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Abstract: Common bean (Phaseolus vulgaris L.) is a food legume grown on more than four million hectares annually in Africa. It provides 

dietary protein for over 100 million people in rural and poor urban communities, with an annual per capita bean consumption of 50 to 60 kg 

in Eastern Africa being the highest in the world. Common bean provides proteins, essential amino acids, minerals such as Fe, Cu, Zn, P, K, 

Mg and Ca, starch and dietary fibre which are less or absent indiets of of subsistence farmers in Africa and South America often contain 

high carbohydrates (through cassava, maize, rice, wheat. Eventhough the crop has this much contripution in the daily livelihood of the 

society, its production is affected by some biotic and abiotic factors. Soil acidity affects the bean production through different mechanisms 

including Aluminium and Mangans toxicity and inhibition of essential nutrient(P, K,N) avaliability to the crop. Aluminuim toxicity affect 

the growth and development of the crop by restricting root growth and enlongation. Even though Aluminum toxicity reduces both root and 

shoots growth, the most easily recognized symptom of A1 toxicity is the inhibition of root growth, and this has become a widely accepted 

measure of Al stress in plants. Common bean can tolarate Al toxicity through different mechanisms. Aluminum tolerance can be divided 

into mechanisms that facilitate Al exclusion from the root apex (external tolerance mechanisms) and mechanisms that confer the ability to 

tolerate Al in the plant symplasm (internal tolerance mechanisms) 
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1. INTRODUCTION 

Common bean (Phaseolus vulgaris L.) is the most 

important food legume for more than 300 million people, 

most of them in the developing world [1]. Common bean, 

locally known as „Boleqe‟ also known as dry bean, 

Haricot bean, kidney bean and field bean is a very 

important legume crop grown worldwide and it is one of 

the most important and widely cultivated species of 

Phaseolus in Ethiopia. It is a major staple food crop in 

Africa. In a continent where over 30% of the households 

live below the poverty line [2], beans are valued as one of 

the cheapest sources of protein for vulnerable sections of 

the population, particularly the poor. It is an annual crop 

which belongs to the family Fabaceae. It grows best in 

warm climate at temperature of 18 to 24oC [3].  It is one 

of the principal food and cash legumes grown in the 

tropical world and most of the production takes place in 

developing countries [4]. Its high protein content (20-

25%) supplements diets based on cereals, root and tuber 

crops and banana; a balanced diet can be obtained if 

cereals and legumes are consumed in the ratio 2:1[5]. 

Common bean is most likely introduced to Ethiopia by the 

Portuguese in the 16th century [6]. Common bean 

production is very heterogeneous in terms of ecology, 

cropping system and yield. It predominantly grows from 

low land (300-1100 m.a.s.l.) to mid highland areas (1400-

2000 m.a.s.l.) of the country. It 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. Moreover, 

it performs best on deep, friable and well aerated soil 

types with optimum pH range of 6.0 to 6.8 [7]. Major 

common bean producing regions are central, eastern, and 

southern parts of the country and in central Ethiopia; 

