybrid  

maturity, planting date and plant population. Agron. J. 93, 540-547. 



  91 
  

Odhiambo, E.S. Ariga, 2001. Effect of intercropping maize and beans on Striga incidence and 

grain yield, Seventh Eastern and Southern Africa Regional Maize Conference, Feb.11th 

15th, 2001, pp. 183-186.  

Ofori, F. and Stern W. R., 1987. Cereal/legume intercropping systems. Advances in 

Agronomy, 41: 41-99. 

Ofosu,B.G., Noumura, D.K., and Fujita, K., 1995. N2 fixation, N transfer and biomass 

production of soybean and sorghum mixed cropping at two rates of N fertilizer. Soil 

biology and biochemistry, 27(3): 311-317. 

Okigbo, B.N., and D.J. Green land, 1976. In “Multiple Cropping” (R.I. Papendick, P.A.  

Sanchez, and G.B. Triplett, (eds.), Pp. 63-101. Spec. Pub. No.27. American Society of  

Agronomy, Madison, Wisconsin. 

Oljaca S., Cvetkovic R., Kovacevic D., Vasic G. and Momirovic N., 2000. Effect of plant 

arrangement pattern and irrigation on efficiency of maize (Zea mays) and bean 

(Phaseolusvulgaris) intercropping system. Journal of Agricultural Science,  Cambridge 

(2000), 135, 261-270. 2000 Cambridge University Press.  

Olsen, S. R., C. V. Cole, F. S. Watanable and L.A. Dean, 1954. Estimation of Available  

Phosphorus in Soils by Extraction with Sodium Bicarbonate. USDA Circular, 939: 1-19. 

Onwueme, I. C. and T.D. Sinha, 1991. “Field crop production in tropical Africa”, Technical 

Center for Agriculture and Rural Co-operation. Pp.1-22. 

Osagie, A.U. and Eka, O.U.; (eds)., (1998). Nutritional quality of plant foods post-harvest  

research unit, University of Benin. Pp. 34-41. 

Osiru, D.S.O. and R.W. Willey, 1972. Studies on mixture of dwarf sorghum and beans  

(paseolus vulgaris) with particular reference to plant population. J. Agric. Sci., 79: 531–

540. 

Otegui, M.E., 1995. Prolificacy and grain yield components in modern Argentinean maize 

hybrids. Maydica. 40, 371-376. 

Pachico, D., 1993. The demand for bean technology. Pages 60-73 in: Trends in CIAT  

commodities. G. Henry, ed. Working Document No. 128. CIAT, Cali, Colombia.   

Pulse export promotion agency, 2010). 

Pal, M., K.A. Singh and I.P.S Ahlawat, 1985. Cropping systems research: Indices and  

assessments.  Pp. 23-45. Nat. symp. Indian Soc. Agron. CSSRI Karnal, 3-5 April. 



  92 
  

Pal, U.R. and Y. Shehu, 2004. Direct and Residual Contributions of symbiotic N fixation by  

legumes to the yield and N up take of maize in Nigerian savanna. J. Agron. Crop Sci., 187: 

53-58. 

Pal, U.R., T.O. Oseni and J.C. Norman, 1993. Effect of Component Densities on the 

Productivity of Soybean/Maize and Soybean/Sorghum Intercrop. J.   Agron. Crop  S., 

170: 66-70. 

Palaniappan, S.P., 1985. Cropping systems in the tropics, principles and management. Wiley  

Eastern Limited. Tamil Nadu Agricultural University. India. Pp. 75-80. 

Papendick, R.I., P.A. Sanchet and G.B. Triplett, 1976. Multiple Cropping. ASA special  

publication No. 27. In: Vandermeer John (ed.) 1989. The Ecology of Intercropping. 36  (2). 

Cambridge University Press. 

Patra BC, Mandal BK, Padhi AK., 2000. Production potential of winter maize (Zea mays)- 

based intercropping system. J. Agric. Sci. 70(4):203-206. 

