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Abstract: The most challenging in twenty first century is the cause and consequences of Climate change and variability. It is
hastening frequently by over population more in developing countries. Thus, it is affected several sectors, while Agriculture is
the most vulnerable for climate change. As a result both biotic and abiotic factors are bottle neck for food security and
sustainability. From abiotic factor, soil acidity is the frequently observed at area where received intensive rainfall due to top
soil and metallic elements washed out. Soil acidity is arsenic, and causes abortion of expected production, especially
susceptible crops such as Common bean. To overcome this problem, agronomic practices such as lime application, soil
conservation techniques and appropriate root traits were reported. Root system architectures traits such as higher basal root
number between 12 to 16, basal root whorl number of around 4, and shallow root angle of less than 15° were reported suitable
to withstand soil acidity. Agronomic practices alone reported as it is tedious and also difficult to get complete genotypes with
full of desired acidity resistance root traits. Hence several reported explained that using the desired root traits for acidity
resistance genotypes and important agronomic practices obtained more valuable results as form of integration. Therefore, using
the appropriate root traits and agronomic practices support with each other to reduces the syndrome of soil acidity impacts.
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expected the actual productivity which is estimated to be
more than 3 t ha' indicating that around 1.3 tha'of the
expected yield is a lost every year [70]. This yield gap may
be the result of a less improved variety with desirable
characters, soil management, biotic, and abiotic factors. From
abiotic factors, the impact of soil acidity is most crucial in
south west Ethiopia where the region experiences high
rainfall [30].

Acid soils comprise up to 50% of the world's potentially
arable land and thus, are significant limitation to crop
production worldwide [30]. In Ethiopia, a recent study
showed that about 43% of the Ethiopian arable land has been
affected by soil acidity and has resulted in substantial
production losses [21]. This may be due to different factors
such as high rainfall, frequent use acidic fertilizers and
intensive agricultural practices.

Acid soils are a major causes of P fixation in soil, increase
Al *"ion and promote other cat ion elements deficiency in the
phase of soil colloid which substituted by H', Fe*", and Mn *".

1. Introduction

Common bean is one of the most important from legume
crop and diversified over the world. It is used as a source of
nutrition, income-generation, improve soil fertility [6]. In
food security, it plays a substantial role for farmers due to its
early maturity, nutrient compositions, wider in adaptation,
higher tolerance of harsh conditions than other legume
species and nitrogen fixer [20]. Thus farmer in different
region called its name “Dafe” which mean ‘early maturing’
in Afan Oromo language in Ethiopia. Hence, the common
bean holds great promises for fighting hunger, due to its early
mature. This desirable trait has contributed in diversifying
and production about two-fold in the last decade.

Common bean is the second most important pulse crop in
terms of productivity and area of production in Ethiopia [62].
The production was 520.8 t thousand and the area of
production was 306,186.6 ha in 2018 with an average
productivity of 1.7 t.ha [17]. However, this is still below
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However, the deficiency of available P in the acidic soil was
oftenly reported [30]. Soil acidity reduced the overall growth
and performance of common bean which ultimately resulted
in a yield loss of about 60% regardless of their genetic
differences [61]. Therefore, to overcome this problem several
techniques are under study includes lime application,
tolerance variety development and integrate management.

Soil acidity could be managed through different techniques,
such as improving the farmland, reducing frequent use of
acidic fertilizers, reducing intensive cultivation and
development of acid tolerant varieties [65, 73]. Several
studies regarding the role of lime in improving in land
affected by acidity have been reported [2, 13, 73]. Lime
(Calcium carbonate) is a material or powdered form of stone
compound made up of calcium and carbonate which
dissociate in soil after reaction use to buffer acidity source to
change in to neutral pH value. However, practicing all
methods at small-scale farmers in developing countries may
not be easy. Integrated management option may, hence be the
best way and preferable approach.

Liming has several benefits including, buffering soil
acidity problem and reducing the toxicity effects of acidity
on beneficial microorganisms. Various experiments
conducted in different parts of the world showed that lime
application to the acid soils was effective and provided yield
increment more than 50% [12]. It play great role in
increasing the availability of plant nutrients such as Ca, P,
Mo, and Mg in the soil and reducing the solubility and
leaching of heavy metals [22]. However, using lime alone
has been causes several drawbacks such as high rate per unit
area, carbonation and so on to the small-scale farmer, it is
used as mechanism to reduce soil acidity effects in seldom
parts of the country. Therefore, using lime alone to combat
the impact of soil acidity is very limited to at accessible areas
and potential farmers.

