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ABSTRACT

Common bean (Phaseolus vulgaris L.) is the most important food, export and cash
crop and it is also the source of protein for the majority of peoplein Ethiopia.
Screening and selecting the most promising haricot bean varieties which are high
yielding and adaptable for rain-fed and/or irrigation condition is crucial in
minimizing the risk of maize mono cropping that is widely practiced in Bako Tibe and
its neighboring districts. Tothis end, twenty common bean (Phaseolus vulgaris L)
varieties were evaluated under irrigated condition at Bako to assess the genetic
variability and grain yield performanceunder this condition. The Design was
Randomized Complete Block Design (RCBD) with three replications. The mean,
minimum, maximum, range, deviation from the mean and standard error of mean
were showed a wider ranges of variation between the tested common bean varieties
for most of quantitative traitsThe analysis of variancealso indicated that the mean
square due to varieties were highly significant (P€0.05) for all quantitative traits
recorded in the present study. This indicated the possibility to produce heterotic
progeny upon crossing of genetically diverse varieties. Correlation analysis indicated
that mostyield and yield related traitsexhibitedpositiveassociation. Fore example
yield per plantwas positively correlated withharvest index(r=0.91),biomass yield(r
• 0.802), the number of seeds per pod(r=0.549), grain yield perplot (r= 0.435), and
grain yield per plant (r=0.338).The grain yield exhibited significant positive
correlation with 100 seed weight indicating relative utility of this trait for
selection.100 seed weight exerted maximumpositive direct effect and exhibited
significant positive correlation with yield indicating a true relationship among the
traits. The estimation of phenotypic coefficient of variation, genotypic coefficient of
variation, broad sense heritability and genetic advance were high for the 13
quantitative traits of the tested common bean genotypes.This indicated that selection
of these traits is likely to accumulate more additive genes leading to further
improvement of their performance and these traits may be used as selection criteriain
common bean breeding program. The overall performance of the test varieties was
very good in that particular area except Awasa Dume under irrigated growing
condition.Therefore, it is advisable to promote haricot bean as an irrigable crop in
the study areas to improve production level, increase source of cash for farmers and
foreign currency for the country as export crop. Some genotypes like Ramada, Nassir,
Omo-95 and Seer-119 can be recommended for production under irrigated
conditions.However, caution should be taken in the use of these results as the study
was conducted only in one location and for one season. In order to validate the
findings, the study should be conducted for a number of years and in many locations

Key words: Correlation coefficient, cluster analysis, Genetic advance, Genetic
variability, haricot bean and Heritability.
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1. INTRODUCTION

Common bean(Phaseolus vulgarisL. 2n= 2x= 22) originated in Latin America and has

two primarycenters of origin in the Mesoamerican and Andean regions that are easily

distinguished by molecular means (Blair et al., 2010). All species of the genus are diploid

and most have 22 chromosomes (2n=22, x=11). The genome of common bean is one of

the smallest in the legume family at 625 Mbp per haploid genome.

Common bean (Phaseolus vulgarisL.) is the third most important food legumes

worldwide next to soybean and peanut (Singh, 1999).Among the pulses (i.e. annual

leguminous food crops that are harvested for dry seeds), the common bean is the most

important crop. The genusPhaseolusis of American origin and comprises over 30

species (Debouck, 1991). Five of them, namely,P. acutifolious A. Gray (tepary bean),P.

coccineus(runner or scarlet bean),P. lunatus(lima, butter or madagascar bean),P.

polyanthusGreenman (year-long bean) andP. vulgaris (common bean, haricot bean,

navy, French or snap bean) were domesticated (Debouck, 1999).Among these species,

the common bean is the most widely distributed and has the broadest range of genetic

resources. It is mostly used as food crop throughout the world, especially in Latin

America and Africa (Singh, 1999).

Crop genetic resources are theproduct of the interaction between human and natural

selection of plants, yielding a set of domesticated crops and varieties used in agricultural

production(Win, 2011). Crop genetic resources are embedded in seeds and they are an

important determinant of the characteristics and attributes of the crop species, together

with environmental and human management factors.

Evaluation of crop genetic resources is aprerequisite for which the future breeding work

is based. The value of germplasm relies not only on the number of accessions it

possesses, but also upon the genetic variability present in those accessions for agronomic

and yield components (Win, 2011). Heritability act as predictive tool in expressing the

reliability of phenotypic traits and thus high heritability could assist in effective selection
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of particular characters and devise future breeding programme of common bean.