Patra BC, Mandal BK, Padhi AK.,1999.suitability of maize (Zea mays) based intercropping 

systems. Indian J. Agric .Sci. 69 (11):759-762.  

Rameto, N., 2007. Negash, R., 2007. Determinants of adoption of improved haricot bean 

production package in Alaba special woreda, southern Ethiopia. Msc. Thesis, Haramaya 

University. Pp.96. 

Rao, L.J. and Mittra, B.N., 1990. Evaluation of groundnut (Arachis hypogea) genotypes for             

Intercropping with two types of pigeon pea (Cajanus cajan). J. Agric. Sci. 115:337-342. 

Rao, M.R. and R.W. Willey, 1980. Evaluation of yield stability in intercropping: Studies on         

sorghum /pigeon pea.  Exper. Agric., 16: 105-116. 

Rezaei-Ch. E., Nassab M., Dabbagh A., Shakiba R. M., Ghassemi- Golezani, K., Aharizad S.,  

and. Shekari F., 2011. Intercropping of maize (Zea mays L.) and faba bean (Viciafaba L.) at 

different plant population densities. Department of  Agronomy and Plant Breeding, Faculty 

of Agriculture, Tabriz University, Tabriz- Iran. Pp. 1791.  

Rezende, G.D.S.P. and Ramalho, M.A.P., 1994. Competitive ability of maize and common           

Cereal- Legume Intercropping Systems. Advanced in Agronomy, 41: 42-52.  

Ruthenberg, H., 1980. “Farming Systems in the tropics,” 3rd (eds). Pp. 424. Clarendon, New  

York.  



  93 
  

Ryan, J., G. Estefan and A. Rashid, 2001. Soil and Plant Analysis Laboratory Manual. Second 

Edition. Jointly Published by the International Center for Agricultural Research in the Dry 

Areas (ICARDA) and the National Agricultural Research Center (NARC). Available from 

ICARDA, Aleppo, Syria 172p. 

Sanchez, P.A., 1989. Properties and management of soils in the tropics.  John Willey and 

Sons Inc., New York. Pp. 478-532. 

Sangoi, L., Gracietti, M.A., Rampazzo, C. & Biachetti, P., 2002. Response of Brazilian maize 

hybrids from different eras to changes in plant population. Field Crops Res. 79, 39- 51. 

Santalla, M., P.A., Rodino A.P. A.P. Casquero and de Ron M. A., 2001. Interactions of bush 

bean intercropped with field and sweet maize. Euro. J. Agron., 15 (2001): 185–196. 

Sarquis, J.I., Gonzalez, H. & Dunlap, J.R., 1998. Yield response of two cycles of  selection  

from a semi-prolific early maize (Zea mays L.) population to plant density, sucrose 

infusion and pollination control. Field Crop Res. 55, 109-116. 

Schneider Kate & Anderson Leigh, 2010. Yield Gap and Productivity Potential in Ethiopian 

Agriculture: Staple Grains & Pulses. Prepared for the Farmer Productivity Team  of the 

Bill & Melinda Gates Foundation Pp. 1-13. 

Setegn G., 1997. Evaluation of climbing bean (Phaseolus Vulgaris L.) genotypes for yield and 

yield components in sole crop and intercropped with maize (Zea mays L.). MSc. Thesis, 

school of graduate studies, Alemaya University, Ethiopia, Pp. 176. 

Shahzad, M A., W. U. Din, S. T. Sahi, M. M. Khan, Ehsanullah and M. Ahmad, 2007. Effect  

of sowing dates and seed treatment on grain yield and quality of wheat. Pakistan J. Agric. 

Sci., 44(4): 581-583. 

