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Abstract

Common bean (Phaseolus vulgaris L; 2n=22) is the most important food legume rich in protein, minerals, and
vitamins where its protein content is cheap and easily affordable for the famers of the country. The crop plays great
role in maintaining the fertility of the soil through fixing atmospheric nitrogen and thus keeping diversity and stability
of the agricultural system. Due to its importance, the total area allocated for common bean crop production and the
yield obtained in Ethiopia is 357,299.89 ha and 540,238.94 tons respectively. The productivity of white and red
common bean is 1.41 ton/ha and 1.59 ton/ha respectively in 2016 planting season. Since 1970s common bean
improvement has been started in Ethiopia and since then more than 50 common bean varieties for different traits
and for different agro ecologies were released through conventional breeding in Ethiopia. Currently, in common bean
breeding; gene pyramiding against common bean diseases like ALS (Angular Leaf Spot), CBB (Common Bean
Blight) and anthracnose and diversity assessment for diseases like CBB and ALS has been started using MAS
(Marker Assisted Selection) in Southern Agricultural Research Institute at Hawassa. Therefore the aim of this article

is to review common bean improvement status and to indicate some improvement gaps in Ethiopia.

Keywords: Protein; Fertility; Stability; Production; Productivity;
Conventional breeding; Gene pyramiding

Introduction

Common bean (Phaseolus vulgaris L; 2n=22) is the world’s most
important food legume which is used for direct human consumption.
The common bean production is greater than 12 million tons annually
in the world with its production value of US million $5717 [1,2]. Since
it is high in nutrient content and commercial potential, common bean
holds great promise for fighting hunger, increasing income and
improving soil fertility in Sub Saharan Africa. The crop occupies more
than 3.5 million hectares in sub-Saharan, but production is
concentrated in the densely populated areas of East Africa, the lakes
region and the highlands of southern Africa. It is the second most
important crop next to cow pea in eastern, central, and southern Africa
[3,4]. These regions are the primary bean growing regions in Africa,
with a combined production of almost 1 million metric tons [5].

It is one of the major food and cash crops in Ethiopia and it has
considerable national economic significance and also traditionally
ensures food security in Ethiopia [6-8]. It ranks third as an export
commodity in Ethiopia, contributing about 9.5% of total export value
from agriculture. It is often grown as cash crop by small scale farmers.
The majority of common bean producers in Ethiopia are small scale
farmers, and it is used as a major food legume in many parts of the
country where it is consumed in different types of traditional dishes

[9].

Common bean seeds contain 20-25% proteins, much of which is
made up of the storage Protein phaseolin [10]. Phaseolin is a major
determinant of both quantity and nutritional quality of proteins in
bean seeds [11,12]. In addition to this; it is also important in providing
fodder for feeding livestock and it contributes to soil fertility
improvement through atmospheric nitrogen fixation during the

cropping season [5,13]. Common bean adds not only diversity to
production systems on resource poor farmers fields but also it
contributes to the stability of farming systems in Ethiopia [13].

Pulses covered 10.38% (about 2,671,843.040 tons) of the grain
production. Out of this, common beans (red), and common beans
(white) were planted to, 1.95% (about 244,049.94 ha) and 0.91% (about
113,249.95 ha) of the grain crop area respectively. The production
obtained from common bean (red) and common bean (white) were
1.43% (380,499.453 tons) and 0.60% (159,739.484 tons) of the grain
production respectively. Therefore, the total area devoted for common
bean crop production and the vyield obtained in Ethiopia are
357,299.89 ha and 540,238.94 tons respectively [14]. Common bean is
mainly grown in Eastern, Southern, South Western and the Rift valley
areas of Ethiopia [15]. Even though the crop has tremendous
importance in country economy such as for home consumption, soil
fertility improvement and etc., its improvement is highly challenged by
diseases, insect pests, and prolonged drought in Ethiopia. In spite of
this challenge, the crop is crucial primarily for home consumption, for
foreign exchange earnings, soil fertility improvement by changing
unavailable atmospheric nitrogen into available form and it has high
protein content. This urges us to know about the improvement status
of common bean so that to suggest the gaps of the improvement
process as a result appropriate intervention to be taken by the
concerned bodies.