farmers grow early maturing white pea bean types for 

export as their cash crop [8]. Common bean (Phaseolus 

vulgaris L.) is a food legume grown on more than four 

million hectares annually in Africa. It provides dietary 

protein for over 100 million people in rural and poor 

urban communities, with an annual per capita bean 

consumption of 50 to 60 kg in Eastern Africa being the 

highest in the world [9]. However, these benefits derived 

from the crop are challenged in many parts of the 

continent by multiple constraints that limit productivity 

[10]. Diets of subsistence farmers in Africa and South 

America often contain high carbohydrates (through 

cassava, maize, rice, wheat, (extra), but are poor in 

proteins [5]. Common bean provides proteins, essential 

amino acids, minerals such as Fe, Cu, Zn, P, K, Mg and 

Ca, starch and dietary fiber [5]. In nutritional terms, beans 

are often called the “poor man‟s meat” because they are a 

source of inexpensive protein and rich in minerals 

(especially iron and zinc) and B-vitamins [11]. However, 

in addition to the nutritional components, beans also 

contain some anti-nutritional factors such as protease 

inhibitors, tannins, and phytic acids [12]. In Ethiopia, 

Common bean is grown predominantly under smallholder 

producers as an important food crop and source of cash. It 

is one of the fast expanding legume crops that provide an 

essential part of the daily diet and foreign earnings for 

most Ethiopians [13]. It is considered as one of the most 

important grains for human alimentation and is planted 

worldwide on approximately 26 million hectares [14]. The 

current national production of common bean in Ethiopia is 

estimated at 323,317.99 hectares; with a total production 

of 513,724.807 tons and average productivity of 1.59 tons 

per hectare [15]. The crop grows well at the altitude 

between 1400 and 2000m above sea level [16] and in 

warm climate at temperature of 18 to 24oC [3].  This wide 

range of growth habits of haricot bean among varieties has 

enabled the crop to fit many growing situations Soil 

acidity is a significant problem that agricultural producers 

in tropical and subtropical regions are facing and limit 
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legume productivity [17]. This is aggravated by the 

inherent poor fertility and acidity in most tropical soils 

[18]. Soil acidity occurs when there is a build-up of acid 

forming elements in the soil. The production of acid in the 

soils is a natural process; caused by rainfall and leaching, 

acidic parent materials and organic matter decay [19], 

hence many soils in high rainfall areas are inherently 

acidic [20]. About 40% of the Ethiopian total land is 

affected by soil acidity [21]. About 27.7% of these soils 

are dominated by moderate to weak acid soils (pH in KCl) 

of 4.5 to 5.5, and around 13.2% by strong acid soils (pH in 

KCl) <4.5) [21]. Acidic soils cause poor plant growth 

resulting from aluminium (Al+3) and manganese toxicity 

(Mn+2) or deficiency of essential nutrients like 

phosphorus, calcium and magnesium. Acidic soils cause 

poor plant growth resulting from aluminium (Al+3) and 

manganese toxicity (Mn+2) or deficiency of essential 

nutrients like phosphorus, calcium and magnesium. 

Restoring, maintaining and improving fertility of this soil 

is major priority as a demand of food and raw materials 

are increasing rapidly. Suitability of soils as a medium for 

crop growth and development considerably depend on its 

reaction. Liming acid soil make the soil environment 

better for leguminous plants and associated 

microorganisms as well as increase concentration of 

essential nutrients by raising its pH and precipitating 

exchangeable aluminium [22]. Availability of essential 

nutrients and biological activity in soils are generally 

greatest at intermediate pH at which organic matter break 

down and release essential nutrients like N, P and S is 

enhanced. Thus, the objective of this work is to review the 

works done so far on the breeding activities to develop 

common bean genotypes that are tolerant to acidic soil. 

 

2. Breeding common bean genotypes for 

Acidic soil Tolerance 

 

2.1. Description of the crop 

Common bean (Phaseolus vulgaris L), also referred to as 

dry bean, is an annual leguminous plant that belongs to the 

genus, Phaseolus, with pinnately compound trifoliate large 

leaves [23]. Cultivated forms are herbaceous annuals, 

which are determinate or indeterminate in growth habit. 

On germination, the plant is initially tap-rooted, but 

adventitious roots emerge soon thereafter, and dominate 

the tap root which remains 10-15 cm in length [24]. 

 

2.1.1. Origin, domestication and distribution of 

common bean 
The genus Phaseolus L. includes numerous wild and 

cultivated species that originated in the New World, the 

exact number is still unknown [25]. Common bean 

belongs to family Fabaceae, subfamily Papilionoideae, 

tribe Phaseoleae [26]. The common bean was originated in 

Tropical America (Mexico, Guatemala, and Peru), but 

there are also evidences for its multiple domestication 

within Central America [7]. There are four major gene 

pools; namely Mesoamerican, Andean, Northern Andean 

and Columbia. Two major gene pools of common bean 

were first recognized in the wild form, Mesoamerican and 

Andean [27]. It was most likely introduced to Ethiopia by 

the Portuguese in the 16th century [6]. Common bean was 

domesticated independently in two centers of diversity, 

giving rise to two gene groups: Mesoamerican and 

Andean [11]. The evidence for the existence of these two 

gene pools was supported by phaseolin seed proteins [28], 

allozymes [29], morphological traits [30], and DNA 

markers [31]. 

2.1.2. Morphology and Botanical characteristics of the 

crop 

Most beans are herbaceous annuals, although, under 

tropical conditions, some beans (such as large limas) may 

behave as short-lived perennials. Seeds are non- 

endospermic and vary greatly in size and colour from the 

small black wild type to the large white, brown, red, black 

or mottled seeds of cultivars, which are 7-16 mm long 

[32]. The common bean flower has an elongated twisted 

keel containing the style and ten stamens. Inside the 

flower the anthers drop pollen on to the style in the 

evening before it opens. Seeds may be round, elliptical, 

somewhat flattened or rounded elongate in shape and a 

rich assortment of coat colours and pattern exists. 