Shimelis W/H., Mitiku H., and Wogayehu B., 1990. Haricot bean production Systems in the 

Hararghe high lands. Research on Haricot bean in Ethiopia: an  assessment of status 

progress, priorities, and strategies. Proceedings of a National workshop held in Addis 

Ababa, Ethiopia. 1-3 October, 1990. Pp. 14-18. 

Singh P. and SriRama Y.V., 1989. Influence of water deficit on transpiration and radiation use 

efficiency of chick pea (Cicerarietinum L.). Agric. For Meteorol. 48: 317- 330. 

Sisay T., 2004. Effect of planting pattern and proportion of green gram (Vigna radiate (L)  

wilczec) on productivity of sorghum/ green gram intercropping system in Kewet wereda. 

Amhara Region. MSc. Thesis, Alemaya University. Pp. 33-45. 



  94 
  

Siva K., M.V.K., 1993. Growth and Yield of Millet and Cowpea in Rely and Intercrop sytems 

in the Sahelian Zones in years when the onset of the rainy season is early. Exper. agric. 

29(4): 417-427. 

Sivaraman, K. and S.P. Palaniappan, 1995. Turmeric-maize and onion intercropping system.  

Leaf area Index and dry matter accumulation. Indi. J. Spices and Arom. Crops. 4: 145- 155.  

Steiner, K.G., 1984. Intercropping in tropical small holders’ agriculture with Special  

Reference to West Africa. Eschborn: GTZ. 217- 304 p. 

Tamado T., and Eshetu M., 2000. Evaluation of sorghum, maize and common bean  

intercropping systems in Eastern Hararghe. Eth. J. Agric. Sci. 17 (1/2): 33-46. 

Tamado T., 1994. Intercropping of groundnut (Arachis hypogaea L.) and sorghum  (Sorghum 

bicolar L., Moench) with emphasis on spatial arrangements. M.Sc.  Thesis, Alemaya 

University, Alemaya, Ethiopia. 94p. 

Tamiru H., 2013. Effect of Interceding Date on Growth and Yield of Three Legume Crops 

Intercropped with Maize (Zea mays). J. Biol. Chem. Research. Vol. 30 (2): 652- 673. 

Tenaw W., 1990. “Review of Agronomic Studies on Haricot Bean in the Southern Zone  of  

Ethiopia”, Research on Haricot Bean in Ethiopia: an Assessment of Status, Progress, 

Priorities and Strategies, Proceedings of a National Workshop held in Addis Ababa, 1- 3 

October 1990, 1-114 p. 

Tesfa B., Tolera A., Tewodros M., Gebresilasie H., Temesgen D., Tenaw W., Waga M., 

Hussen H., 2011. Review on Crop  Management Research for Improved Maize 

Productivity in Ethiopia. Proceedings of  the Third National Maize Workshop of Ethiopia 

April 18–20, 2011, Addis Ababa, Ethiopia.Pp.115-122. 

Tesfa B.,Tolessa D., Setegn.G., Tamado T., Negash G., and Tena W., 2002. Development of 

Appropriate Cropping systems for Various  maize producing regions of Ethiopia in  

enhancing the contribution of maize to food security in Ethiopia proc. 2nd Natl. maize  

work shop of Ethiopia, 12-16 Nov. 2002.(Eds. Mandefro .N., D.G. Tanner and S.  

Twumasi-Afriye). Addis Ababa, Ethiopia, PP 61-70. 

Tetio-Kagho, F & Gardner, F.P., 1988. Response of maize to plant population density. I. 

Canopy development, light relationships and vegetative growth. Agron. J.,  80, 930- 935. 



  95 
  

Thobatsi, T.J., 2009. Growth and yield response of maize (Zea mays L.) and   Cowpea (Vigna 

unguiculata L.) in intercropping system. Masters dissertation. University of Pretoria,  

South Africa. Pp.67.  

Tilahun T., 2002. Effects of planting arrangement of component crops on productivity  of 

maize/faba bean intercropping systems. MSc. Thesis, Alemaya University. 113p. 