Objective: The objective of this paper is to review the improvement
status of common bean in Ethiopia and to point out improvement gaps
on the crop so as appropriate intervention to be taken.

Botany of common bean

Common bean usually refers to food legumes which belong to
genus Phaseolus, species vulgaris, family Leguminosae, subfamily
Papilionoideae, tribe Phaseoleae, sub tribe Phaseolinae. The genus
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Phaseolus contains some 50 wild-growing species distributed only in
the Americas. The Asian Phaseolus have been re- classified as Vigna
[16]. According to Kaplan [17] like many other plants, common beans
are hermaphroditic, containing both the stamen and pistil in the same
flower. This makes common bean self-fertile, which means an
individual plant is able to reproduce by itself which can have the effect
of limiting genetic diversity. Common bean represents a wide range of
life histories (annual to perennial), growth habits (bush to climbing),
reproductive systems and adaptations (from cool to warm and dry to
wet). The seeds of common bean are non-endospermic (for fabaceae
the endosperm is not retained as storage tissue; it is used up to put
storage chemical into the embryo itself) and they differ in seed size and
color. The Andean lines have larger seeds in which 100 seed weight is
above 30 grams while Mesoamerican lines have smaller seed size i.e.,
their 100 seed weight is less than 30 grams [18]. The seed size of
common bean can be i/small when randomly measured 100 seed
weight is below 25 grams, ii/ medium when 100 seed weight is between
25 and 40 grams and iii/ large when 100 seed weight is above 40 grams.
Besides, the seed color of the crop varies from the small black wild type
to the large white, brown, red, black or mottled seeds [19]. Common
bean shows variation in growth habits that could be bushy
determinate, bushy indeterminate, prostrate indeterminate and
extreme climbing indeterminate types [20].

Origin and geographic distribution of common bean

Common bean is believed to have two centres of origin. These are
South America, Andean region (mainly Peru) and Middle America
(Southern Mexico and High lands of Guatemala). The basis of the
origin is based on DNA analysis that shows the simplest DNA
structures exist in wild beans from these regions of Ecuador and Peru.
Those common bean accessions domesticated in the Andean regions
from Ecuador south are considered as the Andean gene pool, whereas
those domesticated from Colombia northwards belong to the Middle
American gene pool [21]. However, according to Jones [22] the centre
of origin of common bean is considered to be the central Andes,
Central America, and Mexico. Other archaeological evidence showed
that common bean was domesticated 5000 BC in Peru and in 6000 BC
in Southern Mexico [23]. Then, from its centre of origin common bean
is introduced into Brazil and East Africa in the 17" century by the
Portuguese. Similarly, it is believed to be introduced into Ethiopia in
the same century by the Portuguese.

Adaptation and agro-ecology of common bean

Common bean is adapted to a wide range of climatic conditions
ranging from sea level to nearly 3000 meters above sea level (m.a.s.l.)
depending on variety. However, it does not grow well below 600 meters
due to poor pod set caused by high temperature [24]. It grows best in
warm climate at temperature range of 18°C to 24°C [25]. Fikru [26]
suggested that common bean grows well between 1400 and 2000
m.a.s.l. In addition, Kay [27] reported that the crop is well adapted to
areas that receive an annual average rainfall ranging from 500-1500
mm with optimum temperature range of 16°C-24°C, and a frost-free
period of 105 to 120 days for maturity. Moreover, common bean
performs best on deep, friable and well aerated soil types with
optimum pH range of 6.0 to 6.8. The major common bean producing
areas of Ethiopia are central, eastern and southern parts of the country
[14].

