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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 pgen for the majority of peoplén Ethiopia.
Screening and selecting the most promising haricot bean varieties which are high
yielding and adaptable for ra#fed and/or irrigation condition is crucial in
minimizing the risk of maize mono cropping that is widely practiced in Bako Tibe an
its neighboring districts. Tahis end, twenty common beanhé8eolus 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 Coptete Block Design (RCBD) with three replicasohe 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 trait$he analysis of variancalso indicated that the mean
square due to varieties were highly significan€QR5) for all quantitative traits
recorded in the present study. This indicated the possibility to produce heterotic
progeny upon crossing of genetiyatliverse varieties. Correlain analysis indicated

that mostyield and vyield related traiteexhibitedpositive association Fore example

yield per plantwas positively correlated witharvest index(r=0.91)biomass vyiel(t

» 0.802), the number of seedemppod(r=0.549), grain yield peplot (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 maximumsitive 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 gemetadvance were high for the 13
guantitative traits of the tested common bean genotyipes.indicated that selection

of these traits is likely to accumulate more additive genes leading to further
improvement of their performance and these traits may & as selection criterian
common bean breeding prografhe 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 agaitsle crop in

the study areas to improve production level, increase source of cash for farmers and
foreign currency for the country as export cr§ome genotypes like Ramada, Nassir,
Omoe95 and Seefll9 can be recommended for prodoet 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 bea and Heritability.
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1. INTRODUCTION

Common bearfPhaseolus vulgarig. 2n= 2x= 22 originated in Latin America and has

two primarycenters of origin in the Mesoamerican and Andean regions that are easily
distingushed by molecular meanBléir 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 smallesin the legume family at 625 Mbp per haploid genome

Common bean Rhaseolus vulgarisL.) is the third most important food legumes
worldwide next to soybean and peanut (Singh, 198@)ong the pulses (i.e. annual
leguminous food crops that are harvested for dry seeds), the common bean is the most
important crop. The genuBhaseolusis of American origin and comprises over 30
species (Debouck, 1991). Five of them, namlyacutifoliols A. Gray (tepary beanp.
coccineus(runner or scarlet beanp. lunatus(lima, butter or madagascar beaf),
polyanthusGreenman (yedong bean) and. vulgaris (common bean, haricot bean,
navy, French or snap bean) were domesticated (Debouck, 188)1g 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 theoduct 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 igrarequisite 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 éoniagron
and yield components (WirR01])). Heitability act as predictive tool in expressing the

reliability of phenotypic traits and thus high heritability could assist in effective selection



of particular characters and devise future breeding programme of common bean.
Generally, conserving, charadi®@ng genetic resources and developing novel breading
methods or tools are important for improving efficiency of the crop improveAsfaw

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 lee whe
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 ayein the morningFor 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 beanRhaseolus Vulagrit.), locally known as fBoleqe,, 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 lakesontinent (Fikreet al, 2013. 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 UgamAlg, (

1996.

Common bears the most important food, export and cash crop and also the source of
protein for the majority of peoples in Ethiopkafris and Kaganz2008. It is the second
most important grain legume cultivated as cash crop in Ethiopia (CSA, 2011) and is



widely produced in the rift valley area of the countifpr 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 $eople,
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 ainholder 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 wiwannot afford livestock produc{®hilip, 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 Universjt, 2014

Beside supplementation of proteand vitamins beans are also rich in essential
micronutrients that are found only in low amounts in cereals or root crops (B¥ahg
2003). The average composition of micronutrients in common bean per 100g edible
portion isbeing protein 21.4g, carbgptirate 49.7¢, fat 1.6g, dietary fibre 22.@mergy
1218kj, minerals 679.5mg and vitamins 3.64r@m the other hand the essential amino
acids composition per 100g edible portion being lysine 1540mg, methionine 240mg,
phynylanine 1130mg, threonine 860migyptophan 210mg, valine 990mg, leucine 1640
mg and isoleucine 890mgi{assi, 2010.

A symbiotic relationship between a bacterium callRkizobiumand common beans
provide nitrogen to the soil where they are grolegumes the group of plants to which
beans belong, fix atmospheric nitrogen in the soil in associationRhitobiumbacteria
(Kay, 1979).The fixation of atmospheric nitrogen improves the soil nitrogen level
benefiting the crop that are grown thereaftbereby reducing production costBhe
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).



Nodulationand N2 fixation depend on the genotype of the host ptarpbiumstrain,

and their interaction with soiand environmental conditions (Kilassi, 201Q@Jnder
optimized environmental conditions, genetically superior genotypes of common bean that
are noduhted with efficientrhizobiumstrain are able to fix enough N2 tapport grain

yield. Nitrogen derived from biological fixation is 5070 % more efficient than applied

N because only 3050 % of the latter is rewered by plants (Bliss, 1983

The mapr 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 Easterno&i@buthern AfricaKilasi,

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 confugibnother
legumes in some of the data, but is between 1land12millioratensroducecnnually
worldwide, of which 8 million tones are from Latin America and Afr{€4ilip, 2013.

Latin America is the region of greatest production of common beans,segfire
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,irextench
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 aeeragtional 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 growimgEthiopia, thenational average
yield of haricot beans is low ranging fronb@o 0.8 ton per ha whids far below from

the corresponding vyield recorded research sites (2,53 tones hd) using improved



varieties (EPPA, 2004)The yearly average production of commizeans in Ethiopia has
increased steadily up to 11.67 gt/ha (CSA, 2011 2011/12, total &ricot 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 lartdch constitties 2.74% of

the total number of farms in Ethiopia of the grain crop area (CSA, 2014y smalt

scale farmers without irrigation and with little use of agrochemiddls is very low as

compared to the world average ofdat and that of the developeamd 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 of2&394 of

the grain crop area) (Danietal., 2014) Early maturity ananoderate degree of drought
tolerance led the crop,s vital role in farmers, strategies for risk aversion in drouglet pron
lowland areas of the country (Abebeal., 2013) The low national mean yield observed

for haricot bean could be attributed to variaenstraints related to low adoption of
improved agricultural technologies, drought, and lack of improved varieties, poor cultural
practices, disease, and environmental degradation (Legese2006).

Irrigation development in Ethiopia is in its infanstage and not contributing its share to
the growth of the agriculture sector accordingly. But the country has the potential for its
developmenboth 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 andherefore, crop production is predominantly based onfemin

agriculture.

Irrigated agriculture isbeing practiced under smallholders, medium and large scale
farming. The smalscale irrigationschemes are understood to include traditional and
modern communal schemes up to 200(K&MD, 2011. However, ftraditional, spate
irrigation and even some modern irrigation schemaes also being managed by
smallholders as part afmallscale irrigation schemes, whereas #nea is quite larger
than indicated above. This has been confirmed by some studies carried IS\Mby

(2011)which showed that some schemes have the capacity of over 2000 ha that are being



managedy smallholders. Traditionally, farmers have built snsalale schemes on their
own initiative, but sometimes with some technical and material support from the

government and other developmeuntors.

According to a study conducted by OESO (20@bBgre is 17 million hectares of land
suitablefor surface irrigation in the @mia 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 idiggted 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 ibeing practiced. However, there was no adequate study
which analysed the grain performance (Rygelding and higkquality) of improved
haricot bean varieties under smadlale irrigation andystematic attempts have not been
made on the collection of iafmation on genotypes with reference to quantitative traits

under irrigated conditiom the study area

In the study aredhe 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
notan 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 reseandnter for raifed andor irrigated agricultiral conditions.

The area suitable for haricot bean production in the study area under irrigation is around
484.04 hetare. Hbwever, 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 Agriculturedowy. Its adaptation to the area
where it is cultivated is optimal to marginal, which depends on the environmental

conditionsin eachpeasant association



In the study area, haricot beanpoduced by smakcale farmer®nly under rain fed
condition. Smaltscale farmers refer to two groups of farmers: 1) those who produce
haricot bean only for their subsistence and, 2) those who deltiveans for their
subsistence but who may also produce an excess for the market. Both groups of farmers
are common in Bakdistrict It is a well established agricultural component or product in

the stidy area and it is among theost important food legues such as soya bean, field

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

bureau).

The wide rangef growth habits of haricot bean amathg differentvarieties has enabled

the crop to fit many growing situatisrfKristinet 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 courtbglbeetal., 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 matkkegume intercropping and rotation crdpr maiz
continuous croppingScreening 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 Bake dital the
neighboring districts.

Horizontal increase (expansion of new farm lands) to increase crop production is over
exploited to the limit and thusnereasing the productivitper unit areeof the shortly
maturing and widely adapted puls®ps subh as common begmresents an opportunity in
reversing poverty and food insecuriparticularly in the rift valley regions where the
rainfall duration is very shortCommon bean productioalso depends on applied ;2N
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 c¢8cquaah, 2012)



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-8akaban
Africa (Philip, 2013. Besides, the crop can fix fregmospheric nitrogem 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 nitrog&ation. 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 addiinal biomass, which can be used for fodder or for mulching or for green
manuring without any significant grain yield reduction of haricot be@osimon bean is

also the most preferred pulse crops for intercropping, crop rotation or egeiringto
restore soil structures and fertility, and increase land equivalent ration (kigtion can
therefore be used as an alternative N source, particularly under low input production
system for resource limited small scale common bean prodiical® serves as a break
crop in Maizebased andther cropsbased farming systems to reduce decline in soil

fertility .

Yield is the principalparameterin the improvement of ay crop. Like other legumes,
seed yield in common bean is a quantitative charautdrinfluenced by a number of
yield contributing traits. Improvedommon bearproduction involves use of different
agronomic practices such as improved variety, seed rate, spacing, fertilizerigeteon
practicesand pesticide applicatigrat the reommended 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 basgdld 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 traifdienhuis and Singh, 1986).

Improving the yielding potential and related desirable trait is the main objective of



common bean breeding program. The efficiency of breeding program increases by careful
choice of parents capable of producidgeterotic progery 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 ang.cro

Yield is the principal factor for determining improvement of a crop. Like other legumes,
seed yield in common bearPl{aseolus vulgarid..) is a quantitative character and
influenced by a number of yield contributing traits. Improved haricot bean gfodu
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 extetidio 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 sgstém is one

of the most effective means of meeting the Millennium Development Goals (¥bahs
2008).Therefore, it is needed to identify the genetic variation and grain yield potential of
the existing improved haricot bean varieties under both rdiare irrigated condition in

Ethiopia.