The synergism effect of root system and acidity
amendments plays important role in alternatives and
complementary approaches in tolerance of soil acidity.
Hirpha et al reported that field screening of common bean
genotypes has demonstrated the presence of genetic
variability in tolerating soil acidity [30]. For instance,
Common bean genotype named New BILFA 58 (NB 58) was
identified as the most tolerant andRobal was sensitive
genotypes to soil acidity [30]. In addition, variability and
heritability among common bean genotypes in phosphorus
use efficiency was also reported [4, 79].

Use of desired root traits could be feasible and easy to
practice alone and combined with agronomic management
options, especially for the small holder farmers. In such cases,
root traits have got priority in plant characters to be
considered while developing acidity tolerant variety [13].
Roots are multicellular organs characterized by features such
as gravitropic response, endogenous branching, root hairs
and a protective root cap [38]. A common beat root
characters; shallow root angle, basal root whorl number,
lateral root length, phosphorus solubilizing root exudates,
mycorrhizal symbioses, and hypocotyls root number play a

great role in acidity resistance [31, 49; 56, 79]. Therefore, the
root system is a principal plant organ in developing acidity
tolerance in addition to providing absorption of water and
essential nutrients from the soil. Hence, selection of cultivars
with desired root traits could be used as a strategy to increase
the uptake of limited and sensitive nutrients such as
phosphorus and enhance grain yield of common bean in acid
soils through strong plasticity of the root system [54, 65].
However, studies looking for desired root traits in relation to
nutrient uptake under acid conditions are very limited [30, 73,
13]

This report was most important for guiding the exploration
of such important characteristics of crops and identifying
varieties with those characters. Therefore, it is of paramount
importance to assess integrated approaches including use of
local varieties with desirable root traits options to alleviate
the problem of soil acidity and ultimately improve nutrient
uptake for improved grain yield. Therefore this review was
focused on importance of common bean root traits and
agronomic managements used for reduce acidity syndromes

2. Result and Discussion
2.1. Common Bean: It’s Biology and Ecology

Common bean (Phaseolus vulgaris L.) is a versatile
diploid (2n = 2x = 22) self-pollinated crop and the most
widely grown pulse in more than four continents [27]. It is
usually referred to as food legumes which belong to genus
Phaseolus, species vulgaris, family Fabaceae, subfamily
Papilionoideae, tribe Phaseoleae, sub-tribe Phaseolinae [59].

The center of origin is South America in andean region
(mainly Peru) and Middle America around southern Mexico
and high lands of Guatemala [18]. To confirm this, more than
50 genus Phaseolus wild-growing species distributed in
America [63]. It is believed that introduced into Ethiopia in
the 16™ century through Portuguese merchants [35].

Common bean is hermaphroditic, containing both the
stamen and pistil in the same flower which is regarded
primarily suitable for self-pollination [56]. It 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 ecologies [18].
It produces a dicotyledonous seed which is uses for source of
nutrients and covers the embryo.

Common bean may have different in size, color, and even
nutrients value based on their origin. The Andean lines have
larger seeds in which 100 seed weight is above 30 grams
while meso American lines are smaller seed size i.e., their
100 seed weight is less than 30 grams [64]. It exhibits
different characters like bush type determinate and
indeterminate, flat indeterminate and extreme -climbing
indeterminate types [50].

A Common bean is adapted to a wide range of climatic
conditions ranging from 600 to 3000 m above sea level but
depend on their genotypes [18]. However, it grows best in a
warm climate at a temperature of 18 to 24°C ranges, and
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altitudes of 1400 to 2000 m.a.s.l. [71]. Kay, D.E. reported
that the crop is well adapted to areas that receive an annual
average rainfall ranging from 500-1500 mm, and a frost-free
period of 105 to 120 days for maturity [37]. The soil type
which is suitable for optimum common bean production is
deep, friable and well-aerated soil types with an optimum pH
range of 6.0 to 6.8. The major common been producing areas
of Ethiopia are central, eastern and southern parts of the
country [14].