Production and economic importance of common bean in
Ethiopia

According to CSA [14], the area covered by common bean
production in Ethiopia in 2016 was 113,249.95 ha and 244,049.94 ha
for white and red common bean respectively with total area of
357,299.89 ha and total production of about 540,238.94 tons/ha.
Generally, pulses covered 13.24% of the grain crop area; where
common bean, faba bean and chickpea accounted for 2.86%, 3.56%
and 2.07% respectively. Thus, common bean ranks second next to faba
bean in terms of area coverage among pulse crops. The average white
and red common bean productivity is 1.41 tons/ha and 1.56 tons/ha
respectively. It is predominantly produced in Oromia region, SNNPR
and Ambhara region with their area coverage of 146,452.41 ha (41%),
117,969.97 ha (33%) and 81,235.07 (22.74%) ha respectively. The rest
3.25% is produced in other regions of Ethiopia [14]. Rahameto [28]
reported that in the southern part of the country, Sidama and Gamo
Gofa zones produce red and speckled types mainly for home
consumption. In the eastern part; mainly Hararghe highlands, where
low land pulses are being preferred for food and they are mostly
speckled food beans and small whites.

Common bean is mostly grown in small and medium sized farms
due to small land holding of most of the farmers in Ethiopia. Taking
into account its nutritional value, the crop is rich in protein,
carbohydrates, minerals and vitamins. The protein content in beans
can reach up to 40%, whereas the protein content of meat is
approximately 20% which cannot easily be afforded by the poor
farmers. Common bean fits very well into crop rotation where it can
successfully be intercropped with crops like maize or cassava and has
demand in both domestic and regional markets in Africa [29].

When common bean economic importance is considered, it is used
as source of foreign currency, food crop, means of employment, source
of cash, and plays great role in diversifying the farming system [14].
EPPA [30] reported that in the year 2000, 2001 and 2002 Ethiopia
exported 23,9944, 32,932.7 and 42,127 tons of common bean
obtaining 8.2, 9.8 and 13.2 million USD respectively. The main
destination markets in 2002 were Pakistan, Germany, Yemen, UK,
South Africa, India and Mexico having 12.9, 7.8, 6.9, 5.79, 4,4,4%
respectively [30]. The country's export of common beans have
increased over the last few years, from 58,126 MTs in the year 2005 to
78,271 MTs in the year 2007 and Ethiopia obtained 63 million dollar
from common bean market in 2005 [31]. The major storage and
trading sites in Ethiopia is in the southern rift valley areas like in the
towns of Wolaita sodo, Hawassa and Shashemene whereas the major
collection centres for white beans is in Nazareth, before it is exported
through Djibouti [32,33]. For the major processing companies,
Ethiopia is a relatively new source of supply and recent investment site
for a number of international companies like Italy, UK and Turkey.
These countries are importing from Ethiopia and this indicates that
market opportunities are boosting in the country even though the
demand of the consumers in the country is not yet being fulfilled [34].

Historical Development and Success of Common Bean
Improvement in Ethiopia

Common bean research in Ethiopia began in the late 1960s.
However, a nationally coordinated research in Ethiopia began in the
early 1970s by the Melkassa Agricultural Research Center (MARC). So
far, a large number of common bean germplasm were introduced and
evaluated for adaptation and productivity. In the early 1980s, priority
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was set [35]. Since then more than 50 common bean varieties have
been released for some specific traits and for different altitude ranges
(Figure 1). The national strategy to develop improved bean varieties
has evolved over time. In the past, evaluation of promising improved
bean lines was done across several growing environments, with the
expectation of identifying varieties adapted to a range of different
growing conditions [36]. The country’s universities have been playing
their role in the improvement program of common bean in Ethiopia.
The Hawassa University common bean improvement program is the
coordination centre in the eastern and central Africa regional program
and played its role in establishing its common bean crossing program
for sources of germplasm to the eastern and central Africa regions
bean network (ECABRN) countries. The Haramaya University is also
playing a significant role in the improvement of common bean in
Ethiopia. In addition to MARC and the Universities, other EIAR
(Ethiopia Institute of Agricultural Research) centres and SARI
(Southern Agricultural Research Institute) centres has been playing
their role in the improvement of common bean in Ethiopia. However,
only few genotypes would be suitable to all beans growing
environments because of differences in consumer preferences and
specificity in adaptation to climatic conditions and cropping systems.
Subsequently, several varieties have been released to address the issues
related to climatic adaptation and different consumer preferences.