Generally, conserving, characterizing genetic resources and developing novel breading

methods or tools are important for improving efficiency of the crop improvement(Asfaw

et al., 2009).

Each race has its own characteristics, ecological adaptation, and agronomic traits (Beebe

et al., 2000). Most beans are herbaceous annuals, although, under tropical conditions,

some beans (such as large limas) may behave as short lived perennials. They may be of

determinate or indeterminate growth habit, with pinnately compound trifoliolate leaves.

Growth and development of common bean is divided into vegetative and reproductive

stages.The common bean flower has an elongated twisted keel containing the style and

ten stamens. Cross pollination is possible if the stigma contacts a pollen coated bee when

it is extended. Otherwise the stigma will be self pollinated when it retracts and contacts

its own pollen at the opening of the keel.

Self-pollination is thus the norm in the common bean, and it probably occurs

automatically at or before the flower opens in the morning. For the grower, there is no

yield or other economic advantage of crosspollination. For the bean breeder, cross

pollination is actually a hazard to maintaining the purity of a cultivar..

Common bean (Phaseolus VulagrisL.), locally known as ƒBoleqe‚, and also termed as

dry bean, haricot bean, kidney bean and field bean is a very important legume crop grown

worldwide. Common bean form an important food and cash crop in Africa, particularly in

the eastern, southern and Great lakesof continent (Fikreet al., 2012). In Ethiopia, it was

most likely introduced by the Portuguese in the 16th century (Imru, 1985). Ethiopia is the

third producer of bean in eastern African countries next to Kenya and Uganda (CIAT,

1996).

Common beanis the most important food, export and cash crop and also the source of

protein for the majority of peoples in Ethiopia (Farris and Kaganzi, 2008). It is the second

most important grain legume cultivated as cash crop in Ethiopia (CSA, 2011) and is
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widely produced in the rift valley area of the country. For instance, the major common

bean producing areas of Ethiopia are the central, eastern and southern parts of the country

in general and Oromia (169,600 tons) and Southern Nations, Nationalities and People‚s

Region (SNNPR) (106,700 tons) makes up 81.08% of the total national production of

common bean in particular (CSA 2011).

It is one of the fast expanding legume crops that provide an essential part of the daily diet

and foreign earnings for Ethiopians small holder farmers particularly inhabiting the rift

valley regions (Girma, 2009). It is an excellent source of protein, fiber, complex

carbohydrates, vitamins and minerals and thus reduces malnutrition and improves human

health, especially for the poor whocannot afford livestock products(Philip, 2013).The

demand in both the domestic and export markets of beans provides a source of cash for

smallholder producers (interim report by Sackatchewan and Hawasa Universit, 2014).

Beside supplementation of protein and vitamins beans are also rich in essential

micronutrients that are found only in low amounts in cereals or root crops (Wanget al.,

2003). The average composition of micronutrients in common bean per 100g edible

portion isbeing protein 21.4g, carbohydrate 49.7g, fat 1.6g, dietary fibre 22.9g,energy

1218kj, minerals 679.5mg and vitamins 3.64mg.On the other hand the essential amino

acids composition per 100g edible portion being lysine 1540mg, methionine 240mg,

phynylanine 1130mg, threonine 860mg,tryptophan 210mg, valine 990mg, leucine 1640

mg and isoleucine 890mg (Kilassi, 2010).

A symbiotic relationship between a bacterium calledRhizobiumand common beans

provide nitrogen to the soil where they are grown.Legumes the group of plants to which

beans belong, fix atmospheric nitrogen in the soil in association withRhizobiumbacteria

(Kay, 1979). The fixation of atmospheric nitrogen improves the soil nitrogen level

benefiting the crop that are grown thereafter,thereby reducing production costs. The

fixed nitrogen is an important source of nitrogen nitrate for plant growth and

development. The common bean residues left on the field improve the soil structure

(Barrett, 1990).
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Nodulationand N2 fixation depend on the genotype of the host plant,rhizobiumstrain,

and their interaction with soiland environmental conditions (Kilassi, 2010). Under

optimized environmental conditions, genetically superior genotypes of common bean that

are nodulated with efficientrhizobiumstrain are able to fix enough N2 to support grain

yield. Nitrogen derived from biological fixation is 50„ 70 % more efficient than applied

N because only 30„ 50 % of the latter is recovered by plants (Bliss, 1993).