2.2. Common Bean Production Status in Ethiopia

The role of common bean in the society of the producers
and consumers is well known especially at small-scale
farmers. Thus majorities of common bean production
participants in the country are small scale farmers. The
amounts of different Ethiopian regions participated and
contributed in the common bean production is quite different.
For instance, Oromia region produces around 40%, SNNPR
(20%), Amhara (29%), Benshangul-Gumuz and Tigrary
produced around 1.5% independently, and the others
produced little in the lefted regions [14]. Furthermore due its
desired characters like early maturing less competition in
nutrients, intercrop common bean with production is more
diversified and preferred by the farmers.

Common bean is widely adapted, maturing early, improves
soil fertility and provides a source of nutrients [44]. Due to
its importance of multipurpose, production area and yield
increased year to year. It is the second in terms of area
coverage and production with 311583.58 ha and 552564.07t,
respectively [14]. The average productivity of the common
bean was 1.77t.ha” which is far less than the attainable yield
(2.5-3 tha™) under good management conditions. This low
yield is attributed to several production constraints, which
include lack of improved seed, edaphic factors, poor
agronomic practices, low integration, less advanced science,
intensive cultivation, and inappropriate field operations [57].

2.3. Common Bean in Soil Fertility Improvement

Soil conservation activities have been the oldest and
culturally practiced in the ancient period. The art of farmers
to improve his/her cultivation field was incredible and
extensive across farmers to farmers and place to place based
on arts of experiences, environmental conditions, and even
geographical topography. The uses of different species of
legume crop are the most common and frequently practiced
all over the world of agricultural field improvements.

The leguminous families of plants plays significant role in
soil improvements; include wild and edible types. However,
ratios and techniques of improvements are quietly different.
It is considered as most common ways of biological soil
conservation. In fact, without scientifically calculation,
farmers easily habituate the significant differences of
agricultural land treated with legume crop types. From the
listed important legume crops in soil improvement, common
is the commonly known and practiced and widely of agro
ecologies. Hence, it has substantial role in improving soil

fertility.

Legumes are using frequently as sources of nitrogen in
improving soil fertility through the presence of nitrogen-
fixing bacteria in specialized organs (nodules) on the legume
roots. There is fantastic report from global inorganic amounts
of nitrogen demand, 60% (3 x10° t N,) is met by symbiotic
nitrogen fixation, followed by chemical fertilizer (25%) [81].
This shows that the importance or role of legumes in
sustaining farming systems as world-wide. For instance,
common bean added 57 to 100 kgha™ of nitrogen through
fixing from the atmosphere through rhizobium bacteria [17,
29].

2.4. Status and Distribution of Soil Acidity in the World and
Ethiopia

In high rainfall areas of Ethiopia, soil acidity is a problem
and can lead to a decline or complete failure of crop
production [1]. The extent of acidity is believed to increase
from year to year due to major causes of anthropogenic
(man-made) activities. Although soil acidity is a serious
problem in the western and southwestern parts of Ethiopia,
in-depth studies are scant on the causes and extent of acidity.

Soil acidity is a serious agricultural and environmental
problem that limits the growth of crops and pastures in many
parts of the world [19]. Ethiosis reported than more than 43%
of Ethiopian farmland is affected by acidity [21]. This is
highly revealed in the area where sloppy, intensive rainfall
and utmost irrigated with excess acidifying fertilization [19].
For agricultural purposes, soils with pH values within the
range of 5.5 to 6.5 are more suitable than those with higher or
lower pH values

2.5. Soil Acidity and Phosphorus (P) Constraints

Soil acidity by itself has nothing or directly has no factor
on growth and developments of plants. However, highly
disturb natural flow system of macro and micro elements in
the soil. Several elements may affect by different
concentration level of acidity in the soil. However, the most
sensitive element is Phosphorus. Acidity attack P availability
in several directions. As acidity increase, solubility of
Aluminum (Al) is increase because it is the most abundant
elements in the soil. On the right hand, soil colloid is filling
with Hydrogen ion and adsorption capacity of soil is reduced.
On the left hand, Al” and H' compete with P absorption.
Even though try to overcome the gap of nitrogen constraints
through chemical N source application and atmospheric
nitrogen fixation, major nutrients such as Phosphorus (P) is
become chronic problem in all over the world, specifically
revealed frequently in Sub-Saharan African countries due to
different reasons.