Common bean shows variation in growth habits from 

determinate bush to indeterminate, extreme climbing 

types. The bushy type bean is the most predominant type 

grown in Africa [33]. 

 

2.1.3. Crop Development 

Beans show a high variation in growth habit, which 

appears to be continuous from determinate bush to 

indeterminate, extreme climbing types although for 

Simplicity, [34] classified the bean growth habits into four 

major classes (type I = determinate upright or bush; type 

II = indeterminate upright bush; type III = indeterminate 

prostrate, non-climbing or viny semi climbing and type IV 

= Indeterminate strong climbers) and suggested a key for 

their identification based on the type of terminal bud 

(vegetative vs. reproductive), stem strength (weak vs. 

Strong), climbing ability (non climber vs. strong 

climbers), and fruiting patterns  (mostly basal vs. along 

entire stem length or only in the upper part). 

 

2.1.4. Ecology of the Crop 

Common bean is a warm-season crop that does not 

tolerate frost or long periods of exposure to near-freezing 

temperatures at any stage of its growth. However, high 

temperatures (>30ºC) can cause flower blasting (dropping 

of buds and flowers; [35], which reduces yield. In general, 

flower and pod abortion rates in bean may vary between 

60-80% [36]. Common bean 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. Dry weather is 

desirable for the maturation of the crop and for harvesting. 

Late rains may also discolor the beans and lower their 

grade and market value [37]. Moreover, it performs best 

on deep, friable and well aerated soil types with optimum 

pH range of 6.0 to 6.8 [7]. 

 

2.2. Common Bean Production and its Economic 

Importance in Ethiopia 

Common bean is the world„s most important grain legume 

for direct human consumption [5], with 20.3 million tons 

of dry beans harvested from 27.9 million ha worldwide in 

2008 (FAOSTAT, 2010). It is cultivated primarily for dry 

seeds, green pods (as snap beans), and green-shelled seed. 

There are wide ranges of common bean types grown in 

Ethiopia including mottled, red, white and black varieties 
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[38]. The most commercial varieties are pure red and pure 

white color beans and these are becoming the most 

commonly grown types with increasing market demand 

[39]. Common bean production is heterogeneous in terms 

of ecology, cropping system and yield [40]. Common 

bean is grown predominantly in low land area (300-

1100m) mainly in the rift valley and some mid highland 

areas (1400-2000m) of the country. Common bean 

produced in the rift valley is mainly white pea beans that 

are preferred for export markets [41]. Beans offer a low 

cost alternative to beef and milk because bean seed is rich 

in protein, iron, fibres, and complex carbohydrates [42]. 

Ethiopian farmers grow beans for two major consumption 

uses namely: canning and cooking types. The white navy 

beans are grown for export canning industry and other 

types are mainly for households‟ food for national and 

regional markets. In Ethiopia, dry beans are grown by 

small scale famers. They are major source of proteins in 

the lowlands where they are consumed as Nifro, Wasa, 

Shirowat, soup and samosa. They are important export 

crop especially navy beans from the Central Rift Valle 

region and some parts of east and west highlands. With 

regard to economic importance of common bean, it is used 

as a source of foreign currency, food crop, means of 

employment, source of cash, and plays great role in the 

farming system [8]. 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 grown for its green leaves, green pods, and 

immature and/or dry seeds. 

 

2.3. Acid Soils 

Acid soils, which are soils having a pH of 5.5 or lower, is 

one of the most important limitations to agricultural 

productions worldwide. Approximately 30% of the 

world‟s total agricultural land is covered by acid soils, and 

as much as 50% of the world‟s potentially arable lands are 

acidic [43]. Acid soils mainly occur in two global belts: 