Toaima, S E., El-Hofi, A A. and Ashoush, H., 2000. Yield and technological characteristics of  

some wheat varieties as affected by N- fertilization and seed rates. Mansoura  University, 

J. Agric. Sci., 25: 2449-2467. 

Tolera A.,Tamado.T., and Pant M.L., 2005. Grain yield and LER of Maize-climbing Bean  

Intercropping as Affected by Inorganic, Organic Fertilizers and Population Density in  

Western Oromia, Ethiopia. Asian J. of Plant Sci. 4(5): 458-465. 

Tolessa D., Tesfa B., Wakene N., Tena W., MinaleL., Tewodros M., Burtukan M., and Waga 

M., 2002. Areview of Fertilizer management Research on maize in Ethiopia. In:  

Enhancing the contribution of maize to food security in Ethiopia proc. 2nd Natl. maize  

work shop of Ethiopia, 12-16 Nov.2001.(Eds. Mandefro .N., D.G. Tanner and S.  

TwumasiAfriye). Addis Ababa, Ethiopia, Pp.46-60. 

Tollenaar, M., 1992. Is low plant population a stress in maize? Maydica. 37, 305-311. 

Trenbath, B.R., 1974. Biomass productivity of mixtures. Advances in Agronomy, 26: 177-  

210. 

Trenbath, B.R., 1982. Proc. Front Res. Agric. Indian Statist. Advanced in Agronomy. 41: 41- 

42. 

Tsubo M., Walker S., Mukhala E., 2001. Comparisons of radiation use efficiency of mono-

/inter-cropping systems with different row orientations. Field Crops Res., 71:17- 29. 

Tsubo, M., Ogindo, HO & Walker, S., 2004.  Yield evaluation of maize-bean intercropping in 

a Semi-arid region of South Africa.  Afri. Crop Sci., 12(4): 351-358.  

Tsubo M., Walker S. &Ogindo HO., 2005. A simulation model of cereal–legume 

intercropping  systems for semi-arid regions I. Model development.  Field Crops  Res., 93: 

10–22. 

Tsubo, M., E. Mukhala, H. O. Ogindo and S. Walker, 2003. Productivity of maize- bean  

intercropping in semi-arid region of South Africa. Water SA, 29(4): 381-388.   

Available on website http://www.wrc.org.za. 

http://www.wrc.org.za/�


  96 
  

Tsubo, M., S. Walker, and H.O. Ogindo., 2005. A simulation model of cereal-legume  

intercropping systems for semi-arid regions. II. Model application. Field Crops Res., 93(1): 

23-33. 

Turk M.A., Tawaha M. A., and El-Shatnawi J. K. M., 2003. Response of Lentil (Lens  

culinarismedic) to plant density, sowing date, phosphorus fertilization and ethephon  

application in the absence of moisture stress. J. Agron. Crop Sci., 189: 1-6. 

Usha Rao & Pandey. B. K. Pandey, 2006. Origin and introduction of crop plants, cereals, and 

pulses. Department of Botany, University of Delhi, Delhi-110007, India. 

Vega, C.R.C., Andrade, F.H. & Sadras, V.O., 2000. Reproductive partitioning and seed set 

efficiency in soybean, sunflower and maize. Field Crop Res. 72, 165-173. 

Vega, C.R.C., Andrade, F.H., Sadras, V.O., Uhart, S. & Valentinuz, O.R., 2001. Seed number 

as a function of growth. A comparative study in soybean, sunflower and maize.  Crop Sci. 

41, 748-754. 

Walker, S &Ogindo, HO., 2003.  The water budget of rain fed maize and bean intercrop.  

Physics and Chemistry of the Earth. 28: 919-926. 

 Willem, C., 1990. Raising and sustaining productivity of smallholder farming systems in the 

tropics. Ag Be Publishing, Akamar, Holland. Pp. 90-117. 