All the bean breeding activities in Ethiopia have been conventional
until recently. However, since 2015, an attempt is being made at SARI
where molecular laboratory is established and functioning, although it
is at infant stage. Even though it is in the infant stage, some of the MAS
(Marker Assisted Selection) activities have been started. The gene
pyramiding against common bean diseases like ALS (Angular Leaf
Spot), CBB(Common Bean Blight) and anthracnose is at BC4 (back
cross four) stage by crossing the recurrent parent with the donor
parent for the three diseases. In addition to gene pyramiding, diversity
assessment for diseases like CBB and ALS is also underway.
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Figure 1: Common bean varieties released in Ethiopia from
1973-2016. (Adapted from variety register booklet MoA of
1973-2016).

Between 1973 and 2016, even though there is no significant
common bean improvement status difference in two decades, the
improvement of common bean varieties was rapidly increased (Figure
1) after 1995 and brought significant change in the food security and
farmers’ income. Women are the main beneficiaries. Due to
improvement, its yield has been increased by 50% in Ethiopia over the
last decade [36]. As it is indicated in Table 1, through introduction of
germplasm of different market classes and testing across different agro
ecologies in which different diseases are prevailing more than 18
multiple disease resistance varieties of common bean has been released
by the NARS (National Agricultural Research System).

Official Name Local Name Release year Yield (tons/ha) Resistant/ Tolerant to
On research station On Farmers’ land

SER-125 SER-125 2014 3.2 25 ALB, Rust

Awash-2 Awash-2 2013 2.8-3.1 1.8-2.2 Rust

KATB69 Dandesu 2013 2.2-3.0 1.9-2.3 CBB

KATB1 Ada 2013 1.9-3.3 1.7-2.5 CBB

AFR-716 Loko 2009 21 1.8 ALS, Anthracnose

SNNPR-120 Hawassa Dume 2008 25 2 ALS, CBB, HB

SUG131 Deme 2008 1.9-2.0 1.8-2.2 Anth, ALS, CBB

Vax-2 Gabisa 2007 24 25 CBB

STTT-165-96 Chercher 2006 2.2-3.0 1.5-2.5 CBB, ALS

G-843 Haramaya 2006 2.5-35 1.8-2.2 CBB, Rust

STTT-165-92 Chore 2006 2.3-25 1.9-2.2 Anth, CBB, Rust

Rab-484 Melkadima 2006 2.0-3.2 1.8-2 Anth, CBB, Rust

Xan-310 Dinknesh 2006 2.5-3.2 2-25 Anthracnose, rust
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EMP-376 Anger 2005 23 1.7 ALS
- Tibe 2004 2.2 1.8 Anth, CBB, Rust
Dicta-105 Nasir 2003 3.0 2.3-2.7 Anth, CBB, Rust
ISC-15541 Gobe Rasha-1 1999 2.1 1.8 ALS
Pan -182 Awash Melka 1999 3 2.7 Anth, CBB, Rust
GLPX 92 Ayenew 1997 2.0-35 1.5-2.8 CBB, Rust
G-2816 Gofta 1997 2.4-40 1.5-3.0 CBB, Rust
Roba-1 Roba-1 1997 2 1.6 Anth, CBB, Rust

Table 1: Research attempts and some of the achievements in common bean improvement. (Adapted from variety register booklet MoA of

1997-2014).