The selection or evaluation of desirable genotypes should therefore also be based on yield
as well as on other yield componebtsth in rainfed and irrigated conditiodNumber of

pods per plant, number of seeds ped, and mean seed weiglre the three major yield
related traitgNienhuis and Singh, 1986)Improving the yielding potential and related
desirable trait is the main objective afmomon bearbreeding program. The efficiency of
breeding program increasby careful choice oparentscapable of producingeterotic
progeny with desirable trait commations (Angelaet al, 2002); Cristina et al,(2002).
Information on mutual association between grain yield and yield components is necessary

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



Generally, to achieve significant progress in breedirugams, it is essential to know
the relationship between grain yield and its components both under rain fed and irrigation
condition Win, 2011). Therefore, thenainaim of this study wato evaluateand identify

the best performingommon beararietiesunderirrigated condition in the study area

1.1 Objectives

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 variabiligmong the released commoean varieties under
irrigated condition and identify promising varieties for further dieg and production

activities,

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

...To determine thassociatiorbetween grain yield and yield related components
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2. Literature Review

2.1 The common bean crop, origin, evolution and distribution

Common bear(Phaseolus vulgarid..) belongs to order Rosales, famileguminosae
subfamilyPapilionideag tribe PhaseolinagCIAT, 1986). Common bean was originated

in Tropical America (Mexico, Guatemakand Peru), but there are also evidences for its
multiple domestication within Centrémerica (Kay, 197). 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 5001500 mmwith optimum temperature range of 1§22 °C, and

a frost free period of 105 to 120 days. Moreover, it performs best on deep, friable and
well aeatedsoil types with optimum pH range of 6.0 to 6.8 (Kay, 19T®)Ethiopia the
major common bearproducing egions 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 genegb@oimmon bean

is the result of evolution under both natural conditions (i.e., prior to domestication) and
cultivation. Before domestication, wilthaseolus vulgaribadalready diverged into two
major gene pools, each with its characteristaosd geographal 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 K{&aepts 1998).

These two wild gene pools can be distinguished at the morphological (Gepts an
Dubouck, 1995 and molecular levelRaschianiet al, 2009. They also separated by
incomplete reproductive isolation, which lead to F1 lethality in some, but not@dkes
(Koinange and Gepts, 199@ he 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 sdaseolusvulgaris could

eventually split into two geographibaisolated species (Gepts, 1998 owever, many
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crops have been marked by a progressive reduction in genetic di&sjtys, 1998),

and common bean is no exception.

2.1.1 Origin, domestication and distribution .

The genudPhaseolud.. includes numerous wild and cultivated species that originated in
the New World, the exact number is still unknown (Debouck, 19%89seolusvulgaris

L. is the most widely cultivated species owing to its high nutritional vdlbere 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 hogipab

traits (Singh, 1989; Singlet al, 1991), phaseolinseed protein (Geptst al, 1986),
isozymes (Gepts, 1989), and molecular markers (Freyral, 1996 ;Tohmeet al,

1996). A third, genetically unique gene pool was later described indtieern Andes
(Debouck, 1999 Tohmeet 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 (Brouggitah, 20@). 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 Bitocehal., (2011) identifies the

origin of Phaseolusyulgarisas Mesoamerican.

The first domestation of Phaseolusvulgaris 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 Kamet al,, (1995) suggested that, starting from the core area of the
western slopesf 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 beathen spread to Europe and Africa (Geptsal, 1986, 1988).The
common bean was taken to Africa and other parts of the world by Spaniards and the
Portuguese (Ranket al, 2010)
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2.1.2Morphology and Botany

Common bean Rhaseolus vulgarid.), also referred to as dry bean, is an annual
leguminous plant that belongs to the genBéiaseolus with pinnately compound
trifoliate large leaves (Katunget al, 2009). It is cultivated on all continents except
Antarctica, under very diverse cultivati conditions (Chaco, 2005).

Common beansilargely a seHpollinated plant though crogmllination does occur if the
stigma is exposed to foreign pollen. Seeds are andospermic and vary greatly in size
and colour from the small black wild type teetlarge white, brown, red, black or mottled
seeds of cultivars, which arel8 mm long Acquaah, 201p

Common bean shows variation in growth habits from determinate bush to indeterminate,
extreme climbing types. The bushy type bean is the most predotmiype grown in
Africa (Buruchara, 2007).. Bush varieties form erect bushg6@®6m tall, while pole or
running varieties fornvinesv2 3 m long. All varieties bear alternate, green or purple
leaves,divided into three oval, smootdged leaflets, each, 85 cm long and ,3L1 cm

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

cm long, 1 1.5 cm wide, greenyellow, black or purple in colp each containing,®6
beans. The beans are smooth, plump, lidneyshaped, up to 1.5 cm long, gmwidely

in color, and are dén mottled in two or more cal®(Acquaah, 2012)

The leavesare broad at thbladeand are attached to the stem by means of a-litalk
petiole The leaf may be simple (have onlyeoblade per petiole) or compound (usually
three blades per petiole). There may be $imopleleavesor onecompoundeaf attached

at a spot on the stem callednade The veins of each leaf blade are arrangedo a
complicated network. Where the stem aaaf join, there is a swollen area of thetiole
that is responsible for leaf movements. At night the bean leavesofpdther and down
toward the soil; at dawn the leaves unfold and are lifted into théRamaet al, 2010).

Two special leaves mastill be attached to your bean plant. These aredttyedonsor

seed leaves. These leaves are very fleshy and are used by the plant $tastbrand
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other complex molecules in the seed for the later nourishment of the grplaimg On
your plant, thecotyledons may be withering due to loss of starch and may thaved
green to help produce more nutrients through photosynthesis. The cotyledohsveay
been completely used up and abscised (fallen off). The portion of the stem thelow

cotyledons is alled thehypocotyls (Buruchara, 2007)

The bearstemis quite long and thmternodedetween leaf attachmentsodes are quite
obvious. The lowest portion of the stem is below the cotyledons and is called the
hypocotyl The stem terminates at the tdptlee plant in theapicalbud Lateralbudsare
found in the axils of each leaf just above the node. This bean plant is a "bush" thatiety
has shorter stems than the wiijghe "pole" beans. The stem tips of pole beans greny
rapidly in a twistingmanner and "whip around" at several cycles per day. Whestehe
touches an object, changes in fr@duction of plant hormones cause the stenwist
tightly around and grow up the object. This twining habit is called circumnutatidns
common amongines like pole beans. How did we get bush beans from wildljezas?
They resulted from a plant with a chance mutation in a gene coding for ehptamine
involved with stem growth. They cannot produce enough gibberellic aciextensive
stem growtl{ Koning, 1994).

Koning (19949 therootsof the bean plant are mostly fibrous, although a single main root
(thetaproo) is larger than the others. The taproot forms many lteralrootsthat make

up the bulk ofthe mineral absorption area. Some plats 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 speciessé 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), {@ 40 days) and reproductive (RA0(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. Thesfipod 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 maistem is followed, which is readily discernible on both determinate
and indeterminate plants. A trifoliolate is counted when it is fully unfolded (Kandel,
2010).

2.2Importance of Common Beans in GlobalAgriculture.

Common bean is the worldfs mosportant 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 biligqRao, 2001). The leading bean producer and
consumer is Latin America, where beans are an important tradifmod, especially in
Brazil, Mexico, the Andean Zone, Central America, and the Caribbean. In Africa, beans
are grown mainly for subsistence, where @reatLakesregion has the highest per capita
consumption in the world. Beans are a major source of dietary protein in Kenya,
Tanzania Malawi, Uganda, and Zambia (CIAR014). It is also an excellent lovat
source of complex carbohydrates, fibrelate, potassium and B vitamins also serves

as a break crop in Maizesed and ricebased farming systems to reduce decline in soll
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 souecergly and
provides folic acid, dietary fibore and complex carbohydraislip, 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 goniis 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 (Cengactura, and Ciat, 1999). The

cost of common bean is low as compared to meat products thus its high consumption in
Africa. Beyond promoting foqgchealth and nutritional securijtypeans provide a steady

and lucrative source of income for many runaluséolds, with the value of bean sales
exceethg US $ 500 million annuallyHAO, 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 whictkedey

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 iscabieréase

their productivity. The yield of common bean in Eastern and Southern African ranges
from 0.60 to 0.80 ton ha though the potential yield of some improved varieties can go
up to 2.00 ton h& (Philip, 2013).

2.22 Common bean Production andts 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 chickpare also major legumes, with both a

production of more than 200,0@0etric tongrain. On the world market, Ethiopia ranks

6" in chickpea production, and t}1L4n production of common bean. Among African
countries, Ethiopia is the largest producer of ldtitkpea 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 (IFPRQ1Q USAID, 2011).
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Grain legumes occupy about 13% of cultivated land in Ethiopia and their contribution to
agricultural value addition israund 10%. Pulses are the thil@rgest export crop of
Ethiopia after coffee and sesame, contributing USD 90 miltw export arnings in
2007/08 (IFPRI, 2010 Apart from the legumes presented in above topic, field pea and
grass pea ar also important grain legumegaba bean and common bean together

account for half of the total area under production of legumes

The importance oEommon bearas a source of income, nutrition and its role in food
security at a household level is very high (Simanal, 1998). There is a wide range of
common beaseed color classegown in Ethiopia including mottled, red, whitanand

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 (EIARand Regional Agricultural Research Institutes (RARI)
has developed a range of high yielding, mdiease resistant bean varieties @lal.,

2003). The focus of this genetic improvement program has been on the pure red and
white beans to support the commercial sector ghlal., 2003). Within the red bean
types, the most favored and most commercially accepted varieties include Red Mel
mottled medium sized red; Red Wolaita, a medium sized pure light red; and Nasser, a
small pure dark red varietAlemayehu, 2014)With regard to economic importance of
common beanit is used as source of foreign currency, food crop, means of emghby
source of cash and plays great role in the farming system (CSA, 2D@&)g 2000,

2001 and 2002Ethiopia exported 23994.4, 32932.7 and 42127.0 tones and earning 8.2,
9.98 and 13.2 million USDrespectively (EPPA 2004)

The main destinatiomarkets were Pakistan, Germany, Yemenitédl Kingdom South
Africa, India and Mexicp having 12.5, 7.8, 6.9, 5.79, 4, 4, 4 % shasspectively
(EPPA 2004). The country's exports cbmmon beas have increased over the last few
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years, from 58,126 ktric Tons in 2005 to 78,271 Mtric Tonsin 2007 and Ethiopia gets

63 million dollar fromcommon beamarket in 2005 (Legessetal., 2006).

Common bearproduction is very heterogeneous in terms of ecology, cropping system
and yield. It predominantly grows fmo low land (3001100 mas.l.) to mid highland

areas (140000 mas.l.) of the country. The national average yielccommon beasiis
0.5-0.8ton ha'. The estimated mean yield/ha@mmon bean in the study area i640.

ton ha' (IPMS, 2005). Majority of the smallholder farmers do not use fertilizer and use
local seed instead of improved seeds for plant@mmmon beans harvested by hand,
heaped and sun dried for a week and then threshed by beating the dried vines with sticks

or by chasing oxen on threshing floor.