Willet, I.R., 1994. Physical and chemical constraints to sustainable soil use under rain fed  

conditions in the humid tropics of south East Asia. In: J.K. Syers and D.L. Rimmer 

(Editors), Soil science and  sustainable land management in the tropics. CAB International, 

Wallingford, pp. 235-247. 

Willey, R.W. and D.S.O. Osiru, 1972. Studies on mixtures of maize and beans (Phaseolus 

vulgaris L.) with particular preference to plant population. J. Agric. Sci., 79: 519-529. 

Willey, R.W., 1979. Intercropping – its importance and research needs. Part1. Competition  

and yield advantages. Field Crops Abstracts 32, 1–10. 

Willey, R.W., 1990. Resource use in intercropping systems. Agriculture and water 

management. 17: 215–231. 

Willey, R.W., 1991. Evaluation and presentation of intercropping advantage. Exper. 

 Agric., 21: 119-123. 



  97 
  

Wogayehu W., 2005. Evaluation of Common bean (Phaseolusvulgaries L.) varieties  

intercropped with maize (Zea mays L.) for double cropping at Alemaya and Hirna Areas,  

Eastern Ethiopia.MSc. Thesis Alemaya University.109p. 

Woldeyesus S., Zerihun T., and Nigussie A. (eds.), 1996. Increasing Food  Production through  

Improved crop management. In: Proceedings of the first and In augural conference  of 

Agronomy and Crop Physiology society of Ethiopia (ACPSE).30- 31 May   

1995, Addis Ababa Ethiopia. ACPSE, Addis Ababa. 

Woolley, J. and Smith, M.E., 1992.Detrmination of maize plant types suitable for present and 

possible relay system in Central America. CIAT Abstr. On Field Beans, xvii (3):9-15. 

Woolley, J.N. and Davis, J.H.C., 1991.The agronomy of intercropping with beans. In: 

common beans: Research for crop improvement. CABI/CIAT publication. Pp.709- 735. 

Wortmann, C. S, 1998. “Atlas of common bean (Phaseolus vulgaris L.) Production in Africa”, 

CIAT, Cali, Colombia, pp. 1-7. 

Yadav, R.L., K. Prasad and B.S. D wivedi, 1998. Cropping systems research. Pp.193- 213. In:  

R.L. Yadav, P. Singh, and R. Prasad and I.P.S. Ahlawati (eds.). Fifty Years of  Agronomic 

Research in India. Indian Soci. Agron., New Delhi. 

Yadav, R.S. and O.P. Yadav, 2000. Differential competitive ability and growth habit of pearl  

millet and Custer bean cultivars in a mixed cropping system in the arid zone of Indian.  J. 

Agron. Crop Sci., 185: 67-71.  

Yesuf M., 2003. Effects of planting arrangement and population densities of haricot bean on 

productivity of sorghum/haricot bean additive mixture. M.Sc. Thesis,  Alemaya 

University.Pp.57. 

Yoseph B., Anna-Maria B., and Alexander A., Myburg, 2006. Genetic diversity in traditional 

Ethiopian highland maize accessions assessed by AFLP markers and   

morphological traits. Biodiversity and Conservation (2006) 15:2655–2671 

Zardari S., Elahzad S., Zehtab-Salmasi S., Parast M. B., 2013. Study of growth analyze of 

bean (phaseolus vulgaris) in different intercropping patterns with dill (Anethum 

graveolens). International Journal of Agriculture and Crop Sciences. Available online at 

www.ijagcs.com.  

http://www.ijagcs.com/�


  98 
  

Zerihun A., Tadesse B., Shiferaw T. and Kifle D., 2014.Conservation Agriculture: Maize-

legume Intensification for Yield, Profitability and Soil  Fertility Improvement in Maize 

Belt Areas of Western Ethiopia. Intern. J. Plant  & Soil Sci., 3(8): 969-985. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  99 
  

 

 

 

 

 

 

 

 

 

7. APPENDIX 
 

 

 

                                                     

 



  100 
  

Appendix Table 1. Phenology and growth parameters of intercropped maize as influenced by common bean variety and planting 

density. 