The major producing countries for national consumption are Brazil and Mexico while the

United States, Canada, Argentina and China are all exporting countries. The crop is also

important in a number of developing countries of Eastern andof Southern Africa (Kilasi,

2010). In these regions beans are grown for both subsistence agriculture and for regional

markets where they play an important role in food security and income generations.

Total world production cannot be calculated with certainty due to confusionwith other

legumes in some of the data, but is between 11and12million tonsare producedannually

worldwide, of which 8 million tones are from Latin America and Africa(Philip, 2013).

Latin America is the region of greatest production of common beans, representing

about50% of world volume, followed by Africa with 25%. Brazil, Mexico and the United

States of America are the three largest producers in the western hemisphere. In Africa,

most bean production is found in the eastern and southern highlands, extending from

Ethiopia to South Africa, with Kenya being the largest producer in the region. In West

Africa, bean production is localized in specific environments, with Cameroon being the

principal producer.

Ferris and Kaganzi (2008) have shown that an average national production is

approximately 150 thousand tons per annum. The level of production in 2005 was

approximately 175 thousand tones with a domestic market value of USD 30 million in

Ethiopia.  Although haricot bean is largely growingin Ethiopia, thenational average

yield of haricot beans is low ranging from 0.5 to 0.8 ton per ha whichis far below from

the corresponding yield recordedat research sites (2.5„ 3 tones ha„ 1) using improved
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varieties (EPPA, 2004).The yearly average production of common beans in Ethiopia has

increased steadily up to 11.67 qt/ha (CSA, 2011).In 2011/12, total haricot bean

production in the country was about 3,878,023.01 quintals (1.77% of the grain

production) on approximately 331,708.15 hectares of land (which constitutes 2.74%of

the total number of farms in Ethiopia orof the grain crop area (CSA, 2011)by small-

scale farmers without irrigation and with little use of agrochemicals.This is very low as

compared to the world average of 4 t/ha and that of the developed world 8.0 t/ha.

In 2013/14, total Haricot bean production in the country was about 4,574,116.13 quintals

(1.82% of the grain production) on approximately 326,465.88 hectares of land (2.63% of

the grain crop area) (Danielet al., 2014). Early maturity andmoderate degree of drought

tolerance led the crop‚s vital role in farmers‚ strategies for risk aversion in drought prone

lowland areas of the country (Abebeet al., 2013). The low national mean yield observed

for haricot bean could be attributed to variousconstraints related to low adoption of

improved agricultural technologies, drought, and lack of improved varieties, poor cultural

practices, disease, and environmental degradation (Legeseet al.,2006).

Irrigation development in Ethiopia is in its infancy stage and not contributing its share to

the growth of the agriculture sector accordingly. But the country has the potential for its

developmentboth in terms of vast suitable land and availability of fresh water resources

suitable for irrigationpurpose.However, currently limited land is being cultivated under

irrigated agriculture andtherefore, crop production is predominantly based on rain-fed

agriculture.

Irrigated agriculture isbeing practiced under smallholders, medium and large scale

farming. The small-scale irrigationschemes are understood to include traditional and

modern communal schemes up to 200 ha(NRMD, 2011). However, ƒtraditional‚ spate

irrigation and even some modern irrigation schemesare also being managed by

smallholders as part ofsmall-scale irrigation schemes, whereas thearea is quite larger

than indicated above. This has been confirmed by some studies carried out byIWMI,

(2011)which showed that some schemes have the capacity of over 2000 ha that are being
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managedby smallholders. Traditionally, farmers have built small-scale schemes on their

own initiative, but sometimes with some technical and material support from the

government and other developmentactors.

According to a study conducted by OESO (2000), there is 1.7 million hectares of land

suitablefor surface irrigation in the Oromia region that can benefit about 6.8 million

household heads. OESO (2000) have also shown that the amount of water potential to be

utilized for the purpose of irrigation in Oromia is estimated to be 58 billion cubic meter

of mean annual run off generated in the region and 2.1 billion cubic meter of

underground water.

Bako Tibe district is one of the areas in the region that possess high irrigation potential

and small scale irrigation isbeing practiced. However, there was no adequate study

which analysed the grain performance (high-yielding and high-quality) of improved

haricot bean varieties under small-scale irrigation andsystematic attempts have not been

made on the collection of information on genotypes with reference to quantitative traits

under irrigated conditionin the study area.