Most developing countries soils revealing low in P and
depleting rapidly [25]. This is happening due to collect
animals’ product and crop residue from a field for fire wood.
This causes boring agricultural commodity and less
production. More, small scale farmer use low fertilizer rates
since dominated major portion of developing countries such
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as Ethiopia. To secur food to the rapidly increasing
population in developing countries, the need for P fertilizer
and cost is expected to be increased [13]. The other challenge
in P fertilizer is 70-90% fixed in the soil without contribution
to the production [33].

Common bean with improved root traits were able to
unlock and absorb P nutrient from the soil to tolerate acidity
hindrances, and exudates hormone to increase soil volume
via symbiotic relation with micro organism. The released
organic compound creates mutualism within fauna and flora
in the soil through root system and will expect to protect
natural sustainability [61]. Through a better understanding of
root nutrient acquisition under variable nutrient availability,
it may be possible to selected a crop of better root traits to
improve nutrient acquisition in specific environmental
conditions and to increase agricultural productivity [15].

The other important characteristics for soil fertility
improving is through symbiosis relation with rhizobium
bacteria, mycorrhizal fungi, releasing organic acid into the
soil and increasing root surface area [16]. The external
hyphae permit the roots to tap large capacities of the soil,
thereby absorbing P from non-labile sources and conveying it
to the plant in exchange for organic elements released in soil
by roots [81, 25, 16]. Through this relationship, roots absorb
P which would otherwise be inaccessible to them from P
deficient soils [69]. Therefore, the production of common
bean has been a vital role in the cropping system by
providing locked nutrients in the soil by unlocking, its
cheapest and most effective approach to maintain
sustainability in agriculture.

Soil acidity has a negative impact on seedling emergences,
survival, establishment, root growth, nodulation and yield in
common bean production [51]. The survival and the function
of beneficial organisms such as rhizobia and mycorrhizae
may also be inhibited by soil acidity. The detrimental effects
of soil acidity normally occur when the soil pH falls below
4.8 measured in CaCl, and are mainly due to toxicities of Al,
Mn and to some extent of H' ions [11]. In addition,
deficiencies of essential nutrient elements such as Ca, Mg, P,
and Mo may also be involved [11].

In general, some influence of soil acidity on soil fertility
and plant growth is a detrimental chemical condition of the
soil reducing crop growth and yields. Greater quantities of Al,
Fe, and Mn are toxic to almost all cultivated plants. The high
concentration of these cations interferes with nutrient uptake,
sugar phosphorylation and DNA synthesis [72]. In particular,
nodule formation is sensitive to low soil pH and associated
factors, e.g. Al and Mn toxicity, Ca deficiency and high soil
temperatures [78].

2.6. Soil Acidity Management

2.6.1. Acidity Buffering Materials

Acidity is normally indicated by different levels of H' in a
solution. Several materials are used to fix acidity problems in
soils conditions. Liming is the cheapest and effective
technique to buffer such a problem. However, liming has
different advantages and disadvantages to the farmland [24].

Liming has several benefits including, its ability to reduce the
toxicity effects of some microelements by lowering their
concentrations while increasing the availability of plant
nutrients such as Ca, P, Mo, and Mg in the soil and reducing
the solubility and leaching of heavy metals [22]. Crops
absorb most of these nutrient elements particularly Ca, P, and
Mg in substantial amounts and therefore by increasing their
amounts in soil crop yields can be significantly improved.
Various experiments studied in different parts of the world
showed that lime application to the acid soil was effective
and provided yield increment more than 50% [2, 12, 73]. In
Ethiopia, the application of 2.7 t ha' lime and 30 kg ha™ of P
was shown to result in higher grain yield as well as an
economic advantage in common bean production [73].

Currently, liming is widely used in different acid affected
soil in many countries including FEthiopia. The main
drawback of liming is the high rate per unit area which
demands higher costs for transportation and application. In
addition, it may cause carbonation, sulfate attaches and
environmental impacts [34]. Therefore, using lime alone to
combat the impact of soil acidity is very limited to accessible
areas and potential farmers. To improve such controversy,
supporting with alternative and complementary approaches
of controlling soil acidity having synergetic effects of each
other could be an important solution.