the northern belt of organic acid soils in the humid 

temperate zone, and the southern belt of mineral acid soils 

in the humid tropics. The tropics and subtropics account 

for 60% of the acid soils in the world. In tropical areas, 

about 43% of the soils are acidic comprising about 68% of 

tropical America, 38% of tropical Asia, and 27% of 

tropical Africa [44]. In Ethiopia, soil acidity is a problem 

that has been barely addressed. It is observed that most of 

these soils are found in the highlands receiving high 

rainfall [45], which amounts to greater than 1500 mm per 

year. An inventory of the current soil acidity status in 

western and central Ethiopian Nitsols was carried out in 

West Wollega, East Wollega and West Showa zones by 

[46], indicated that collected from the three study zones 

were acidic and the degree of soil acidity varied among 

the study zones, districts and peasant associations. As a 

case in point, a site-specific study of soils around Asosa 

and Wollega revealed that, in aggregate, 67% of the soil 

samples have pH values less than 6 and some are very 

strongly to strongly acidic [47]. Of these, 2.2% were 

extremely acidic (pH < 4.5), 34% were very strongly 

acidic (pH 4.5 to 5.0), 32.8% are strongly acidic (pH 5.1 

to 5.5.) and 27% were moderately acidic with a pH range 

of 5.6 to 6.0. Of the total, only 3% are slightly acidic (pH 

6.1 – 6.5), and 1% was neutral. Soil acidity constrains 

symbiotic N2 fixation [48], limiting Rhizobium survival 

and persistence in soils and reducing nodulation and 

causes nutrient imbalance [49]. Increased soil acidity may 

lead to reduced yields, poor plant vigour, and nodulation 

of legumes [50]. [51] indicated that multiplication of 

Rhizobium in the rhizosphere and nodulation were 

inhibited at pH 4.3. Soil pH relates to both soil‟s capacity 

to supply nutrients and to its aluminium and manganese 

toxicity problems [52]. Common beans are sensitive to 

high concentration of aluminium, boron and sodium [53]. 

 

2.3.1 Common Bean Production on Acid Soils 

Common bean often experiences different a biotic stresses 

including drought, toxicities of Al and manganese, low 

soil fertility, and high temperatures under field conditions, 

[54]. Among these, Al toxicity and drought are the two 

major a biotic stresses for bean production in the tropics 

[54]. About 40% of the common bean production areas in 

Latin America and 30–50% of central, eastern, and 

southern Africa are affected by Al phytotoxicity resulting 

in yield reductions of 30–60% [26]. The majority of soils 

in East Africa also have pH limitations for bean growth, 

with 52% of soils in this region and 42% of soils in 

southern African having a pH of 5.2 or less [55]. Common 

bean is considered to be relatively more sensitive to Al 

toxicity compared to other crops [56]. However, in 

contrast to maize (Zea mays L.), in common bean, Al 

applied to the elongation zone of the root apex contributed 

to the overall inhibition of the root elongation [57]. The 

major sites of Al perception and response are the root 

apex [58], and the distal part of the transition zone (1 -2 

mm) is the most Al sensitive apical root zone [59]. 

Common bean exhibits a typical pattern II type of 

response to Al treatment characterized by a delay of 

several hours in Al induced exudation of organic acids, 

particularly citrate [60]. However, efforts to develop 

adapted genotypes indicate that there are genotypic 

differences in Al resistance in the bean germplasm [1]; 

[61]. Like many legumes, common beans prefer well 

aerated, sufficiently drained soil with a pH of 6.0 to 7.5, 

the critical pH thresholds being 5.0 and 8.1 [62]. Common 

bean generally cannot withstand waterlogging though 

some cultivars do well in standing water [63]. It is 

sensitive to Al, B, Mn and high levels of Na. Deficiencies 

in Zn, Mg and Mo may arise in calcareous soils and sandy 

soils, respectively [63]. The two major common bean 

producing regions in Ethiopia are Oromiya and Southern 

Nations, Nationalities and People‟s Region (SNNPR), 

which produce 70 and 60 thousand tons per year, 

respectively, and these two regions make up 85% of the 

total production [8]. 

 

2.3.2. Effects and Mechanisms of Aluminium 

Toxicity 

           According to [64], Al is the third most abundant element 

in the earth's crust, comprising about 7% of the total mass 

of the earth. [65] Considered that Al is one of the most 

abundant toxic elements with the ability to contaminate 

soil, water and trophic chains. Nonetheless, the specific 

biological functions of Al for animals and plants are 

unknown, and so it is not regarded as an essential element 

[66]. Fortunately, in terms of agronomic activity, most Al 

is bound to be in insoluble forms such as alumino-silicates 

and/or precipitated as Al hydroxide sulfate [67]. Al is 

solubilized from silicates and oxides (not toxic forms) to 
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Al3+, which is phototoxic only under conditions of low 

pH [68]. Even though Aluminum toxicity reduces both 

root and shoots growth, the most easily recognized 

symptom of A1 toxicity is the inhibition of root growth, 

and this has become a widely accepted measure of Al 

stress in plants. Some reports indicated that Al-induced 

leaf necrosis [69], leaf yellowing [49], stunted leaf growth 

[68] and late leaf maturity [70]  are effects of Al-toxicity. 