Commonly used breeding techniques for common bean
improvement

The Ethiopian national common bean improvement program has
been trying to release promising bean varieties through crop
improvement techniques [34]. Crop improvement is achieved through
introduction, using different selection methods and hybridizing plants
with desired traits. Introduction is the earliest plant breeding method
and it is taking of the superior plant varieties with desired trait from
one area to the newer area for immediate use after evaluating in certain
area with in shorter period of time. This method is not currently
applied in Ethiopia. Selection is the preferential survival and
reproduction or preferential elimination of individuals with certain
genetic compositions by means of natural or artificial controlling
factors. It is the most commonly used breeding technique in Ethiopia
probably due to the use of already existing natural variation to select
the best performing genotype, no need of cost for creating artificial
variation. The majority of common bean varieties released in Ethiopia
are developed by using selection breeding methods like mass selection;
pure line selection, bulk selection and backcross method. In addition
to selection, sometimes hybridization is used to cross two genotypes
with dissimilar but with desirable traits to produce hybrid. Recently
gene pyramiding common bean against diseases like ALS, CBB and
anthracnose is undertaken at SARIL In addition, assessing diversity of
common bean diseases like CBB and ALS is also underway. Gene
pyramiding is arranging multiple genes leading to simultaneous
expression more than one gene in a cultivar to produce long lasting
resistance expression of genes in which success depends on the
number of genes to be transferred and the distance between the target
gene and the flanking markers, the number of genotypes selected in
each breeding generation the nature of germplasm [37] etc.

Challenges and opportunities of common bean improvement
in Ethiopia

Opportunities: Common bean improvement; in Ethiopia, has its
own opportunities to achieve such impressive result. The common
bean improvement program of the country is supported by budget by
International projects, national projects and government of the
country. Currently, it is supported by CIAT (International Centre for
Tropical Agriculture), PABRA (Pan Africa Bean Research Alliance), TL
(Tropical Legume) and others [36]. The Ethiopian government has
given due emphasis to the improvement of common bean due to its

export value [30]. This support alleviates the budget challenges that
would have been occurred in the improvement program. The existence
of diversity between the Mesoamerica gene pool and Andean gene
pool type of common bean helps for variety selection of different traits;
like high vyielding, disease resistance or tolerance and drought
tolerance. In spite of the high level of brain erosion from the country,
some of the country lovers work hard to bring this visible change in the
improvement of common bean. The establishment of research centres
based on agro ecology of the country is also an excellent opportunity
to advance the improvement of common bean in multi locations; i.e.,
to exploit the genotype by environment response of selection so that to
recommend varieties according to their performance.

Challenges: Even though more than 50 common bean varieties are
released by the NARS, due to less cooperation between agricultural
extension and development offices and NARS of the country, few
varieties (Red wolaita, Hawassa dume, Nasser etc.) dominate the
production system; particularly, in the SNNPR regions of Ethiopia. It is
clear that, in the crop improvement the target is making the farmers
beneficial from the high yielding improved common bean varieties.
Unless the improved common bean varieties reach to the producers,
this may discourage the breeding system and make all the effort of the
breeders futile.

According to the suggestion of Tumsa et al. [38] the other challenge
could be the dependency of breeding system only in conventional
breeding and lack of basic molecular level research techniques and
skill. The limitation of conventional breeding is that the time it takes to
achieve desired result, it does not ensure the transfer of target gene, it is
limited to only closely related species and also un-desirable gene may
transfer along with desirable gene. These make the conventional
breeding system less efficient in answering the question of the end
users. These authors added the shortage of facilities such as screening
houses; green houses and laboratory facilities weaken the breeding
system. The source of resistance for some disease is also not known.