2.6.2. Common Bean Role in Soil Acidity Management

Terrestrial flowering plants were developed from above
and under-ground crucial organs. These organs adapted to the
environment and responses to the influencing factors
accordingly. The role of the root system in plant adaptation
to nutrient limitation in the soil is not a singular issue [4].
The root is a fundamental component of plants [16] and it is a
complex organ, and varieties of traits tedious to study. Plant
root systems comprise a set of phenes (basic units of the
phenotype) and root traits that interact with the environment,
and are the identifiable units of the root phenotype [65].

Root architectural phenes are supported by root in
morphology, anatomy, symbiotic, and biochemical products
exudates from root surfaces. Spatially and temporally root
architectural phenes are determined by root axes [47]. Every
crop successive in acid soil is highly relied on phenotypic
characteristics of the root, while adaptations to soils put in to
give up stability and nutritional security in the face of
nutrient deficiency through the total application of root
system architectures accordingly.

Root system architecture (RSA) refers to in situ spatial
distribution of the root system considering within the rooting
volume, tap root, lateral roots and root hairs [25]. The root
architectural traits include three general categories:
topological properties (describing the pattern of root
branching), geometric properties (the presence of roots in a
spatial framework, such as the growth angle of root axes) and
physiological properties such as root growth rate, root
exudation and root water and nutrient use efficiency [16, 35,
42]. Root system architecture determines the crop capacity to
acquire nutrients in the dynamic and variable soil
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environment [60].

Root systems are complex and a variety of root phenes
have been identified as contributors to adaptation to soils
with low fertility and aluminium (Al) toxicity. [48]. plants
have evolved several strategies to deal with low soil P
availability, including the exploration of a greater soil
volume by changing root length and architecture; the
differential allocation of root biomass in soil layers where
there is a higher P concentration; the bio-stimulation and
protocooperation with rhizosphere microorganisms that have
P mobilization traits; the increase of P concentration in the
soil solution through the root exudation of chemically active
organic compounds into the rhizosphere; and an increase of P
use efficiency by modifying their own physiology of tissue P
allocation and use [80, 47]. More specifically, to increase the
concentration of soil solution P, some plants exude organic
acid anions (OAs), such as citrate, oxalate, and malate, and
also enzymes, such as phosphatases into the rhizosphere [36].

2.7. Responses of Different Varieties of Common Bean to
Acidic Soils

Crop plants showed different responses to the stresses of
edaphic and climatic factors. These characters support to
withstand and resists current and future harsh environmental
conditions. This noble characteristic of plants highly
governed by genetic action the crop physiology. Hence,
several crop plants reported their responses to soil acidity and
P availability is limited. Regarding this problem of the crop
in identification of genetic diversity, most genetic and
physiological studies have focused on the major cereal crops
such as wheat, rice and maize [30, 40]. Moreover, it is
suggested that more attention should be paid to studies in
crops which less attention given but high potential to resist
acidity by their natural mechanism such as common bean
[82].

In the tropics, several researchers have demonstrated
genetic differences of common bean in tolerance to low-P
conditions, i.e., the ability to produce economic yields with
suboptimal P availability [66, 74, 75]. In at least one case,
recommendations for P applications were tailored cultivar by
cultivar, from 0 to 42 kg P/ha, depending on the P
requirements of the specific genotype. For instance, Thung,
M, reported that from several genotypes of common bean,
Carioca is mostly grown in Brazil for such cases [75].

Similarly, few of African countries tried to investigate the
varietal differences among the common bean genotypes
including Ethiopia. Rwandaa climbing bean from Mexico,
(2333, has gained great popularity among small farmers and
is doubling yields over traditional bush cultivars in the
central plateau [49]. They also demonstrate that low-P
tolerance is not incompatible with high yield potential. In
addition, Hirpha etal reported that varieties of common bean
were available for P deficiency tolerant [30]. Several
scientists proved out the most important traits to tolerate soil
acidity in common bean is root traits and structures [31, 73,
13]

2.8. Root Traits of Common Bean Under Acidic Soils

Every root trait has own role in scavenging soil nutrient in
the soil. Soil with low phosphorus content is expressed higher
degree (> 45) of root angle for searching available phosphorus
in a soil. Superior root traits morphological (root length, root
hairs) and physiological traits (root exudation of protons and
phosphatase enzymes) that can enhance their dissolution and
capture from the soils, can play a central role [25].