In the study area, the productivity of haricot bean is below the national average at farmer

level (discussion with farmers and profile from Bake Tibe woreda Agricultural bureau).

In essence of things, the generation and transfer of technologies and improved varieties is

not an end in itself. Therefore, increasing productivity and production of haricot bean will

be realized if and only if the farmers adopt the technologies including improved varieties

that are developed by researchcenter for rainfed and/or irrigated agricultural conditions.

The area suitable for haricot bean production in the study area under irrigation is around

484.04 hectare. However, the area sown is only 283.41 ha for only maize, sugarcane and

different vegetablecrops.Haricot bean production using irrigation is not common in the

study area (secondary data from Bako Tibe Agriculture bureau). Its adaptation to the area

where it is cultivated is optimal to marginal, which depends on the environmental

conditionsin eachpeasant association.
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In the study area, haricot bean isproduced by small-scale farmersonly under rain fed

condition. Small-scale farmers refer to two groups of farmers: 1) those who produce

haricot bean only for their subsistence and, 2) those who cultivate beans for their

subsistence but who may also produce an excess for the market. Both groups of farmers

are common in Bakodistrict. It is a well established agricultural component or product in

the study area and it is among themost important food legumes such as soya bean, field

pea, chicken pea, lentiles and haricot bean (secondary data from the woreda agricultural

bureau).

The wide rangeof growth habits of haricot bean amongthe differentvarieties has enabled

the crop to fit many growing situations (Kristinet al., 1997). Early maturity and moderate

degree of drought tolerance led the crop‚s vital role in farmers‚ strategies for risk

aversion in drought prone lowland areas of the country (Abebeet al., 2013). More

than 80% of the farm land in Bako Tibe district was allotted for maize production every

year (secondary data from the Woreda agricultural bureau). Common bean is one of the

potential crops used for maize-legume intercropping and rotation cropfor maize

continuous cropping.Screening and selecting the most promising common bean varieties

which are high yielding and adaptable to rainfed and/or irrigation condition is crucial in

minimize the risk of maize mono cropping that is widely practiced in Bako Tibe and the

neighboring districts..

Horizontal increase (expansion of new farm lands) to increase crop production is over

exploited to the limit and thus, increasing the productivityper unit areaof the shortly

maturing and widely adapted pulsecrops such as common beanpresents an opportunity in

reversing poverty and food insecurityparticularly in the rift valley regions where the

rainfall duration is very short.Common bean productionalso depends on applied N2

fertilizer. Relatively high rates of N fertilizer are applied regardless of the cultivars and

other factors such as residual soil N. The majority of Ethiopian farmers, however, are

unable to afford the high mineral fertilizer cost(Acquaah, 2012).
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To mitigate this,Biological N2 fixation, a key source of N for poor farmers, constitutes a

potential solution and may play a key role in sustainable bean production in sub-Saharan

Africa (Philip, 2013). Besides, the crop can fix freeatmospheric nitrogenin to usable

nitrates form insoils and thus improve soil fertility and save fertilizer costs in subsequent

crops. Apart from aforementioned advantages, inclusion of this crop in to the farming

system helps to improve soil fertility through symbiotic nitrogen fixation.Commonbeans

are also used for different cropping systems.

It is compatible for intercropping with maize and sorghum and for alley cropping with

perennial leguminous shrubs which can also improve soil fertility. This system can

produce an additional biomass, which can be used for fodder or for mulching or for green

manuring without any significant grain yield reduction of haricot beans.Common bean is

also the most preferred pulse crops for intercropping, crop rotation or greenmanuringto

restore soil structures and fertility, and increase land equivalent ration (LER).Irrigation can

therefore be used as an alternative N source, particularly under low input production

system for resource limited small scale common bean producers. It also serves as a break

crop in Maize-based andother cropsbased farming systems to reduce decline in soil

fertility.

.

Yield is the principalparameterin the improvement of any crop. Like other legumes,

seed yield in common bean is a quantitative characterand influenced by a number of

yield contributing traits. Improvedcommon beanproduction involves use of different

agronomic practices such as improved variety, seed rate, spacing, fertilizer rate, irrigation

practicesand pesticide applications at the recommended rate.

Nonetheless, sizeable improvement in production and productivity depends on the extent

to which a household has applied the recommended package practices. The selection or

evaluation of desirable genotypes should therefore also be based on yield as well as on

other yield components. Number of pods per plant, number of seeds per pod, and mean

seed weightare the three major yield related traits(Nienhuis and Singh, 1986).