White beans from the northern Rift Valley were sold into export markets to supply
European canning factories and red beans were exported from the southern Rift Valley
areas to supply drought affected areas in nortKemya (Ferris and Robbins, 2004). The
major storage and trading sites in the southern Rift Valley area are concentrated in the
towns of SodoHawassaand Shashemene while the major collection centers for white
beans being in Nazareth, prior to exportatibnough Djibouti (Ferris and Kaganzi,
2008).There are good prospects that this market will grow as consumers in industrialized
countries seek evermore competitive suppliers (Ferris and Kaganzi, 2008). For the major
processing companies, Ethiopia is a tiey new source of supply and recent
investments by a number of international companies from Italy, UK and Turkey

indicaing that marké prospects are good (CIAT, 2013

2.3Climate requirements andadaptation

Common bean is adapted to deep well drdjrsandy loam, sandy clay loam or clay loam
soils with clay content of between 15 and 35% with no nutrient deficiencies (Thung and
Rao, 1999). The optimum soil pH range is pH 4%0 (CaCl2). Heavy clay soils with

poor oxygenation and capping clay saads not suitable. Thus, it will not grow well in

soils that are compacted, too alkaline or poorly drained (Lunze, 2001). The common bean

thrives well in a warm climate. It grows optimally at temperatures of 18 to 24 °C. The
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maximum temperature during fl@sing should not exceed 30 °C. High temperatures
during the flowering stage lead to abscission of flowers and a low pod set, resulting in
yield loss. Day temperatures below 20 °C will delay maturity and cause empty mature
pods to develop. Cultivated undeainfed conditions, the crop requires moderate
amounts of rainfall (309, 600 mm) but adequate amounts are essential during and
immediately after the flowering stage (Katurgial, 2009). Generally, comon bean is
considered a shosieason crop witmost 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

elevatons (Gomez2004).

In Africa, common bean crop cultivation is concentrated at altitude above 1000 metres
above sea level, with adequate amounts of precipitation (> 400 mm of rain) during crop

growing season and soil pH above.5.5

2.4Phosphorus and Nitrogen fertilizers on common b&n production

Application of fertilizer in a recommended amount is essential for high yield and quality
of grains (Morgado, 2003). The use of fertilizer is considered to be one of the most
important factors to increase crop yield per unit aH@wever the response to the type
and rateof fertilizer application variesvidely with location, climate and soil type (Khan

et al., 2003 Marshner, 2002). Nitrogen deficiency occurs almost everywhere unless
nitrogen is applied as a fertilizer or manure (Des®88). It has been reported that there

was increased yield responses of pulse for nitrogen fertilizer (Morgado, 2003).

2.4.1 Phosphorus (P) use efficiency of Common bean

Phosphorus is a critical nutrient element for plant grosutice it is involved in deular

energy transfer, respiration and photosynthesis. Phosphorus is also a structural
component of the nucleic acids of genes and chromosomes and of many coenzymes,
phosphe proteins and phospHids. Plants need P throughout their life cycle busimo
importantly during early growth stages for cell divisigtavlin et al.,1999).
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Phosphoruss among the principal nutrient elements needed for growth of many legumes
in arid and semi arid agriculture regions due to low available P in the soils and
advantageous effects of(Rathju et al, 1987 Frizzone 1982) Amosetal. (1998 1999)

also indcated that P application is key to enhance bean yielthiwner,sfield in their

study on the low fertile Orthic Acrisols of western Kenya. The researchers also indicated
that P significantly enhanced the establishment of beans, number of pods pearmlant,
the bean grain yields. Similarly, Dadson and Acquaah (1984) also reported that the
formation of nodes and pods was promoted with the application of P in P deficient soil.
Thus, P application from external sources/fertilizers/ becomes very essentialato

optimum yield.

2.51rrigation and its advantage in Ethiopia

Water scarcity became a commpimenomenon in Ethiopia with drouginequency of at
least once in three yeanile the country owns a large irrigatipotential that should be
exploited sustainably. Various national aniiternational institutions are currently
engaged in developing small scale irrigatischemes for poverty alleviatiorA
monitoring and evaluation exercise wasnducted in 2004 and in 2006 in four
administrative regions foEthiopia, namelyTigray, Southern regions, Oromia and
Amhara, to assess the benefits asbociated environmental effects shall scale
irrigation investments of the International Fund #gricultural Development (IFAD).
Inefficient water management the rainrfed agriculture coupled with accelerated land
degradation plays an important role aggravating the recurrent food insecuritytine
country(NRMD, 2011)

In the recent years, drougbdcame a common phenomenon, happeimragy part of the
country at any time of thgear, with a frequency of at least oncetlimee years. Four
different drought scenariosvere identified in the mixed crepestock systems of
Ethiopia namely, terminalrought, intermittent drought, foreseeatiteught and defie

drought (Amedeegt al., 2004). In situations where agriculturgroduction is operating
under these varioudrought scenarios, with annual rain falriability of 40 to 50%,
supplementaryirrigation became a necessity for foqumoduction, particularlyfor
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intensifying systems through high yielding and inpsponsive varieties and breeds.
Currently, the growth in food production in Ethiopia imarily due to expansion of

agriculturalland while production per unit of investmestmainedstagnant

Onthe other hand, Ethiopia owns a wide range of irrigation opportunities with about 9.85
million ha of potentially irrigable arable land, while only 3 to 5% of the potential is
currently under irrigationYalew etal., 201) accounting for approximately Zpcent of

total food crop productiarCurrent yield from raiffed land is only about 50% of the
irrigated land, given all other inputs remain the same, thanks to the recurrent drought and
limited adoption of water management practices. If the country &cheeve its stated
aims of food selsufficiency and food security, the current production shortfalls call for
drastic measures to improve production efficiency of both irrigated andfedin
agriculture. In response, the governmehtthiopia asstatedin its Poverty Reduction
Strategy Paper (PRSP) emphasized the importanceingproved water resource
development ands utilization to achieve food securitiirough enhanced use of small
scaleirrigation. Since the early 1990s, the fedesad regional geernments of Ethiopia,

with financial assistance from donors, have batempting to upgrade traditional small
scaleschemes, built small scale dams, diversiand water harvesting ponds to respond

to these environmental calamitiégéalewet al, 2011)

However, the performance of the irrigation systerhas been poor. There exists a
substantialield gap in irrigated farms betweachievable and actual yield both in terms
of yield per unit of land but also yield per unitwater depletedlhe positive effect was
more visible with horticultural crops. There hdmen also a shift towards improved
varietieswith access to irrigation. Farmers replacestly maturing but low yielding
varieties with high yielding varieties. Crogliversification increased significantly, in
some sites from three to about 15 spe@étbpugh this decision making process dat

favour legumegYalewetal., 201).

To mitigate the effect of drought several strategies can be employed including irrigation

and drought tolerant varieties. Drought tolerant varieties are not a viable option for most
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small scale farmers due to the cost factors, while the use of irrigatéopreferred option
(Kilasi, 2010).The main advantage of irrigatias that it maximizes theroductivity of
water. Although a certain reduction in yield abserved, the quality of the yield (e.qg.
sugar content, grain sizégnds to be equal or even sujpr to rainfed (Zhanget al,
2006; Spreeret al., 2007 .

2.6Improved Common bean Varieties

Farmers in Eastern and Central Africa grow bean cultivars of wide range of seed types,
often in phenotypically diverse mixtures. The genetic diversitgxpected to give
stability to bean production, buffering it against biotic and abiotic stresses. But, as higher
yielding varieties become available, traditional cultivars are lost with a resultant decline
in genetic diversity. Frequently, breeders haveesdvpromising lines of similar seed
type and face the choice of either releasing and promoting only thevdmasty (S)

(CIAT, 2011).

The choice of one technology andfaractice over others is greatly influenced by the
balance between its positive amgkgative characteristiciNGIA, 2010. Any new
technology presented to farmers will either improve or substitute for the techmblogic
options they currently havét is fundamental to identify these options and understand
perceptions about the advantagesl disadvantages of each miieghem. Theesearchers

are be able to assess the appropriateness of potential new technologies or practices,
evaluate the likelihood that they will be adopted, and if necessary modify them to suit
farmers, needs bett¢fable 1)
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Tablel List of improved Haricot bean varieties and their characteri@@afO, 2017).

Type
Releaseq Ex

Variety name | year port | Domestic| Both | Recommended Agrodelogy

In all haricot beamproduction
Awash Melka | 1998 T area
Mexican 142 T In all areas

In all haricot bean productio
Gofta 1990 T t area
Fedis 1998 T Southern rift valley
KatB-9 ** T o
Seerl25 o t o
Hawasa dume | 2001 T Southern Ethiopia

In all haricot bean productio
Nasir 2003 t area

In all haricot bean productio
Dinkenesh 2003 t area
Gebisa

T In all areas

Ibado 2003 T Southern Ethiopia
Loko 2003 t Southern Ethiopia
KatB-1 t In all area
Durstu T Southern Ethiopia

In all haricot bean productio
Deme 2008 t area
Ramada o o o o
Waju ** ** ** o
Haramaya 2006 food | Export In cold area of Harer
Omo-95 2003 food South rift valley

** =Not accessed by this study
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2.7 Heritability, genetic advance and association of major quantitative traits

Heritability interests plant breeders primarily as a measure of the value of selection for a
particular character in various types of progenies and as an index of transnyis#ibilit

the percentage is high, the character is heritable but if it is small, the environment is
correspondingly prominent in the character expression (Hatyals 1955). Allard (1960)
indicated that the heritability values for quantitative traits are noanly due to their
sensitivity to environmental factors. Moreover, heritability should be used along with
genetic advance in predicting the efficiency of selection. High heritability values could be
obtained with genotypes having small or large geneticamce but genetic progress

would be larger witharger genotypic variance (Allard, 1960).

High heritability associated with high genetic advance is chiefly due to the additive gene
effect but if heritability is mainly due to dominance and epistasisyehetic gain would

be low (Panes, 1957). In general, genetic variability, heritability and genetic advance are
prerequisites for a breeding program and provide opportunities to breeder to select high
yielding genotypes or to combine or transfer gersanlgy desirable traits (Philjj2013.
Pandey and Tiwari (1983) indicated the importance of estimating heritability to know the
inheritance of quantitative traits as it indicates the genetic gains that may be achieved

through selection.

Acquaah (2012peedyield is an important and priority trait for plant breeders and other
crop researchers. However, seed yield is a complex character and is considered the
ultimate product of its components. Hence, selection of superior genotypes based on
grain yield is diffcult due to the integrated structure of a plant in which most of the
characters are interrelated and being governed by a larger number of genes. This
necessitates a thorough knowledge on the nature of the relationship prevalent between the

contributory claracters and grain yield and the extent of genetic variability.
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2.8 Agronomic Practices on Common bean Production

Improved agronomic practices are used to increase crop yield and are recommended by
researchers after testing on the research field landca farmer field.