The following adaptation mechanisms to low-fertility soils
or toxicity to soil acidity have been reported: release of
phenolic compounds, mucilage formation and pH barrier
resulting from increased pH in the rhizosphere [76] and
organic acid exudation [26]. Roots of several plant species
secrete organic acids in response to Al, which are mediated by
membrane transporters, resulting in the formation of non-toxic
complexes with the metal. Thus, this mechanism prevents Al
from crossing the plasma membrane into the symplast.
Although organic acid exudation is a conserved Al tolerance
mechanism being present in different plant species [41].

Root growth, development, and distribution across the soil
profile are adversely affected by soil chemical constraints
[28]. Improved adaptation of a crop to infertile soils can be
achieved by two general approaches: the growth environment
may be altered, or the plant genotype may be improved.
Often a combined approach is the most effective. However,
understanding the mechanisms by which plants adapt to
infertile soils is critical for creating efficient strategies to
develop stress-resistant cultivars for the sustainable
intensification of production systems.

Defining specific mechanisms of adaptation to these soil
constraints can contribute to the development of high-
throughput phenotyping protocols improving the efficiency
of the genetic improvement line up. Many common measures
of the root system and individual root properties are
examples of phene aggregates that are influenced by several,
more elemental root phenes, and some are partially
functional responses dependent on plant performance [80].

Generally, the long, dense root hairs, and the architectural
phene of shallower basal root growth are synergetic for
phosphorus acquisition [54]. The selection for root traits in
common bean genotypes should preferentially be performed
at the early pod-filling stage [4]. The other problems of soil
acidity is syndrome of toxicity elements such as Al, Mn and
H ion toxicity limits root growth by restraining crops from
reaching their yield potential [65]. This syndrome of soil
acidity in crop production is steady grown from year to year
due to natural and manmade causes. While to feed the current
population of African continent which is more than 5 billion,
soil fertility and healthiness problem is another headache in
twenty first century. Therefore, improved varieties with
appropriate mechanism to resist acidity syndrome will be the
hope to sustain future production and productivity.

2.9. Nutrient Availability and Its Impacts on Root Traits

The fertility of the soil is non-static or not fixed
characteristics of a soil. Root architectural plasticity might be
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an important factor in the acquisition by plants of immobile
nutrients [3]. This means the fertility of the soil is either
improved to rise or reduced when frequently used every year.
While fertility of the soil is the issue of surviving of every
individual organism in the food chain, the conservation
strategy is still not really standardized, especially in
developing countries. However, different methods of
improving techniques are still ongoing.

The root system is directly contacted and interlinked with
soil fertility and sustainable production of any crops.
Indirectly the phsico-chemical characteristics of soil are
expressed on the plant parts above ground through the
growing period. The symptom revealed on the plant parts
could be talk about the availability of the soil chemical
existence in the soil. Every deficiency, optimum and excess
level of soil essential element expressed directly related to
above-ground plant parts and even roots characteristics.

The impact of soil nutrients availability on leguminous is
the frequently raised and known on root structural surfaces.
Mineral deficiencies other than P did not cause changes in
the root angle [3]. Effects of P availability on root angle were
associated with reduced shoot P concentration but preceded
effects on plant biomass accumulation and leaf area
expansion [43]. The relative immobility of P in soil renders
the spatial configuration of a root system that was important
for P acquisition. All root extension rate, lateral branching,
and gravitropism are contribution of root architecture [3].
Root systems respond plastically to localized availability of

nutrients such as P by proliferating roots in these patches [78].

2.10. Phosphorus Deficiency in Common Bean Production

In resource-poor farming, acidity induced nutrient
deficiency is one of the constraints for the cultivation of
common bean [9, 8]. P is the most deficient nutrient in acid
soils particularly when its concentration in the soil is less
than 40 mg P kg™ soil [55]. Of the tropical soils, 43% are
acid-weathered and if arranged in increasing order of
weathering they are Andisols<Ultisols<Oxisols [54] and
possess capacities to fix P in the range of 70 to 90% of P
applied as inorganic fertilizers [68]. Because common bean
requires P to enhance energy for its metabolic activities, the
crop possesses high requirements for P and is, hence
sensitive to low plant-available P in soils [10]. According to
Kimani etal, P deficiency accounts for common bean yield
loss of 253 kg ha™ yr' in East Africa [39]. That crop loss is
equivalent to a monetary loss of $ 303.6. In order to address
P deficiency for common bean and inability of smallholder
farmers to afford P fertilizers, the International Center for
Tropical Agriculture (CIAT) has spearheaded breeding
programs in which several bean genotypes were screened for
the ability to thrive in P-deficient soils [7, 46].