Improving the yielding potential and related desirable trait is the main objective of
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common bean breeding program. The efficiency of breeding program increases by careful

choice of parents capable of producingheterotic progeny with desirable trait

combinations (Angelaet al., 2002; Cristina et al., 2002).  Information on mutual

association between grain yield and yield components is necessary for efficient utilization

of the genetic stock in crop improvement program of any crop.

Yield is the principal factor for determining improvement of a crop. Like other legumes,

seed yield in common bean (Phaseolus vulgarisL.) is a quantitative character and

influenced by a number of yield contributing traits. Improved haricot bean production

involves use of different agronomic practices such as improved variety, seed rate,

spacing, fertilizer rate, and pesticide application at the recommended rate. Nonetheless,

sizeable improvement in production and productivity depends on the extent towhich a

household has applied the recommended package practices. To increased use of improved

seeds varieties and to achieve sustainable agricultural development in the country, the

Ethiopian government has identified improving the efficiency of the seed system is one

of the most effective means of meeting the Millennium Development Goals (Yonaset al.,

2008).Therefore, it is needed to identify the genetic variation and grain yield potential of

the existing improved haricot bean varieties under both rain fed and irrigated condition in

Ethiopia.

The selection or evaluation of desirable genotypes should therefore also be based on yield

as well as on other yield componentsboth in rain-fed and irrigated condition. Number of

pods per plant, number of seeds perpod, and mean seed weightare the three major yield

related traits(Nienhuis and Singh, 1986).Improving the yielding potential and related

desirable trait is the main objective of common beanbreeding program. The efficiency of

breeding program increasesby careful choice ofparentscapable of producingheterotic

progeny with desirable trait combinations (Angelaet al., 2002); Cristina et al.,(2002).

Information on mutual association between grain yield and yield components is necessary

for efficient utilization of the genetic stock in crop improvement program of any crop.

.
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Generally, to achieve significant progress in breeding programs, it is essential to know

the relationship between grain yield and its components both under rain fed and irrigation

condition (Win, 2011). Therefore, themainaim of this study wasto evaluateand identify

the best performingcommon beanvarietiesunderirrigated condition in the study area

1.1Objectives

1.1.1General objective

The generalobjectiveof the present study was to assess the genetic variation and grain
yield performance of improved common bean varieties under irrigated condition around
Bako area.

1.1.2Specific objectives

…To assess the genetic variabilityamong the released common bean varieties under

irrigated condition and identify promising varieties for further breeding and production

activities,

…To estimate the genetic parameters, genotypic and phenotypic coefficient of variations,
heritability and genetic advance forquantitative traits;

…To determine theassociationbetween grain yield and yield related components
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2. Literature Review

2.1The common bean crop, origin, evolution and distribution

Common bean(Phaseolus vulgarisL.) belongs to order Rosales, familyLeguminosae

subfamilyPapilionideae, tribePhaseolinae(CIAT, 1986).Common bean was originated

in Tropical America (Mexico, Guatemalaand Peru), but there are also evidences for its

multiple domestication within Central America (Kay, 1997). The crop is now widely

distributed throughout the world and consequently, it is grown in all continents except

Antarctica (Singh, 1999). It is well adapted to areas that receive an annual average

rainfall ranging from 500„ 1500 mmwith optimum temperature range of 16°C„ 24 °C, and

a frost free period of 105 to 120 days. Moreover, it performs best on deep, friable and

well aeratedsoil types with optimum pH range of 6.0 to 6.8 (Kay, 1979).In Ethiopia the

major common beanproducing regions are Central, Eastern, and Southern parts of the

country and in central Ethiopia; farmers grow early maturing white pea bean crop for

export as their cash crop (CSA, 2005).

The current organization of genetic diversity in the cultivated gene poolof common bean

is the result of evolution under both natural conditions (i.e., prior to domestication) and

cultivation. Before domestication, wildphaseolus vulgarishadalready diverged into two

major gene pools, each with its characteristicsand geographical distribution, in

Mesoamerica and the Andes. In addition to these two major gene pools, recently

discovered wild bean populations constitute a third, distinct germplasm segment of

particular significance for the evolutionary history of common bean(Gepts, 1998).