Seeding rate

Ethiopian farmers, in general, use lower seed rate than research recommendations which
result in lower grain yields (Aket al, 2003). The seed yield of bean is the result of many
plant growth processes which ultimateigfluence the yield components such as
pods/plant, seeds/pod, and unit weight of seed. The highest seed yields were obtained
when all the above got maximizé€bessbeet d., 2004).

The spatial distribution of plants in a crop community is an importatgrmeant of

yield (Egli, 1988) and many experiments have been conducted to determine the spacing
between rows and between plants that maximizes yield. Two general concepts are
frequently used to explain the relationship between row, spacing, plant dansityield.

First, maximum vyield could be obtained only if the plant community produced enough
leaf area to provide maximum light interception during reproductive growth (Tefsbo

al., 2004). Secondly, equidistant spacing between plants affected intecplapetition
(Pendleton and Hartwing, 1973). Hence, it will be very important to adjust the spatial

distribution of the recommended population in order to have maximum yield.

To avoid nutrient competition sufficient spacing between plants and rows is vital to get
maximum vyield in a given plot of land. Appropriate spacing enables the farmer to keep
appropriate plant population in his field. Hence, a farmer can avoid over and les
population in a given plot of land which has negative effect on yield.

Harvesting

Timely harvest is important to reduce mold, bird and insect damage and also to decrease

losses due to shattering and wet weather ¢A&l, 2003). Crops may be harvedtwhen
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they are physiologically mature. Common bean is harvested when the foliage of the crop

is turned to yellow and before starting shattering (Setegne and Leggese, 2003).

2.9 Evaluation of Improved Crop Varieties by Farmers

Farmers' criteria vary ga#ly between households, depending on the productive resources
controlled by the household. However, the criteria also vary within a household. Farmers
identify and select the type of crops most likely to do well in their areas and selection is
normally peceded by extensive discussions both within the farm family and with
neighbors Getinet et al, 2001). Characteristics of the varieties play a vital role in
adoption of improved crop varietieBccordingly, if the characteristics of the varieties
satisfy the need and interest of the farmers they eventually adopt thewetp crop
varieties (Gebrd&gziabeheet al, 2014. Farmers, technology evaluation criteria include
growth habit, yield, color of grain, ease of threshing main uses in the diet, storage,
gualities, marketability (Farrington and Martin, 1988), cost, ease of sale, desirability for
home consumption, compatibility with existing practices, taste, nutritional value, cooking
qudity and resistance to pest (Abebieal., 2013).

The choice of one technologyactice over others is greatly influenced by the balance
between its positive and negative chéeastics (Daniekt al, 2014). Depending on the
preferences, resources, and constraints that individual farmers face, a iblenefic
characteristic for one farmer may be a negative one for another, or the balance between
positive and negative traits may be acceptable for one farmer but not for another
(Bunderset al, 1996). Any new technology presented to farmers will either ingpoov
substitute for the technological options they currently have. It is fundamental to identify
these options and understand perceptions about the advantages and disadvantages of each
one then will researchers be able to assess the appropriateness riialpoiew
technologies or practices, evaluate the likelihood that they will be adopted, and if

necessary modify them to suit fammaeneeds better (Acquaa?Q12).
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2.10 Overview of Technology Adoption

Adoption is a mental process through which an individual passes from first knowledge of
an innovation to the decision to adopt or reject and to confirmation of this de(@®agn
2001)

According to Fedeet al. (1985) adoption refers to the decision to use a new technology,
method, practice, etc by a farmer or consurk@bereet al, (2006 indicate that the
decision to adopt an innovation is not normally a single instantaneous act, it involves a
process. The agption is a decisiomaking process, in which an individual goes through

a number of mental stages before making a final decision to adopt an innovation.

Decisionmaking process is the process through which an individual passes from first
knowledge of a innovation, to forming an attitude toward an innovation, to a decision to
adopt or reject, to implementation of new idea, and to confirmation of the decision (Ray,
2001). Hovever, as emphasized by Delmer (20Goption does not necessarily follow

the siggested stages from awareness to adoption; trial may not always be practiced by
farmers to adopt new technology. Farmers may adopt the new technology by passing the
trial stage. In some cases, particularly with environmental innovations, farmers may hold
awareness and knowledge but because of other factors affecting the decision making
process, adoption does not occur (FAO, 2D1
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3. Materials and Methods

3.1 Description of the Study Area

The experiment was conducted at Bako on model fafi@erunder irrigated conditions

in 2014/2015Bako Tibe district is located about 251 and 125 km west of Addis Ababa
and Ambo, respectively. The total area of the district is about 644.84ridnthe total
population size was estimated 65,208n and 6821 women of totally 133,5848ako is
located at 3%09tE and #16tN and an altitude of 650m.a.sThe major agroecological

zone of the study area is humid to gubmid with unimodal rain fall characteristic¥he

mean annual rain fall is 1217 mm. Itsha warm humid climate with mean minimum,
maximum and average temperature of’C4 28°C and 21°C, respectively. The soil is
nitosol specifically clay loam soil. This location was purposely selected as it is among the

potential areas for both irrigati@and common bean production.

Figure 1 Map of the study aredBakoTibe Woreda Land Use Management and
Environmental Protection office)
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3.2 Experimental/Plant Materials

Twenty improved common bean varieties which were reledsgedthe different
Agricultural Research Centers such as Awasa, Bako, Haramaya and Melkad®7®m
to 2009 were used (Appendi¥. 1

3.3 Experimental Desigis and Treatmentarrangements

The experiment was arranged in Randomized Complete Block Design (RCBD) with three
replications. Each plot consisted of three rows of 1.8 m long and 0.4m between rows. The

spacing between plants within row was 10cm.

3.4Phenological and growth parametesrecorded

Tenindividual plants were selected randomly per plot, marked before flowering and used
as samples for the measurable quantitative traits. The following parameters were recorded
following common bean descriptors

Date of emergence (DE)It wasrecorded when 50% of plants in the plots emerged, and
will be used to calculate days to flowering and days to maturity. It is the data at which
about 50% of the seedling expected from the plot have emerged outgobtimel or
become visible above the @und.

Days to 50 % flowering (DF) it wasrecorded ashie number of days from plantintp
the time when 50% of the plants in the plots started flowering( in case of dry sowing) or
it is the number of from sowing (if sowing is done when the soil is wetigh to initiate

germination).

Days to 95 % maturity (DM): days to physiological maturity was recorded when 95%
of the plants in a plot turns their leaves to yellow. It is the number of days from day of
sowing to day of 95 % physiological maturity.

Plant height (PH) (cm): was measured from above ground to top of apex once at

physiological maturity on ten randomly selected sample plants.
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Number of seeds per pod (SPP) it is the number of seed in each pod. It was
determined by dividing the total number of seeds ftemsampled plants by the total

number of pods.

Number of mature pods per plant PPP) It is the average numbef effective pods on
a plant.It was de¢rmined as the average number of villkd pods often randomly

taken plats divided by the plant sampled

Seed yield per plant (§ (SYPP): Recorded as the averagaghtof seeds obtained from

ten sampled plants divided by the number of sample plants.

Pod filling period: Calculated as the number of days from flowering to physiological

maturity (days to maturity minus days to flowering).

Harvest Index: Calculated as:

_ Grainyield
BiomassYikl

HI o x100WhereHI is harvest Index, GY is grain yield per plot and BY

is biomass vyield per plot.

100-seed weight (g) (HSW):Recorded as the weight of 100 seeds of a variety after it

was dried to optimum level storage moisture.

Biomass yield (BM): was measured from net plot by harvesting close to ground level
and kept separately; sun dried to a constant weight and then tied in to small bundle and

weighted.

Grain yield/plot (g) (GY/PLOT): This was recorded byeighing seeds obtained from
the net plot area after sun drying for one week. The data was used to calculate seed yield

per hectare
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3.5Data analysis

3.5.1 Analysis of variance

Data collected for all quantitative characters were subjected to analysis of variance
(ANOVA) usingGeneral Linear Model of the SAS statistical packE&®S, 2012. Least
Significant Difference Test (LSD) at 5% and 1% level of significames used and

treatment means weseparated bifpuncan,s multiple range test

3.5.2 Cluster analysis

Hierarchal clustering of the average linkage method with squared Euclidian distance was
performed usindMINITAB14 (MINITAB, 2003). It is used forsmall varieties tedi.e., less than

30). Data for all quantitative traits were standardized to mean of zero and variance of one before
clustering to avoid any bias that may have arisen due to differences in measuremerntiseales.
distances between cless were calculated usitige average linkage method of squared Euclidian

distance.
3.5.3 Principal component analysis (PCA)

Principal component analysis for standardized quantitative traits was compuisthgy
MINITAB14 (MINITAB, 2003) software to identify the most important traits
contributing to the total variations observed among the accessions, countries/regions of
origin and altitude classes. As suggested by Johnson and Wichern (1988), principal

components witleigenvaluegvariancegreater than one were considered.

3.5.4 Estimation of correlation coefficient

The Pearson,s correlation coefficients between all possible pairs of quantitative traits
were tested for their significance usiB8§S software (SAS, 20)2
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3.5.5 Phenotypicand Genotypic coefficient of variation

The variability of each quantitative trait was estimated by simple statistical measures such as
mean, range, phenotypic and genotypic variances and coefficient of variation. Phenotypic
coefficient of variation PCV) andGenotypic coefficient of variationGCV) values below 10%,
10%20% and above 20% were considered to be low, intermediate and high, respectively
(Khorgadeet al., 1985). The phenotypic and genotypic variation and coefficient of variations
were calculted following the formula suggested by Singh and Chaundhary (1985) and Allard
(1960) as follows;

p= gt % where, %,= phenotypic variance,
“zg= genotypic variance and
~2, = environmental variance
~2,= (MSy, MS)/r  where, M§= mean square of genotype,
MSe = mean square of error and

r = number of replications

pcy =4

—— x 100 where, PCV = phenotypic coefficient of variation,

X
“2,;,: phenotypic variance and
X = population mean for the trait considered
d 2
GCV = ?g x 100 where, GCV = genotypic coefficient of variation,
X

~2,%genotypic variance and
X = population mean for the trait considered

3.5.6 Estimate of Broad sense heritability

Broad sense heritability was estimated according to the suggestion of Allard (1960) by
dividing genotypic variaces by phenotypic variance: HSZ4(%,) x 100, where %; -
genotypic variance andsz: phenotypic variance. Expected genetic advance under
selection assuming a selection intensity of 5% was computed following the formula
developed by Allard (1960) as:
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GA =(K) ("p) (H», where GA = expected genetic advance
K= selection differential that varies depending up on the selection
intensityand standst&2.056 for selecting 5% of thlgenotypes.
" p = phenotypic standard deviation and

H?= heritability (in broad sense)

Genetic advance as percent of mean (GA as % mea%fi I x 100%: where,
X

GA= geneticadvance and
X = population mean for the trait considered

3.5.7 Estimation Shannorweavers diversity index (H€) for qualitative traits

Genetic diversity indexvas estimated to measure the diversityfioe qualitativetraits
such as seed colmseed shape, seed size, flower color and pod color emaptoyed in
this study. The amount of genetic variatisras determined using Shanneveaver

diversity index(Shannon antlVeaver, 1949
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4. Result and Discussion
4.1 Mean, range and standarddeviation for quantitative characters

Mean, range and standard deviatifon agronomic traits are widely used to deterenin
variations between varietie$he mean, minimum, maximum, range, deviation from the
mean and standard error of mean for 20 rele&seidot bean varieties are presenited
Table 2.