These changes were accompanied by a reduction in 

chlorophyll content [68] and photosynthesis rate and 

abnormal chloroplast structure [71]. The major constraints 

to the plant growth in acid minerals soils are: High 

hydrogen, aluminium, and manganese concentrations 

inducing toxicity; Low calcium, magnesium, potassium, 

phosphorus inhibition of root growth and water uptake, 

inducing nutrient deficiency and drought stress [72]. 

 

2.4. Aluminum Tolerance Mechanisms 

Aluminum tolerance can be divided into mechanisms that 

facilitate Al exclusion from the root apex (external 

tolerance mechanisms) and mechanisms that confer the 

ability to tolerate Al in the plant symplasm (internal 

tolerance mechanisms) ([73]; [74]; [64]). Due to the 

common assumption that most Al in the root is 

apoplasmic and that penetration of Al into the symplasm 

in general is very low, the amount of research addressing 

internal tolerance mechanisms is limited compared to 

research on external mechanisms. 

 

2.4.1 Genetic Mechanisms of Aluminum Tolerance 

Acidity in the surface soil can be corrected by applying 

agricultural lime. When the subsoil layers are acidic, 

amelioration of the surface layer will not allow the plant 

roots to penetrate the acid layer and reach critical water 

and nutrient supplies below it. Selection and development 

of genotypes with enhanced tolerance to acid soils and 

toxic levels of Al is the only reasonable solution to this 

problem. The genetics and chromosome localization of 

aluminum tolerance genes have been extensively studied 

in cereal crops, with emphasis on wheat. For chromosome 

manipulation in wheat and triticale breeding, it is 

important to know which wheat and rye chromosomes 

carry genes for aluminum tolerance [75]. 

 

2.4.2. Strategies for Screening for Aluminum 

Tolerance 

Different screening methods have been used to evaluate 

Al tolerance: cell and tissue culture [76], nutrient solution 

culture [77], soil bioassays [78], and field evaluations 

[79]. Laboratory and greenhouse-based techniques for 

screening for Al tolerance are widely used because they 

are quick, highly accurate, non-destructive, and can be 

applied at early developmental plant stages. Field-based 

techniques are more laborious [74]. 

 

3. Summery and Conclusion 

Common bean often faces different a biotic and biotic 

stresses including drought, toxicities of Al and 

manganese, low soil fertility, and high temperatures under 

field conditions. Out of these stresses Al toxicity and 

drought are the two major a biotic stresses for bean 

production in the tropics.  Al phytotoxicity affects 

common bean production areas in Latin America and 

central, eastern, and southern Africa resulting in yield 

reductions of 30–60%. Common bean is considered to be 

relatively more sensitive to Al toxicity compared to other 

crops. Al treatment of Common bean causes a delay of 

several hours in Al induced exudation of organic acids, 

particularly citrate. Al is one of the most abundant toxic 

elements with the ability to contaminate soil, water and 

trophic chains. In addition to reducing both root and 

shoots growth, the most easily recognized symptom of A1 

toxicity includes induction of leaf necrosis, leaf yellowing, 

stunted leaf growth and late leaf maturity. These changes 

were accompanied by a reduction in chlorophyll content 

and photosynthesis rate and abnormal chloroplast 

structure. Plant tolerates Aluminum toxicity can be 

through mechanisms that facilitate Al exclusion from the 

root apex (external tolerance mechanisms) and 

mechanisms that confer the ability to tolerate Al in the 

plant symplasm. Selection and development of genotypes 

with enhanced tolerance to acid soils and toxic levels of 

Al is the only reasonable solution to this problem. 

Different screening methods have been used to evaluate 

Al tolerance: cell and tissue culture nutrient solution 

culture, soil bioassays, and field evaluations. Laboratory 

and greenhouse-based screening techniques for Al 

tolerance are widely used because they are quick, highly 

accurate, non-destructive, and can be applied at early 

developmental plant stage. 
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