These two wild gene pools can be distinguished at the morphological (Gepts and

Dubouck, 1996) and molecular level (Faschianiet al., 2009). They also separated by

incomplete reproductive isolation, which lead to F1 lethality in some, but not all,crosses

(Koinange and Gepts, 1996). The existence of this reproductive isolation and the level of

divergence at the molecular level suggest that these two gene pools may actually

represent two subspecies. Over evolutionary time scale,Phaseolusvulgaris could

eventually split into two geographically isolated species (Gepts, 1998). However, many
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crops have been marked by a progressive reduction in genetic diversity(Gepts, 1998),

and common bean is no exception.

2.1.1 Origin, domestication and distribution�.

The genusPhaseolusL. includes numerous wild and cultivated species that originated in

the New World, the exact number is still unknown (Debouck, 1999).Phaseolusvulgaris

L. is the most widely cultivated species owing to its high nutritional value.There are four

major gene pools; namely Mesoamerican, Andean, Northern Andean and Columbia. Two

major gene pools of common bean were first recognized in the wild form, Mesoamerican

and Andean (Gepts, 1998). Evidence of this distribution was based on morphological

traits (Singh, 1989; Singhet al., 1991), phaseolinseed protein (Geptset al., 1986),

isozymes (Gepts, 1989), and molecular markers (Freyreet al., 1996 ;Tohme et al.,

1996). A third, genetically unique gene pool was later described in thenorthern Andes

(Debouck, 1999 ;Tohme et al., 1996). The northern Andes gene pool is located in

Ecuador and northern Peru and is considered to be the nucleus of diversity, from where

wild beans dispersed both northward and southward (Broughtonet al., 2003). A fourth

gene pool in Colombia might also exist, but it is still poorly understood (Debouck, 1999;

Tohmeet al., 1996). However, recent work done by Bitocchiet al., (2011) identifies the

origin of Phaseolusvulgarisas Mesoamerican.

The first domestication ofPhaseolusvulgaris by humans is said to have started slightly

more than 4,000 years ago in Mesoamerica and South America (Kapplan and Lynch,

1999). The work of Kamiet al., (1995) suggested that, starting from the core area of the

western slopesof the Andes in northern Peru and Ecuador, the wild bean was dispersed

north (Colombia, Central America, and Mexico) and south (southern Peru, Bolivia, and

Argentina), which resulted in the Mesoamerican and Andean gene pools, respectively.

The common beanthen spread to Europe and Africa (Geptset al., 1986, 1988).The

common bean was taken to Africa and other parts of the world by Spaniards and the

Portuguese (Raniaet al., 2010)
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2.1.2Morphology and Botany

Common bean (Phaseolus vulgarisL), also referred to as dry bean, is an annual

leguminous plant that belongs to the genus,Phaseolus, with pinnately compound

trifoliate large leaves (Katungiet al., 2009). It is cultivated on all continents except

Antarctica, under very diverse cultivation conditions (Chaco, 2005).

Common bean is largely a self-pollinated plant though cross-pollination does occur if the

stigma is exposed to foreign pollen. Seeds are non- endospermic and vary greatly in size

and colour from the small black wild type to the large white, brown, red, black or mottled

seeds of cultivars, which are 7-16 mm long (Acquaah, 2012).

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).. Bush varieties form erect bushes 20„ 60 cm tall, while pole or

running varieties formvinesv2„ 3 m long. All varieties bear alternate, green or purple

leaves,divided into three oval, smoothedged leaflets, each 6„ 15 cm long and 3„ 11 cm

wide. The white, pink, or purple flowers are about 1 cm long, and give way to pods 8„ 20

cm long, 1„ 1.5 cm wide, green,yellow, black or purple in color, each containing 4„ 6

beans. The beans are smooth, plump, and kidney-shaped, up to 1.5 cm long, range widely

in color, and are often mottled in two or more colors (Acquaah, 2012).

The leavesare broad at thebladeand are attached to the stem by means of a stalk-like

petiole. The leaf may be simple (have only one blade per petiole) or compound (usually

three blades per petiole). There may be twosimpleleavesor onecompoundleaf attached

at a spot on the stem called anode. The veins of each leaf blade are arrangedinto a

complicated network. Where the stem andleaf join, there is a swollen area of thepetiole

that is responsible for leaf movements. At night the bean leaves foldtogether and down

toward the soil; at dawn the leaves unfold and are lifted into the sun(Raniaet al., 2010).