As can be seen from table 2, wider ranges of variation were observed between the tested
common bean varieties for most of quantitative traits. Days to flowerimgedafrom 37

(for variety Gofta) to 50 (foDeme). Common bean variety Nassias earlymaturing

(83 days), but Demwmok the highest number of days to mature (109). The higtest

height recorded foWaju (172cn) andthe lowest for KatBL(46.3cm).Pod per plan

ranged from 10.93 for Heasadumeto 33.07 for Dinkinesh

Extremely wider range of variation was noted for grain yield per hect@&kg to 5767
kg). Of all tested common bean varieties, the highest grain yield per h€ei&2 kg)
was noted forRamadareleased fromMelkasa Agricultural Research Center, but the

lowest (772 kg) foHawassa dumeeleased fronHawasaAgricultural Research Center

The descriptive analysis for major quantitative traits showed the existence of wide range
of variation among the released commoarbearieties. The wide range in the extreme
values of each of the traits studied offers broad opportunities for further utilization in the
breeding program to develop varieties suitable for different-agotogies of the country

and for different purposes

The broad range of variation for phenologies such as days to flowering, days to maturity
and grain filling period offer great flexibility for developing improved varieties suitable
for various agreecologies of the country which have variable lengtlgrafwing period

and also to use in various cropping systems. The wider variation in number of pods per
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plant, seeds per pod, hundred seed weight and seed per plant among the varieties implied
the possibility to create a variety with higher grain yiatabr other biological yields.

Early flowering and maturity is the most important mechanism to escape terminal
drought stress in raifed condition.The highest plant height in Waju (16f8) indicates

that this traitis less influenced bynvironmental fluctu@gons and also attributed to the
semiclimbing nature of the genotyp&he findings in this studgrein agreement with

Win, (2011); Nielson and Nelson, (1998); and Philips, (2013) in common beaer
irrigated condition They all reported that, thdifference can be attributed to genetic

variability among the genotypeBray (1993) found similar results in soybeans.

Table2 Descrptive statistics on yield and Ageld related parameters

Variable Minimum Maximum Range StDev Mean +SEM

Plant height 46.27 172.13 125.86 31.91 104.9+7.13
Days to flowering 37.33 49.80 12.47 4.10 42.54+0.916
Days to maturity 82.67 109.33 26.66 8.51 95.15+1.9
Grain Filling Period 40.67 65.00 24.33 6.80 52.75+1.52
Pod per plant 10.93 33.07 22.14 5.23 21.35+1.17
Seed per pod 3.08 6.20 3.12 0.96 4.67+0.215
Seed per plant 33.37 154.63 121.26 37.21 101.85+8.32
Hundred seed weight 20.67 52.53 31.86 10.88 35.25+2.43
Grain yield per plant 9.18 61.81 52.63 11.92 34.25+2.66
Grain yield per plot 144.40 1093.60 949.20 252.60 515.10+56.5
Grain yield per hectare 772.00 5767.00 4995.00 1362.00 2779+305
Biomass weight per plani 1.40 3.10 1.70 0.48 2.2+0.108
Harvest index 0.11 0.36 0.25 0.07 0.23+0.015

sourcemodel

4.2. Pearson correlation coefficient analysis

Correlation coefficients were computed to assess the relationships between yield and
yield related components tifie 20 releasecdcommon bearvarietiesin Ethiopia under
irrigated condition in the study area. Tassociatiorof yield and yield related attributes

was basedn the mean of 20 releasedmmonbeanvarietiesfor 13 quantitative traits

The resultshowed that aboui9.23% of the total traits leowed positive correlation and
30.77% showed negative correlation (Talde The yield per plant exhibited significant
positive correlatior(P < 0.05) with most of yield related traits indicating relative utility

of these traits for selectioithis positive correlation could be resulted from the presence

of common genetic elements or micro environments (or both) that controls the characters
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to the same directiorBimilarly, Khan and Qureshi (2001) have reported that number of
podsper plant is psitively correlated with seed yiefger plantin chickpea. Also, Guler

et al. (2001)informed that the direct effect of the number of pods per plant on seed yield
in chickpea was significanPositive significant correlation due to effect of genes can be
the result of strong linkage between their genes or the characters may be the result of
pleiotropic genes that contrtiiese characters in the same directidbepeetal., 2013.

Similar results were reported by Lideal, (2012) for finger millet and Ayana (2001) for
sorghum. Thee isa small and non significanaerrelatiorfr= 0.0930)between grain

yield (kg/ha)and plant heightThismay be due to lodging and canopy effect.

Polygenic traits such gsod per plant, biomasyield, and seeder pod hundred seed
weight and harvest index showed positogerelation with grain yield. This imiged the
possibility to combat the low yielding ability abmmon bean varietidsy improving and
selecting for these important agronortraits. Similarly, GebreEgziabheret al, (2014)

found positive correlation for grain yield with number of gt plant, number of seeds

per plant and hundred seeds weight. Supportive results to the present study were also
reportedfor common beanMesfin etal. (2014) Kebereet al, 2006 Abebe et al, 2013

and Daniel 2012); for bread wheatTarekegn 1994 SaladeNavaroet al, 1993 and
Karmakerand Bhatnagar, 1996jor linseed (Worku, 2005),and for tef Assefaet al,

2002) and for sorghumAyang 2001).Plant heighthas negative correlation with grain
yield and mosbf yield related traits (Table)3Similarly, GebreEgziabheret al. (2014)

found negative correlatiometween plant height andrain yield in some released
common bean varietie®Vin, (2011) also found negative correlation between plant height
andpod per plant, seed per plant anelld per plant in chickpea under similar condition.
Negative correlation between grain yield and plant height in the present study was in
contrary wih the finding of Riggset al, (1981) which reported positive association in

wheat.

However, number of pods per plant was negatively correlated with days to 50% flowering,
and days to maturityThis may be due to flower suppression during irrigated condition.

Those results indicated that prolong reproductive phase in such environment may lead to
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decrease in yield\egativecorrelation betweenumber ofpod per plant and days to 50%

flowering, anddays to maturityn the present study was in contrary with the finding of

Win (2011)which reported positive associationdhickpea underain fed condition.

Therefore, fromthe present correlation studitere were strongcorrelatons between

some trais (Table 3, which allows for simultaneous selections and usehef related

traits interchangeably in selection. Tegongly correlated traits are possibly under the

influence of the same genes or pleiotropic eff¢iktko, 2008). Practically, during laa

improvement, if two strongly correlated traidse desired, they can both be selected

simultaneously basing on one of the traits

For examplegiving emphasis to number pods/plant, number of seeds/pod and number of

seeds /plant is a paramount impor&ana improving seed yield otommon bean

genotypes through indirect selection in high moisture stress area like Bako. Such studies
are useful in disclosing the magnitude and direction of relationships between the different

characters and seed yield as well as among the characters (Sharma aall 29%8).

Table3. Correlations coefficient of yield and yield related components oé@hanon

beangenotypes
Traits PH DF DM GFP PPL SPPOD SPPL  HSW GYPPL GYKgh BIO  HI
DF 0.150
DM 0.429% 0.645*
GFP 0.414 0.187 0.862*
PPL -0.003 -0.067 -0.152 -0.207
SPPOD -0.050 0.207 -0.088 -0.281  0.430
SPPL -0.021 -0.008 -0.174 -0.263 0.828*  0.819*
HSW -0.142 0.434 0.362 0.208 -0.269  -0.442* -0.469*
GYPPL -0.062 0.407% 0.253 0.010 0.533* 0.361  0.468*  0.499*
Gykghat 0093 0384 -0.076 -0.368 0.098 0.549* 0.338  0.140 0.435
BIO -0.147 0.405 0.062 -0.225 0.181 0.570* 0.391  0.139 0.547* 0.802*
HI 0.082 0216 -0.305 -0.532* 0.195 0.564* 0.41¢  0.002 0.331 0.913* 0.577*
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Key: * = significantat 5% levelof significance.
4.3. Principal component analysis

Principal component Analysis for 13 standaedl quantitative traits were computed by
using MINITAB14 softwareMINITAB(2003) to identify the most important traits
contributing to the total variations observed among thedfmon beawarieties PCA
results illustratedhe overall picture of the pattern of genetiversity of the common
germplasm based a3 quantiative traits.As speculated or suggested by Johnson and

Wichern (1988), principal component wiiligenvalues greater than one was considered.

The first four principal components having Eigesdue greater than one were extracted
from the mean of 13 noraftized quantities traits of 20 improvedmmon bean varieties
(Table 4. A variance of 39.2, 22.1, 14.6 and 10.6% were extracted from the first to
fourth components, respectively. Agronomic and phenotypic characters such as grain
yield per plot, grain yi@ kg/ha, harvest index, biomass yield, seeds per pod, number of
seeds per plant and grain yield per plant were the major contributors for the variation
observed in the first principal components. The variation in the second principal were
mainly due to day to maturity, days to 50% flowering, hundred seed weight and grain
feeling period. Likewise pod per plant, seed per plamtingieling periods and hundred

seed weight were the major contributors to the variation in the third components. Plant
height, gain yield per plant, hundred seed weight pod per plant, seed weight and harvest
index were the major contributors for the variation observed in the fourth components.
The above traits arbighly recommended for use in common bedraracterization
conservation and breedingimilar result was alseeportedoy Atilla etal., (2001).
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Table4 Principal Component Aalysis of 13 quantitative traits of 20 improveasimmon
beangenotypes

Traits PC1 PC2 PC3 PC4

Plant height 0.029 0.196 0.263 0.589
Days to flowering -0.134 0.453 -0.002 0.010
Days toMaturity 0.088 0.517 0.277 0.096
Grain filling period 0.219 0.371 0.325 0.117