The common bean genotypes studied in acidity tolerant
provided a yield of up to 1.4 t. ha”', which better than the
yield of 0.75 tha™ of the local common bean genotype grown
on P-deficient soils [46]. Besides, the mechanism by which
those new genotypes can thrive in P-deficient soils is not yet
to be investigated. For example, whether the genotypes

develop deep and massive root systems capable of exploring
and extracting P and moisture from the deep soil layers needs
to be explored.

Common bean has evolved several mechanisms for
surviving under low levels of soil P. The main mechanisms
are P acquisition efficiency and/or P utilization efficiency [5].

2.10.1. Phosphorus Acquisition Efficiency Mechanisms
Phosphorus acquisition efficiency can be achieved by the
development of root architecture capable of foraging the
nutrient [56]. In addition, it is the ability of a plant to
mobilize and absorb more P from the fertile soil layers [5].
Phosphorus plays a vital role in increasing legume yield
through its effect on the plant itself and also on the nitrogen
fixation process by bacteria. For example, it is widely
reported that phosphorus stress may led to reduced growth,
and yield in field crops, including legumes, such as common
bean [58]. Phosphorus stress reduces nitrogen fixation due to
decreased nodule formation and reduced nodule sizes, and
finally affecting the yield, and grain quality and quantity [61]
Root hairs are effective in extending the width of the P
depletion zone around the root through increasing the volume
of the soil explored for phosphorus. Root hairs substantially
increased the root surface area for ion uptake. Some plant
species/genotypes are adapted to produce longer and more
root hairs under P deficient conditions [8, 9]. Miller reported
that greater production of adventitious roots in common
beans helps in P acquisition by improving plant foraging in
the most P rich soil environment [56], while Beebe etal noted
that basal root development has been responsible for efficient
P acquisition [8]. In their separate studies, [9] observed that
the shallower the basal root angle, and the greater total root
length and root length of basal roots in the top 30 cm area,
the greater the P uptake in the P limiting environment. Thus,
the difference in these root traits elucidates the differences
among common bean genotypes in P acquisition efficiency.

2.10.2. Phosphorus Utilization Efficiency

Phosphorus application improved rate of P supply to the
soil or an improved ability of the plant to absorb P, when Al
toxicity has been eliminated, and enhanced the vegetative
growth of common bean which resulted in increased dry
biomass yield [45]. Large difference in biomass production
among two different common bean varieties, in which P-
efficient common bean varieties adapted better to the acidic
soil conditions than the P-inefficient common bean varieties
and showed greater biomass, especially under applied
phosphorus.

3. Conclusion

Biotic and abiotic factors are commonly known plays role
as positive or negative effects with each other to achieve their
food chain and complex. The acts of an organism may cause
either positive or negative on the other organisms. The
physical appearance change on the phase of the earth
happened of this result. However, the speed of biotic factor to
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change nature is faster than natural change. Fairly, soil
acidity is believed to be existed as natural on the soil surface.
However, the act of anthropology hurried its dissemination
through agricultural and industrial by products. The major
commonly known sources of soil acidity are intensive rainfall
may cause leaching of metallic ion on the surface of soil
colloids and use of acidic source fertilizers. Currently, around
highland areas of countries like Ethiopia it may cause yield
loss around 60%. Thus it needs especial intervene to
overcome such production hindrances. Lime application, and
soil conservation practices the early action taken to reduce
the impacts of acidic soil in production. Further use of acidic
tolerant genotypes is more appropriate and sustainable
solution for soil acidity problem. Finally, several traits may
be indicated to reduce the impacts of acid soil. More use of
appropriate crop varieties with desired traits such as root
traits, and other genetic relation is recommended. To achieve
sustainable acidity tolerant and reduce its impact, using the
synergism of both agronomic practices and appropriate
acidity tolerant crop genotypes may have play substantial
role in to reduce acidic problems such as soil conservation
and lime application give solution for the problems.
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