Two special leaves maystill be attached to your bean plant. These are thecotyledonsor

seed leaves. These leaves are very fleshy and are used by the plant to storestarch and
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other complex molecules in the seed for the later nourishment of the growingplant. On

your plant, thecotyledons may be withering due to loss of starch and may haveturned

green to help produce more nutrients through photosynthesis. The cotyledons mayhave

been completely used up and abscised (fallen off). The portion of the stem belowthe

cotyledons is called thehypocotyls (Buruchara, 2007).

The beanstemis quite long and theinternodesbetween leaf attachments (nodes) are quite

obvious. The lowest portion of the stem is below the cotyledons and is called the

hypocotyl. The stem terminates at the top of the plant in theapicalbud. Lateralbudsare

found in the axils of each leaf just above the node. This bean plant is a "bush" varietythat

has shorter stems than the wildtype "pole" beans. The stem tips of pole beans growvery

rapidly in a twistingmanner and "whip around" at several cycles per day. When thestem

touches an object, changes in theproduction of plant hormones cause the stem totwist

tightly around and grow up the object. This twining habit is called circumnutationand is

common amongvines like pole beans. How did we get bush beans from wild polebeans?

They resulted from a plant with a chance mutation in a gene coding for a planthormone

involved with stem growth. They cannot produce enough gibberellic acid forextensive

stem growth( Koning, 1994).

Koning (1994) therootsof the bean plant are mostly fibrous, although a single main root

(thetaproot) is larger than the others. The taproot forms many finelateralrootsthat make

up the bulk ofthe mineral absorption area. Some plantroots are contractile; they shorten

to pull theplant around in the soil. In one case the roots can pull the plant 60 cm through

the soil in one year. While they operate very slowly, these roots prove that plant

locomotion is possible. Many plant species have contractile roots, but they usually serve

only to pull the stem deeper into the soil, not across the soil.

2.1.3Plant Development

The development of bean (determinate and indeterminate plant types) pass through two

main stages of vegetative (V), (7to 40 days) and reproductive (R), (40 to 94 days) as

indicated inVegetative stages are determined by counting the number of fully expanded
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trifoliolate leaves on the main stem while the reproductive stages are described by pod

and seed characters. The first pod developing on the plant is described and followed to

full size. At the time of first bloom (R stage), secondary branching begins in the axis of

lower nodes which will produce secondary groups of blooms or pods. To determine the

growth state, the main stem is followed, which is readily discernible on both determinate

and indeterminate plants. A trifoliolate is counted when it is fully unfolded (Kandel,

2010).

2.2 Importanceof Common Beans in GlobalAgriculture.

Common bean is the worldƒs most important grain legume for direct human consumption

(Broughtonet al., 2003), with 20.3 million tons of dry beans harvested from 27.9 million

ha worldwidein 2008 (FAO, 2011). The annual production value of common bean is

estimated to be over U.S $ 10 billion (Rao, 2001). The leading bean producer and

consumer is Latin America, where beans are an important traditional food, especially in

Brazil, Mexico, the Andean Zone, Central America, and the Caribbean. In Africa, beans

are grown mainly for subsistence, where theGreatLakesregion has the highest per capita

consumption in the world. Beans are a major source of dietary protein in Kenya,

Tanzania, Malawi, Uganda, and Zambia (CIAT,2014). It is also an excellent lowfat

source of complex carbohydrates, fibre, folate, potassium and B vitamins. It alsoserves

as a break crop in Maizebased and rice- based farming systems to reduce decline in soil

fertility (Canada, 2003).

2.2.1 Importance of common bean in eastern and southern Africa

It has been reported by Lunze (2001) that common bean is an important grain legume

grown on over 3.7 million of hectares every year in Eastern, Central and Southern Africa

(ECSA) where bean consumption per capita exceeds 50 kg a year and is perhaps the

highest in the world, reaching over 66 kg in densely populated western Kenya

(Wortmannet al., 1998). Common bean is mainly produced by the small scale farmers

that are resource poor.
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Apart from the high protein content, common bean is also a good source ofenergy and

provides folic acid, dietary fibre and complex carbohydrates (Philip, 2013). Common

bean protein is high in lysine, which is relatively deficient in maize, cassava and rice,

making it a good complement to these staples in the diet. It is grownfor its green leaves,

green pods, and immature and/or dry seeds. Beans are appreciated throughout the Eastern

and Southern Africa because they have a long storage life, good nutritional properties and

can be easily stored and prepared for eating (Centro, Agricultura, and Ciat, 1999). The

cost of common bean is low as compared to meat products thus its high consumption in

Africa. Beyond promoting food, health and nutritional security, beans provide a steady

and lucrative source of income for many ruralhouseholds,with the value of bean sales

exceeding US $ 500 million annually (FAO, 2011).