                                                                                      Mean squares 
Source of variation  

D f 
DFT DFS DFM PH LA (cm2) LAI TBY HI 

Replication 2 13.231 6.2564 4.6410 8.52 14.22 0.178 164635 0.39 

Intercrop Vs. sole 1 0.077 0.137 0.259 0.68 242.67 0.313 1904277 28.80 

Common bean variety 
(A) 

1 0.094 0.1239 0.2543 51.26 305.24** 0.482 12987025* 129.72* 

 
Maize and Common 
bean component 
densities (B) 

 
5 

 
1.278 

 
0.8148 

 
1.6898 

 
39.86 

 
646.80** 

 
0.587 

 
11782585** 

 
39.62 

A x B 
 

5 1.472 0.9722 1.8125 5.06 6509.98** 3.319* 9292651* 
 

198.82* 

Error 22 1.453 0.8675 0.8632 21.53  36.23 1.11 3092702 33.16 
          
DF = degree of freedom, DFE, DFT, DFS, DFM, PH,LA, LAI, BY, HI= days to 50% emergency, days to 50% tussling, days to 

50%silking, days to 50%maturity, plant height, Leaf area,  Leaf area index, Biomass yield, Harvest index respectively 

* = significant at 5 % probability level**= highly significant at 1% probability level. 
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Appendix Table 2.Growth parameters of intercropped maize as influenced by common bean variety and planting density 

DF = degree of freedom, CV= Coefficient of variance, SNPC and DBMY=Seed number cob-1and Dry biomass yield respectively,   

* = significant at 5 % probability level, **= highly significant at 1% probability level 

 

 

 

                                                                      Mean squares  
Source of variation  

 
D f 

SNPC Cobs 
plant -1 

N. of 
Rows cob -
1 

N. of 
seeds/row 

1000 
seed 
weight in 
gm. 

Yield ha-1 
in kg 

DBMY/ha 
in kg 
 

Cob 
length in 
cm 

Cob 
weight 

Replication 2 139.59 0.003 0.220 1.287 100.89 84441.4 154964 0.1321 0.0002 

Intercrop VS Sole 1 228.14 0.001 0.113 3.723 753.72** 674831.51* 1139691** 1.095 0.000002 

Common bean 
variety (A) 

1 110285.25**

  
0.406** 0.370** 422.533** 1220.52** 609436.4** 402181** 9.5790** 0.023** 

Maize  and Common 
bean component 
densities (B) 

5 58824.69**

  
0.309** 0.717** 244.747**

  
1363.85** 586026.5** 3546435** 39.1686** 0.026** 

AxB 
 

5 36249.15** 0.202** 0.782** 163.090** 927.31** 75851.8** 118063** 16.1038**

  
0.016** 

Error 22 64.93 0.001 0.068 0.694 78.77 15458.7 20458 0.2555 0.0008 
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Appendix Table 3.Phenology and growth parameters of intercropped common bean as influenced by population density of maize 

and common bean variety. 

 

                                                                                                          Mean squares 
Source of variation  

D f 
DFE DFF DFM NNPP DWNPP HSW LA LAI  HI 

Replication 2 0.172 0.095 0.500 0.013 0.057 4.471 230.3 3.2808 6.198 

Intercrop Vs sole 1 0.454 0.956 1.176 0.243* 0.180 2.048** 12.66* 1.606 35.294* 

Common bean 
variety (A) 

1 5.544** 0.394 1.196 100.467** 7.956** 68.767** 56090.8** 2.8243** 408.432** 

Maize and Common 
bean Component 
densities (B) 