According to Anderson et al. [39] bio fortification is the process of
breeding nutrients into food crops; it is feasible means of delivering
micronutrients to populations that may have limited access to diverse
diets, supplements, or commercially fortified foods. Breeding for bio
fortified food crops is another challenge probably due to lack of
expertise and molecular laboratories in Ethiopia. The other is the
genetic base of most common bean cultivars with in marker class is
narrow [40] because only a small portion wild common bean
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population was imported. The narrow genetic base of cultivars is
attributed to the limited use of exotic germplasm [41].

In addition, the improvement of common bean is influenced by
both abiotic and biotic factors. The abiotic factors include climatic and
soil factors; whereas biotic factors are diseases and insect pests. Beans
are subjected to both field and storage insect pest attack. The Bean
Stem Maggot (BSM) and bruchids significantly affects production and
productivity. In Africa, due to BSM yield losses ranging from 30-100%
have been reported. In Ethiopia, Z. subfasciatus and C. maculatus are
the major pests of stored beans causing average grain losses of 60%
within 3-6 months of storage period. Much of the bean crop is lost due
to diseases as well as insect pests or drought, low soil-fertility and other
abiotic stresses [42]. Bean rust (Uromyces appendiculatus) disease
accounts for a vyield losses of 85%, and Angular leaf spot
(Phaeoisariopsis griseola) disease yield reductions is not quantified in
Ethiopia but elsewhere range from 7 to 80%. The Anthracnose
(Colletotrichum lindemuthianum) is another disease of common bean
that causes yield reduction [38].

Future Research Prospects of Common Bean

The National Agricultural Research System has been doing great
effort varieties to be improved on the base of the set standards.
However, population is increasing at alarming rate. According to rapid
situational analysis field report of 2007, the population of Ethiopia
increases by 2.6% every year. Thus, to feed this increasing population;
the quick and less expensive way of variety improvement is expected to
be followed which saves resource like time and cost. As it is indicated
earlier, the common bean improvement system in our country is more
of conventional breeding method which may take 8-12 years for
selection of improved variety from accessions. To feed this increasing
population of the country, breeding should focus on molecular
breeding methods where varieties can be improved relatively with in
shorter period of time with desired trait. In addition to this,
introducing superior released materials and evaluating them over
locations and then finally releasing to the farmers is preferable method
to answer the food question of this increasing population.

Since the crop is not indigenous to our country, so germplasm has
be introduced from the centre of origin and diversity and thus
evaluated in different agro ecologies. In Ethiopia, the traits are
supposed to be identified on morphological characterization, therefore;
molecular base identification studies are expected to done in the future
for desired trait identification. The creation of magic population;
population which may contain many traits at a time, needs to be part
of our research focus area for a future. Because this may solve many
research questions of common bean at a time.

Summary and Conclusion

Common bean improvement is in the promising status in Ethiopia
even though it has got research attention since 1970s. This is probably
due to the nutritive value and soil fertility maintenance nature of the
crop. In addition to this, its use for export to earn foreign currency
may be another reason for the preference of the crop. Since then, the
crop is majorly produced in Eastern, Southern, South Western and Rift
valley areas of the country. Since 1970’s, more than 50 common bean
varieties have been released for different ecologies of specific common
bean traits. In these five decades, though the improvement status of
common bean is not constant; the number of varieties released in
every ten years has been increasing linearly.

For the future, the common bean improvement is expected to be
enhanced with the support of molecular breeding method by which
specific trait to be inserted is done relatively easily provided that skilled
man power and all necessary materials are available. Due to its
economic and agro ecological importance, the improvement status of
common bean should be boosted through sharing the responsibility of
breeding system according to the agro ecology and preference criteria
of the farmers. In addition to this, it is one of the major legume crops
which bring foreign currency to the country and thus the common
bean crop improvement system has to be encouraged by the higher
officials more than what is being done now. Generally, gaps in
knowledge of the respective working researchers and agricultural office
extension workers, and facilities to undertake the breeding work need
to be addressed in order to boost the effectiveness of common bean
improvement in Ethiopia.
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