The cost of inorganic fertilizer keeps on increasing and particular in the Eastern and

Southern Africa making the poor farmers unable to access these inputs which theyneed

to raise their productivity. Common bean is usually grown either in a pure stand, in

rotation with cereals or in crop mixtures usually with maize and the bean fixes nitrogen

which benefits the next crop. In this way, the poor resource farmer is able to increase

their productivity. The yield of common bean in Eastern and Southern African ranges

from 0.60 to 0.80 ton ha-1 though the potential yield of some improved varieties can go

up to 2.00 ton ha-1 (Philip, 2013).

2.2.2 Common bean Production andits Economic Importance in Ethiopia

In Ethiopia, faba bean is the crop that has the highest absolute production, and the largest

area cultivated. Ethiopia is also the second largest producer of faba bean in the world

(after China). Common bean and chickpea are also major legumes, with both a

production of more than 200,000metric tongrain. On the world market, Ethiopia ranks

6th in chickpea production, and 14
th

in production of common bean. Among African

countries, Ethiopia is the largest producer of bothchickpea and common bean (ICRISAT,

2011). In total, the area cultivated with legumes is more than 1 million ha. Production per

ha is low and far below the potential production of e.g. 2.9 t/ha for chickpea and 4 t/ha

for commonbean and faba bean (IFPRI,2010; USAID, 2011).
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Grain legumes occupy about 13% of cultivated land in Ethiopia and their contribution to

agricultural value addition is around 10%. Pulses are the thirdlargest export crop of

Ethiopia after coffee and sesame, contributing USD 90 million to export earnings in

2007/08 (IFPRI, 2010). Apart from the legumes presented in above topic, field pea and

grass pea are also important grain legumes. Faba bean and common bean together

account for half of the total area under production of legumes.

The importance ofcommon beanas a source of income, nutrition and its role in food

security at a household level is very high (Simaneet al., 1998). There is a wide range of

common beanseed color classesgrown in Ethiopia including mottled, red, white, tanand

black varieties (Aliet al., 2003). The most commercial varieties are pure red and pure

white colored beans and these are becoming the most commonly grown types with

increasing market demand (Ferris and Kaganzi, 2008).

To support both the growth in domestic and export bean markets, the Ethiopian Institute

of Agricultural Research (EIAR)and Regional Agricultural Research Institutes (RARI)
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ABSTRACT 

Life insurance is a financial product that aims to protect dependents against the risks of premature 

death or disability of the insured party. Although life insurance has a lot of benefits financially, 

socially, and economically various pieces of evidence and literature show that the level of life 

insurance business and its demand in Ethiopia is very low. As a result, this thesis paper focused 

on potential ways of increasing the life insurance demand by investigating the determinants of the 

demand for life insurance in Ethiopia. Specifically, this study aims to investigate the effect of 

savings, growth in per capita income, total population growth, urbanization, political instability, 

and health expenditure to GDP on demand for life insurance in Ethiopia in both the short run and 

long run by using a secondary source of data collected between 1995 and 2019. The study 

employed both descriptive statistics and the Autoregressive distributive lag model (ARDL) to 

compute the characteristics of institutional (political instability), social security (health 

expenditure to GDP), macro-economic (savings and growth in per capita income), and 

demographic (total population growth and urbanization) factors and to identify their effect on 

demand for life insurance respectively. The findings of the study revealed that savings, growth in 

per capita income, total population growth, urbanization, and political instability have a positive 

and significant effect on demand for life insurance in Ethiopia in the long run. Whereas, health 

expenditure to GDP has been found insignificant in the long run. In addition, all variables do not 

affect life insurance demand in the short run except total population growth and political 

instability which has a positive effect. Therefore, the researcher recommends that the government 

and other stakeholders should implement different policy measures to increase per capita income, 

savings, and urbanization to improve life insurance purchases in Ethiopia. In addition, life 

insurance providers should increase their effort to create more awareness and demand regarding 

life insurance to take advantage of the increase in urbanization, total population, and current 

political volatility of Ethiopia. 

KEY WORDS : Life insurance, Autoregressive distributive lag model, political instability, 

urbanization, total population growth 
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