Number ofPodsPer plant -0.208 -0.154 0.475 -0.317
N umber ofSeedsPerPod -0.353 -0.086 0.248 0.124
N umber ofSeedsPerPlant -0.312 -0.177 0.446 -0.091
Hundred seed weight 0.033 0.411 -0.313 -0.418
Grain yield per plant (g) -0.261  0.262 0.167 -0.468
Grain yield per plot (g) -0.408 0.066 -0.178 0.173
Grain yield per hectare (kg -0.388 0.134 -0.222  0.193
Biomass yield per plot (g) -0.362 0.168 -0.108 -0.041

Harvest index (%) -0.377 -0.015 -0.208 0.206
Eigenvalue 5.0942 2.8706 19003 1.3779
Proportion 0.392 0.221 0.146 0.106
Cumulative 0.392 0.613 0.759 0.865

PC: Principatomponents

4.4. Cluster analysis

At 80% similarity level, all the 20 released varieties were grouped into five clusters based
on 13 standardized quantitative trafisg. 1). Common bean varieties such as Gofta,
Seerl25, KatB9, KatB1, Fadis, Awash Mlka, Mexicanrl42, Seeil19, Dursitu,
Dinkinesh and Gebisa were grouped together in the first cluster (Fighis).cluster
recoded the least in plant heigha cm) and days to grain filling period (42 dayajaju,

Ebado and Loko were grouped in the setaluster.This cluster showed the highest in
average number of pods per plant (25.32), hundred seed weight (46.7 g) and grain yield
per plant (48.5 g) but the least in number of seeds per pods and harvest index.
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The third cluster comprised of two varet (Deme and omm®5) and this cluster
showed the highest average plant height (132 cm), days to flowering (49 days), days to
maturity (109 days) and days to grain filling period (61 days). Haramaya and Awash
Dume were grouped in the fourth cluster duéhtr relatedness for plant height, pod per
plant and seed per pod. Besides, the fourth cluster portrayed the least in number of pods
per plant (18.8), seeds per plant (78) hundred seed weight (27.8) and biomass weight per
plant (1.9 g). The fifth clustesomprised of two varieties such as Ramada and Nasir, and
those varieties showed the highest in seed per pod (5.8), seed per plant (126) and grain
yield per hectare (5.01 tons).

Overall, the aggregationf those 20 released common beganotypebased orplant
height days to flowering days to maturity grain filling period, pod/plant, seed/pod,
hundred seed weight, grain vyield/ plant, grain yield/plot, grain yield/ha, biomass
yield/plot and harvest indemto five clustersat 80% similarity level having2-11
varieties per cluster indicated a morphological diversity between the tested mdtasals.
generally agreed that genetically diverse parents will exhibit maximum heterosis and
offer the best chance of isolating transgressive segreddike,(2008. The result of
hierarchal clustering of thearieties revealed crossing of early maturing and short plant
height varieties in clustdrwith late maturing and long plant height cultivars in cluster
three could result in several new lines with heterdtaractersLikewise, it is possible to
generate a diverse parental line for hybridization from distantly related clusters with

diverse functional traits as observednr hierarchical clustering (Fig.2

The clustering pattern indicated that varietieglusters 3 to 5 were genotypity more
divergent from the other collections for they formed single genotypic clusters. This
method of clustering germplasm collections can also be used in the elimination of the
duplicated and genetically redundant accessialong with other relevant information

and documents of the germplasm (Greene and Pede200l. Hence, they
recommended the elimination of duplicates as an effective way of reducing germplasm
maintenance cost without losing valuable genetic resautdkswise, it is possible to

generate a diverse parental line for hybridization from distantly related clusters with
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diverse functional traits as observed from hierarchical clustering (Figbh#)present
study was confirmethe finding of Malicet al, (2004).He remrted that tuster analysis

using dendrograrfind out genetic variability amongommon beaggenotypes.
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Figure 2 Dendrogram showing genetic similarity and differences between 20 improved
common bean genotypes evaluated for 13 major phenotypic traits at 80% similarity level
for standardized data

4.5 Phenotypic and Genotypic coefficient of variation

The estimates of phenotypic coefficient of variation (PCV) were higher than genotypic
coefficient variation (GCV) for all the characters under considerattmmparatively
maximum PCV values were observed for grain yield per plot (47.8%), grain yield per
plant (39.09%), number of seed per pod (37.5%), harvest infgle%)( hundred seed
weight (29.94%), plant height (22.29%), and pod per plant (26.5%), and bioragg

per plot (23.19)Intermediate PCV values were observed for grain feeling period only.
However, days to 50% flowering and days to maturity exhibit very low PCV values,
9.64% and 8.56%, respectively. Estimates of genotypic coefficient of variation (GCV)

were lowest for traits such as days to maturity and days to 50% flowering. Intermediate
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GCV values were observed fdays tograin feelingperiodand biomass yield per plot.

The highest genotypic coefficient of variation (GCV) was obtaifeedgrain yield per

plot (46.16%), number of seed per plant (33.9%), grain yield per plant (31.56%), hundred
seed weight (29.12%), harvest index (25.2%) and number of pod per plant (22.5%)
(Table5). Similar results have also been reportedAbymayehuet al. (2014 for yield

per plant and pods per plaiRedy & Singh (200Qfor yield per plant, pods per plant,
plant height and 100 seed weight; Paneegl (2013) for pods per plant.

The PCV and GCV values for most of the traits considered in this study were fooed to
high (Table5). High GVC and PCV for number of podrpalant and number seeds per
plant were earlier reportdal Fikre et al (2012). The large percentage of both GCV and
PCV values were due to their respective large variancedoared mean, as shown in
table 5 In other words, traits that had relativelyda genetic variances also showed
higher genotypic coefficient of variation, suggesting that selection for these characters
might be more effective than the remaining ones since they had less environmental
influences.Genotype Nassir and Ramada can be idened as the best variety and be
recommended fonse under irrigated condition in the study apeaause theumulative

effects of the 13 quantitative traits make them well adaptegaridrmed

4.6. Broad sense heritability (H2) and Genetic advance

A fair measure of efficiency of selection for any quantitative traits can be derived from
the estimates of heritability for the characters under consideration. But reliability of
selection depends not only on heritability but it should also be accompayibdh
genetic advance (Johnsat al, 1955). High heritability coupled with high genetic
advancendicated thageneticprogress can be made through selection as it suggests the

presence of additive gene effects (Panse, 1957).
In the present stugestmates of heritability K1?) ranged from 51.88% for harvest index

to 97.9% for days to maturity (Table)5Hence, the highest heritability estimates were
observed for days to maturity (97.99%), grain feeling period (97.4%), plant height
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(96.7%), hundred sel weight (94.9%), grain yield per plot (93.14%), days to 50%
flowering (85.76%) and number of seed per plant (81.8%).

According to Win (2011) éritability estimate for canopy height was higher under
irrigated condition than nofirrigated condition It indicatedthat genetic variation for
canopy height of these tested genotypes was high undewatar stress condition.
Similar finding was reported byohn (2006). Highestimates of heritability on plant
heights were also reported by, Shargtaal (1990), Asefaet al, (2002 and Gebre
Egziabheret al, (2014. All of the traits considered in the current studigowed
heritability percentage greater than 50%. However, the heritability value was not
accompanied by genetic advance. Genetic advance was least for days to flowering
(17.01%) andhighest forgrain yield per plot (91.6%). Relatively higher heritability
followed by higher genetic advance were recorded for grain yield per plant, grain yield
per plot, number of seed per plant, number of pod per plant and harvest index. Days to
maturity and days to 50% floweringortrayedlower percentage of genetic advance.
Broadsense heritability was high for grain yield, pod per plant, seeds/plod and hundred
seeds weigh{Alemayehy 2014). Similar observations were reported by Sieglal

(1994) for yield per plant, and pods per plakibebe, (201Bfor yield per plant, podsep

plant, plant height and 100 seed weight.

High broad sense heritability was indicating a significant contribution for traits evaluated
and the additive effects played a greater role in the total genetic valialian Klynger

da Silva labatoet al, (2014).So, this result suggests that selecting for traits with high H

2 value could lead to better progress than those with lowras the latter were more
influenced by environment than the former. On the other hand, characters witiHSwe

may have poor response to selection due to substantial effect of the environment.
Generally, in this study, yield per plant, pod per plant yield per plotgazia yield per
hectare showed relatively high genotypic coefficient of variability, heritability and
genetic advance. Therefore, these traits need to be given more emphasis in phenotypic

selections. Thus selection for these traits is likely to accumutate additive genes
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leading to further improvement of their performance and these traits may be used as selection criteria in common bgan breedin

program under irrigated condition.

Table5. Estimation of the different variancgmarameters, heritability and genetic advancelf®major quantitative traits of 20
released varieties.

Variables Mean MSg MSe "29 “2e “2p GCV% PCV% H2% GA GA%
PH 104.90 3054.25 31.12 912.99 31.12 944.11 28.80 29.29 96.70 61.09 58.24
DF 42.53 50.10 2.40 14.44 2.40 16.83 8.93 9.65 85.76  7.23 17.01
DM 95.15 217.07 1.33 65.03 1.33 66.36 8.48 8.56 98.00 16.41 17.25
GFP 52.75 138.59 1.08 41.45 1.08 42.53 12.21 12.36 97.46 13.07 24.77
PPL 21.35 81.96 8.86 23.17 8.86 32.04 22.55 26.51 7233 8.42 39.43
SPPOD 4.65 1.54 0.681 0.49 0.681 1.17 15.1 23.3 41.9 0.93 20.05
SPPL 101.85 4154.00 265.8 1193.3 265.80 1459.05 33.92 37.50 81.78 64.23 63.06
HSW 35.24 355.23 5.70 105.63 5.70 111.33 29.17 29.94 9488 20.58 58.41
GYPPL 34.25 426.01 62.38 116.90 62.38 179.28 31.57 39.09 65.20 1795 5241
GYPPLO  515.14 191426.3 4162.8 56549.6 4162.8 60712.4 46.16 47.83 93.14 4717 91.60
Gykgha™ 2772.49 3223809.9 360024.4 954595.2 360024.4 1314619.6 35.2 41.3 72.6 17114 61.73
BIO 2.21 0.70 0.07 0.19 0.07 0.26 19.84 23.19 73.17 0.77 34.89
HI 0.23 0.01 0.00 0.00 0.00 0.01 25.21 35.00 51.89 0.08 37.34

4.7 Agronomic Performance olsome(20) Released Common bean Varieties

There were significant flerences (p < 0.05among genotypewith respect to yieldand yield attributes, which demonstrates high
genetic variance amonipem that enabled to screamigation tolerant genotypes (Tabl6. The analysis of variance indicated
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significant differences among theaneties for all traits alsoevealing that ta varieties
tested were highly variable. The mean values for grain yield ranged from 1,947 to 4,519

kg/ha with an average yield of 3,400 kg/ha (data not shown).