5 0.244 0.042 0.579 0.087 0.351** 66.358** 12190.7** 3.5654** 348.674** 

A x B 
 

5 0.071 0.951 1.312 0.122 0.624** 168.974** 12308.4** 2.5450** 696.979** 

Error 22 0.45 0.97 1.182 0.246 0.171 2.003 12.20 0.3671 1.963 

DF = degree of freedom, CV= Coefficient of variance, DFE, DFF, DFM, NNPP, NPBB, DWNPP, HSW, LA, LAI=Days to 50% 

emergency, Days to50% flowering, Days to 50% maturity, Number of nodules plant-1, Number of pod bearing branch plant-1, Dry 

wait of nodule per plot, Hundred seed weight, Leaf area and  Leaf area index respectively, * = significant at 5 % probability level, 

**= highly significant at 1% probability level 
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Appendix Table 4.Phenology and growth parameters of intercropped common bean as influenced by component density and bean 

variety. 

                                                                       Mean squares 
Source of variation  

D f 
LN NBPP NPPP NSPP PH PL Y AGBM

  

Replication 2 6.801 0.235 0.1031 0.005 24.6 0.025 5408 58207 

Intercrop Vs sole 1 1.816 1.796 0.353* 0.1324* 15.25 0.2172* 26.28** 278.2* 

Common bean 
variety (A) 

1 14.883** 7.086 64.086** 7.665**  10760.6** 52.725** 16504800** 153853588** 

Maize  and Common bean 
component densities (B) 

5 15.828** 2.667 16.113** 0.243** 2222.2** 6.305** 394969** 2090528** 

Ax B 
 

5 7.036 
 

5.408 12.609** 1.989** 1173.2** 3.811** 397139** 3966095** 

Error 22 1.704 1.825 0.348 0.134 15.48 0.217 52.85 275.5 
          

DF = degree of freedom, CV= Coefficient of variance, LN, NBPP, NPPP, NSPP, PH, PL, Y, ABM, DBM= Leaf number, Number 

of branch plant-1, Number of pod plant-1, Number of seed pod-1, plant Height, Pod length, Yield/ha, Above ground biomass, Dry 

biomass yield,* = significant at 5 % probability level, **= highly significant at 1% probability level 
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Appendix Table 5. Effect of variety and component density on yield advantages of maize/common bean intercropping. 

 

                                   Mean squares 

Sources of variation DF PLER  Total LER GMV  and MV in ETB/ha 

 maize Common bean LER maize Common bean GMV MV 

Replication 2 2.737 0.0008 0.0008 1.570 10230 9.477 8.260 

Common bean Varieties 

(A) 

1 7.381** 0.0187** 0.5220** 4.234** 132902 4.385** 3.247** 

Maize and Common bean 

Component densities (B) 

5 2.326** 0.0210** 0.2386** 1.334** 25711495** 1.475** 1.535** 

AXB 5 2.455** 0.0137** 0.1603** 1.408** 16961383** 7.302** 7.914** 

Error 22 4.079 0.00005 0.0001 2.340 36442 4.267 5.684 

DF=degree of freedom, CV= Coefficient of variance, PLER, LER, GMV, MV, ETB/ha=Partial land equivalent ratio, Land 

equivalent ratio, Gross monitory value, Monitory value, Ethiopian Birr per hectare respectively, **= highly significant at 1% 

probability level, NS= Non-significant
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Appendix Table 6.Rainfall and temperature distribution at Jimma during production season of 

2014. 

Month Rainfall 

(mm) 

 Min. Temp. 

(oC) 

 Max. Temp. 

(oC) 

Mean Temp. 

(oC) 

January 6.1 11.3 25.6 18.45 

February 21.3 10.7 26.2 18.45 

March 397.9 10.4 23.8 17.1 

April 258.5 11.6 25.6 18.6 

May 262.2 11.9 25.5 18.7 

June 142.8 10.6 26 18.3 

Mean 181.5 11.1 25.5 18.3 

Source: (Jimma Agricultural Research Centre Metrology Station) 
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