Number of pods per plant: Significant differences (P<0.)5vere exhibited among
common bearvarieties for number of pods per plant. More numbers of pedplant

were recorded from the varieties Ramada and Nassir with respective 33.07 and 27.6 pods
per plant. Onhe other hand, the variety Awadame had the lowest number of pods per
plant (1093). The data ranged from 10.93 to 33.07 for this paran{d@tle §. These

finding confirmedthe study of Abebeet al, (2013).

Number of seeds per podCommon beawarietieswere exhibited variation (P<0.p%or
number of seeds per pod. The RamadhMassir produce more number of seeds per pod
(6.20 and 6.10) respectively compared to the other varieties. On the otheHaamada
Dume produces the lowest number of seeds per pod (F.B8)emainingvarietieswere

in the rangeof 6.10 t03.53 for the character notébable §. The variation in yield
components and seed yield among Hagicot beangenotypes were also reped by
Danielet al,, (2012).

Number of seed plant Significant differences (P<0.p%vere exhibited amongommon
beanvarieties for number of seeds per plant. More numbers of seeds /plant were recorded
from the varieties Nassir and Mexicand2 with respective 152.10 and 147.33 seeds per
plant. On the other hand, the variety Awash Dume had the lowest number of Seeds per
plant with seed number/plant of 33.3The data ranged from 38.33 to 140 for this
parameter(Table 6). Significant variability in seeds per pod in chickpea was also
observed by Ahmasdt al (2003.

Plant height: Highly significant variation (P<0.05was olserved among the studied
varieties for plant height. The variety Waju (172.13 cm) was the longest variety while the
variety KatB1 (46.27cm) was the shortest variety (Tab)eHigh variability in plant
heightof chickpea genotypes was aleported byin, (201J.
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Days to flowering and Days to maturity Days to 50% flowering and days to maturity
had significant differenceP<0.05 among thevarieties.Days to flowering and days to
maturity were maximum for Deme (50, 109 days) and minimum for Gofte8B&days),
respectivelyFrom this result, one can conclude tta line with early phenology (early
flowering and early maturity) would be less vulnerable to terminal drought and hence
suited as drought escaping genotypes in-f@ahconditionand this asociated with high
initial growth vigour Sabaghpouret al (2003) who found that early flowering and
maturity was the most important mechanism to escape terminal drought Siresar

result was found by Beaver and Rosas (1998) in their studgrfoinal drought tolerance

in common beans, where selection for early flowering in red beans permitted the
identification of the genotype with short reproductive perio8imilar results were
reportedoy Guaret al, (2008) on chickpea

According to Win 2011) generally observations on days to maturity undeigated
conditions revealed that there waslelay of 816 days in maturity in all genotypes under
irrigated condition. The reason may be the fact that the moisture stress creates internal
stress ordifferent parts, which quickens flowering and maturity. Similar observations
wererecorded by Dhimart al, (2006) who reported that there was delay in maturity

under irrigated conditian

Total biomassweight: Significant differences (P<0.p%vere exhibited amongommon
beanvarieties for total biomasseight perplot. The highest was recorded from O8®
(3.1kg/plot) followed by Nassir (3.03kg/plot). The least biomass wasdeddy Awasa
dume (1.4kg/plot) (Table6). Win (2011) reportedthat increased biomasgeld in
chickpea can contrilte to higher seed yieldh the present studinese high seed yielding
genotypes could produce the highest value of biorgeedd under irrigated condition.
These genotypes can be assumedvasagematuing genotypes, which caaccumulate
large amount of total plant biomass duedduced total photosynthetic period compared

to the relatively longer maturingarieties.
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Hundred seed weight: The common bearvarieties tested had significant variation
(p<0.05 among each other for hundred seed weight. The variety Loko produces the
highest hundred seed weight (52.53 gm) followed by Deme(52.07gm). The variety
Dursitu was the least in seed weight (23.33gm) (T&hl&imilar results were reported

by Fikru (2007).

Harvest index: Harvest index, the ratio of grain yield to total biomass yield, is a measure
of the degree to which a crop partitions photo assimilate into gFain.grain crops,
harvest index (HI) is the ratio of harvested grain to total stigomatter, and this can be

used as a measure of reproductive efficieegnificant variation (p<0.05was observed
among varieties evaluated for harvest index. The varieties Ramada (0.38) and Nasir
(0.36) recorded highest harvesstlex while the varietieAwasadume (0.11) and Gebisa
(0.15) recorded lowest (Tabl6). Improved HI represents increased physiological
capacity to mobilizgphotosynthates from source to sink. Kuneéral, (2001) reported

that HI as anmportant criterion for improvement in yieldhich is strongly influenced by

environment

However, he results of present study showed that the decrease in HI by irrigation.
Pandeyet al, (2001 and 2003) found that the decrease in HI by irrigation was due to
suppression of flowering and numberpafds. This led to a decreased requiremeiulrpf
matter and N in reproductive sink. Consequently, more of dry matter is retained in
vegetative tissues. The results of present study showed that reduction in HI igis of
magnitude inAwasadume (0.11) andsebisa (0.15)Similarly, Dhimanet al. (2006)
reported that HI was reduced under irrigated condition

Gain feeling period Common beanarieties were exhibited vatian (P<0.09 for grain
feeling period per plot. Awash Dume anére had long graifeeling period (65 and 61
days) respectively compared to the other varieties. On the other hand, Nassir and
Dinkineshrevealedhe shortest number of days per pkbt &nd44), respectivelyTable

6).
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Grain yield per plant: A significant variation (p8.05 was observed amorgpmmon
beanvarietiesfor grain yield per plant. The highest yield was recorded from the varieties
Ramada and Ebado with the values of 61.81g/plant and 58.53g/plant, respectively. On the
other hangdAwash Dume was the lowest yield®.18 g/plant Table 6 The higher yield

of thesetwo genotypes was du@ the production of higher number of pods per plant
which was supported by tlggeater number acfeedger plant. The result of present study

was inagreement with the results \éfin (2011).

Grain yield/plot: A significant variation (p<0.0bwas observed amongpmmon bean
varieties in their response to grain yield. The highest yield was recorded from the
varieties Ramada and Nassir with the values of 1093.63 and 1086.6g/plettikesyp.
AwasaDume on the other hand was the lowest yielder with the value of 144.4 g/plot
(Table6).

Grain yield potential (kg/ha): Ramada (5767.15 Kg/hand Nassir (5674.82 Kg/ha) out
yielded the remaining varietie3his could bedue to theirinherent genetic potential
Although this result is a single year and single location trial, the two varieties could be
better recommended for production under irrigated condifibese two varieties asdso
superior to most of the varieties studied fioe traitssuch asnumber of pods per plant,
number of seeds per pod, grain yield per plant, grain yefglot, total biomass yield

per plot and harvest index. This result is in agreement with the finding ofeGebr
Egziabheret al. (2014) ; Kebereet al (2006 ; Abebeet al, (2013)for common bean

who stated that the seed yield of some releasatmon beais the result of many plant
growth processes which ultimately influence the yield components such as pods per

plant, seeds per pod and unit weighteéd.

The highest seed vyields were obtained when all the ab@is got maximized.
According to this study, Ramada medium red variety and Nassir, a small pure dark red
variety are the most favored and most commercially accepted varieties within the red
bean types. These two improved varieties were released in Ethiopiadomation bean

production areas. These fotge varieties (Ramada and Nassir), released in 2003, were
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found potential for smalholder farmers. The varieties were good yielder in research
stations (up to 2500kg/ha) compared ftwmerly releasedones and also have short
maturity cycle (80 to 95 daYThey pose an opportunity for the farmers who at times
hardly wait too long to feed the familig improve soil fertility as it is a legume crops, to

grow multiple crops per plots per season

Similarly, Alemayehu 2014) reported thatof the variationamong common bean
genotype \ere significant for grain yield and vyield related traits under both sole and
intercroping system.Overall, the present study revealed that significant variations were
recorded among the common bean varieties for grain yieldjiefdl related traits under
irrigated conditionimplying the presence of substantial variability among the studied
genotypes This irrigated condition may influences economic characters sugraas

yield that is mostly controlled by many genes and hampbtex inheriance.Highly
significant yield differences, earliness good grain (not shown) and adapted to the agro
climatic condition of this particular area indicates the need to develop genotypes that
adapted to spm#fic environmental condition. Maximizing seed vyield through
simultaneously increasing biomass yield astter important yield related traits ase
worthwhile strategy (Wallace, 1985; Wallae¢ al, 1993), especially for production
regions likeBako.
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Table6. Grain yield (kg ha') and other major agronomic traits of 20 releasmumon beawarieties under irrigated condition, 2015,

Bako
Genotypes PH DF DM GFP PPL SPPOD| SPPL TSW GYPPL GYPPLO GYkghd BIO HI
Gofta 107.506¢ 37.33 88.67 51.33% | 21.20° 3.53 74.80% 37.7F 28.27F°¢ 403.66°" 2157.45" 1.95F° 0.21FEcPe
Awash melka | 109.4F 44.33F 90.67" 46.33 24,0380 5.45 117.00DEC 20.97L 24.60FEG 443.77FG 2378.3F° 1.73GHF 0.27BCD
Fadis 76.27° 47.06° 96.33 49.33° | 18.47™° 4.07 74.53HG 46.73CB | 34.80FCEBDG | 556.90DE | 2967.5%°"¢ 2.67BAC | 0.21FECDG
Mexican142 | 114.4GF 38.00" 87.00¢ 50.67° | 21.47° 5.35 147.33BA 20.67L 23.63FG 427.33FG 2279.8% 1.80GHF | 0.24FBECD
KatB9 54.23 41.67F 86.67 48.33" 14,57 4.20 60.37IH 43.37CD | 26.20FEG 557.50DE 2967.258PF¢ 2.10EGDF | 0.27BC
Seer 125 54.23 39.00" 89.67" 50.67° | 21.50° 4.66 99.57FEG 31.13GH | 30.98FCEDG | 422.00FG 2223.03BDAC | 2.13EDF | 0.21FECDG
Deme 137.50" 48.67" 109.33 61.00 16.23¢ 4.23 68.77H 52.07A 35.83FCEBD 611.33DC 4921.6F5PAC 2.40EDC 0.30BA
Ramada 111.63F 49.67 96.67 46.67" 21.03%¢ 6.10 129.10BDAC | 48.07B 61.81A 1093.63A 5767.15A 3.03A 0.36A
KatB- 1 46.27 39.00¢ 84.67 46.00 18.53"¢ 3.56 66.13H 45.37CB | 30.00FCEDG | 350.17IGH | 1868.77EF 1.97EGF 0.18FEHDG
Waju 172.13 40.06" 98.6F 59.06° | 27.26™® 3.95 106.80FDE 39.93ED | 42.62CB 401.27FGH | 2305.65F 1.67GH 0.25BCD
Nassir 125.9% 40.06" 82.67 40.67° | 22.43%° 5.50 122.87BDEC | 27.10IKJ | 33.28FCEBDG | 1086.63A 5674.82BA 2.90BA 0.36A
Seer-119 89.0F 38.67"" 90.67" 51.67F | 22.83FFP 6.20 140.80BAC 29.57IH 40.95CBD 674.27C 3416.14BAC 2.73BAC 0.25BECD
Haramaya 134.06° 43,00 96.00° 53.06 13.53" 3.53 38.331J 3457GF | 22.37G 315.17IH 1671.25EBDF | 2.03EGDF | 0.15FHG
Dursitu 84.30% 41.33 93.67" 52.33F | 27.56° 5.60 154.63A 23.33LK | 36.45FCEBD 583.33DC 3076.99 2.40EDC 0.24FBECD
Omo- 95 126.30 48.33F° 108.67 60.33% | 22.67°FP 5.76 130.00BDAC | 25.57KJ | 33.18FCEBDG | 856.00B 3826.87A 3.10A 0.24FBECDG
Awasa Dume | 143.8% 37.67JI 102.3% 65.00% 10.93 3.08 33.37J 27.70IHJ | 9.18H 144.40J 771.66EF 1.40H 0.11H
Gebisa 110.27F 45.00° 102.6F 57.67 21.00%¢ 5.67 115.53DEC 26.40IKJ | 30.90FCEDG | 265.43I 1404.20EDFC | 1.80GHF 0.15FHG
Ebado 89.57 42,065 105.67° 63.67° 27.6C° 4.40 121.13BDEC | 47.60B 58.53A 363.77FIGH | 1940.64FBDAC| 2.47BDC | 0.15H
Loko 106.43F 48.67" 107.06* 57.67 21.17° 3.87 83.87FHG 52.53A 44.23B 286.47I 1537.65EDF 1.83GHF 0.16FEHG
Dinkinesh 104.77 41.33 85.33 43.6F 33.07 4.60 152.10A 24.33LKJ | 37.21BD 459.83FE 2432.98ECD 2.10EGDF | 0.22FBECDG
Mean 104.9 42.53 95.15 52.75 21.35 4.65 | 101.85 35.24 34.25 515.14 2779.49 2.21 2.0244
CV(%) 2.0244 2.0244 2.0244 2.0244 | 2.0244 2.0244 | 2.0244 2.0244 2.0244 2.0244 2.0244 2.0244 2.0244
LCD(%) 9.221 2.559 1.908 1.719 4.921 26.945 3.947 13.055 0.439 0.0908
Fvalue = P P P P P P P P P P P P

Souce: Model resulf** = significantat 5%significant level.
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4.8 Morphological diversity

Results from the Principalomponents analysis (PCA) and Shank@eaver diversity
index (H) values for theb phenotypictraits studied are presented in TableThe PCA
wasused to showhe traits which accounted for significargriation in the common bean
germplasm.It reduced the data to a few dimensiomsd explained64% of total
phenotypic variationn the germplasm. The first twierincipal components with Eigen
value (latent roots) greater thdrD wascontributed most of the total variation in the

germplasm.

PCA results illustratedhe overall pictureof the pattern of genetidiversity of the
common germplasm based omorphology The germplasm clustereidto two major
groups with most variationattributed toseed colarflower color, seed size, and seed
shape The above traits arehighly recommendedfor use in commonbean
characteriation, conservation and breedinthe Eigenvalue formed the basisHence,
selection of genotypesith high PCA and loware suitable for both streasid nonstress
environments (Golabadit al, 2006 and Shahryaand Molasadeghi, 2011)According
to Koinangeet al. (1996), planttype and seed sizare important for preand post
commonbean crop,s domestication and weraployed logically to help interpretation of

trait distributions among the genotypes in the Rilé@t.

Results from the ShannekVeaver diversity index (H) values for theraits studied are
presented in Table. The H valueranged from @49, 0.337 with a mean of @4+0.35.
The mean Shannon diversity index @btimate ofndicates that differentlasses of traits
and genotypes have a balancegresentatiof the collection. Yadaet al. (2010) used
ShannorWeaver diversity (Hanalysis index on 1256 sweet potato accessging 20
morphological descriptors and reporteegan H of 0.71+0.03 and &fred high diversity
among the sweet potato clones from Ugandae traits observed as critical for bean
characteriation in this study likeseed size and flower colour, were also foundé¢o
important in beans from Ethiopia and Kerjyafaw et al, 2009),which indicates similar

diversity manifestation in the East African regioBlair et al (2010) observed
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considerable variationdn landraces in Central Africa, in seed size aodlor

predominated by the red mottled typelsich was very frequent in thisusly.

There is a broad genetic diversity of begermplasm inEthiopia The traitsin Table 7
are highly recommended for use in common bedraracteriation, conservation and
breeding.Blair et al. (2010) reported farmer,s preference for mdagdraceswhere
diversified bean types are uskm various agronomic and cultural reasolmsaddition,
varietiespreferred for home cooking with unique se®dburs are selected for sale in the

local marketshence, maintaining bean diversity in the tropics

Table 7 PCA andshannorAWeaver diversity index (H) estimates for theéraits used to
classify the20 commonbean germplasnm Ethiopia

Variable PC1 PC2 H

Seed size  0.423 0.208 0.334
Seed color 0.565 -0.055 0.331
Flower color -0.509 -0.112 0.337
Pod color -0.067 0.671 0.249
Seed shape 0.168 0.595 0.305

Eigenvalue 2.4114 14281

Proportion  0.402 0.238

Cumulative 0.402 0.640

Mean diversity index (H) 0.34+0.35
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5. Conclusion and Recommendation
5.1 Conclusion.

Performance of some (20) improved haricot bean varieties and 13 yield related traits were
considered in thianalysis Polygenic traits such gmd per plant, biomass yieldnd seed

per pod hundred seed weight and harvest index showed positisrelation with grain

yield. This impied the possibility to combat the low yielding ability odbmmon bean
varietiesby improving and selecting fohése important agronomic traisgronomic and
phenotypic characters such as grain yield per plot, grain yield kg/ha, harvest index,
biomass yield, seeds per pod, number of seeds per plant and grain yield per plant were the
major contributors for the variation observedthe first princpal componentsOverall,

the aggregatiorof those 20 released common bean varieties into five cluste89%
similarity level having 211 varieties per clustebased onthe 13 quantitative traits
indicated a morphological diversity between the tegiudypes It is generally agreed

that genetically diverse parents will exhibit maximum heterosis and offer the best chance
of isolating transgressive segregants

The study shows the existence of a broad range of genetic varialmlitthe tested
collections for grain yield and vyield related traits based selection. This variability also
confirmed by the analysis of principal components that explained the overall diversity by
13 eigenvectorsln this studyyield/plant, pod/plant, angield per plot, grain yield/ha
showed relatively high genetic coefficients of variability, heritability, and genetic
advance. Therefore, these traits need to be given more emphasis in phenotypic selections
The first four eigenvectors accounted about 86.6f the total variability among the
tested genotypes. The principal component analysis showed that the main contributing
characters were evenly distributed among the evaluated characters. Haxaiveyjeld

per plot, grain yield kg/ha, harvest indexoimiass yield, seeds per pod, number of seeds
per plant and grain yield per plant were the most useful in distinguishing the tested

haricot bean genotypes
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The presence of wide diversity among the 20 released haricot bean genotypes was
confirmed by cluster raalysis that grouped é¢m into five classedased on the
measurement of 13 agmorphological characters. The clustering pattern indicated that
varieties inclusters 3 to 5 were genotyplty more divergent from the other collections

for they formed singlegenotypic clusters This method of clustering germplasm
collections can also be used in the elimination of the duplicated and genetically redundant

accessions along with other relevant information and documents of the germplasm

The results of the ANOVAanalysis pointed out the relative variation of vyield
performance and different yield related traits of the 20 improved haricot bean varieties.
Thus, grain yield potential and most of yield related parameters were found to have
significant variation(p< 0.05) among the varieties investigatethe analysis of variance
among the 2Qested genotypes alsiowed highly significant (p< 0.Q5differencein

terms of their yield performance under irrigated conditiimere was also a wide range

of difference between the maximum and the minimum values of thghometric
charactersThis considerable variability could be ascribed partly to the differences in the

evaluated genotypes and partly to the genotypes ancdbamant interaction effects

The study measurettirty parameters and the results revealed that all genotypes were
different in grain yield potential and morphphysiological traits. The differences
indicated presence of genetic variation for these traikgy factor in plant breeding and
selection for bean crop improvememhe trial sites are characterized with high moisture
and medium soil fertility condition, hence varieties which tolerate these stresses perform
best. Successful genotypes must havedggeeld and other essential agronomic
characters. Besides, their performance should be reliable over a wide range of

environmental conditions.

The overall performance of the test varieties was good in that particular area except
Awasa Dumeunder irrigated growing conditiofi.e., his variety generally performs
poorly under irrigated growing conditiprBome genotypes like Ramada, Nassir, €980

and Seefl19 were the best performed genotypexlier irrigated conditions the study
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area. However, Ramada and Nasser were the out yielded variétiesgreatest yield of
thesefour varieties could be due to their inherent genetic potential. It could be also due to
better local adaptation to the Western Ethiopia environm&htyefore, it is adgable 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.

5.2 Recommendation

1. Some genotypes like Ramada, Nassir, @60 and Seefll9 can be
recommended for production under irrigated conditions. That means, these
varieties could be the best choice for localities with better moisture condition or
for irrigated growing condition. 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

2. The majority of Ethiopian farmers, however, are unable to atferdigh mineral
fertilizer cost. Nitrogen derived from biological fixation is 5070 % more
efficient than applied N because only 3660 % of the latter is recovered by
plants (Bliss, 1993). Biological Nixation, a key source of N for poor farmers,
constitutes a potentiadolution andmay havea lion sharefor sustainable bean
production in Ethiopia.Therefore, all stakeholders who work in Ethiopian
agriculture should not under estimate the importancerigition using legumes
cropsas an alternativ®l sourceandits roleas a break crop in Maizand other

cropsbased farming systems to reduce decline in soil fertility
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7. Appendices

Appendices1 list of common bean studied under irrigated condition with their
randomization on the 60 plots

Variety Rep 1l Rep 2 Rep3 Remark
Gofta 1 32 54
Awash melka |2 26 50
Fadis 3 29 60
Mexican142 4 24 51
KatB9 5 27 59
Seer 125 6 21 42
Deme 7 38 57
Ramada 8 40 55
KatB- 1 9 22 41
Waju 10 39 56
Nassir 11 25 43
Seer-119 12 23 44
Haramaya 13 33 45
Dursitu 14 30 48
Omo- 95 15 34 58
Awasa Dume | 16 31 46
Gebisa 17 28 47
Ebado 18 35 53
Loko 19 37 49
Dinkinesh 20 36 52
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Appendice< Field photo
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