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ABSTRACT 
 

The study was carried out to assess the effect of different concentrations of exchangeable 
aluminum on yield and nutrient concentrations in the leaf tissues of two common bean genotypes 
grown in pots on limed and unlimed acidic soils. Factorial combinations of five aluminum rates 
and two common bean genotypes were laid out in a completely randomized design with three 
replications. Yield and leaf nutrient concentrations were markedly affected by aluminium 
application and the magnitude of this effect depended on the genotype, on the levels of aluminium 
applied, and liming regimes. On average, the genotypes suffered 10.8% (new BILFA 58) and 24.5% 
(Roba 1) reductions in grain yield when grown on unlimed soil than limed soil. Lime application 
increased nutrient content of the leaf (28.5% P, 36.9% Ca, 4.91% K and 14.7% N) and reduced 
aluminium (56.4%) concentrations in the leaf tissue compared to limed soil. It is concluded that 
applying aluminum significantly decreased yield and nutrient uptake of both genotypes under 
both liming regimes.  
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I. Introduction 

Highly weathered acidic soils of the tropics are characterized by a combination of nutrient deficiencies 
and mineral toxicities [26]. It is estimated that over 50% of the world’s potentially arable lands are 
acidic with pH < 5.5 [33]. Up to 60% of the acidic soils in the world are in developing countries, where 
food production is particularly critical. Common beans in Latin America and Africa are produced 
mainly on small farms and often on hillsides characterized by soils with low fertility, where nearly 
40% of production areas are affected by soil acidity and aluminium (Al) toxicity, resulting in a 30 to 
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60% reduction in production [4]. Physical as well as chemical soil degradation and depletion of soil 
fertility is a major constraint to agricultural production and food security in Ethiopian. Smallholder 
farmers have very limited capacity to invest in fertilizers or soil conservation measures. As a result, 
yields are low and many farmers are forced to put fallow and marginal lands into production to meet 
their food needs [5]. In Ethiopia, common bean is one of the most important cash crops and source of 
protein for farmers in many lowlands and mid-altitude zones. The country’s export earning is 
estimated to be over 85% of the other pulses, exceeding that of other pulses such as lentils, faba bean 
and chickpea [24]. Overall, common bean ranks third as an export commodity in Ethiopia, contributing 
about 9.5% to the total export value from agriculture [11]. Total national production was estimated at 
387,802.3 tonnes in the 2011/12 cropping season with the productivity of only 1.17 tonnes per 
hectare [6]. The average yields of common bean in Africa are very low with only 650 kg ha-1 [23]. The 
poor yields are partly due to poor soil fertility and productivity caused by acidic soils, which have low 
nutrient contents including Ca2+ [18] and Mo [17] and lack of compatible Rhizobium in the soil for 
adequate N2 fixation. To date, there is dearth of information on the effect of soil acidity on yield and 
nutrient uptake of plants in the country in general and common bean in particular. However, it is 
known that intense leaching of cations from the highly weathered soil aggravates the detrimental 
effects of soil acidity on crop production and often prompts smallholder farmers in the western part of 
the country to fallow their farmland or to cultivate relatively tolerant crops. However, research in 
different parts of the world indicates that there is considerable variability among crops and genotypes 
for soil acidity tolerance. This paper presents the results of a study conducted to determine the 
response of two common bean genotypes to liming and application of aluminium at different 
concentrations.  
 

II. Materials and Methods 

Eexperiment was conducted at Nekemte soil laboratory in western Ethiopia. Experimental site is 
located at 90 08’ N latitude and 36046’ E longitude with an altitude of 2080 metres above sea level. 
According to the weather data recorded at the Nekemte Meteorological Station, the average annual 
rainfall of the study site is 1300 mm, amounting to 725 mm for the experimental period (July – 
October) and the monthly mean minimum and maximum temperatures are between 10 to 15oC and 24 
to 28 0C (Figure 01). Soil used for the pot experiment has pH (H2O) of 4.81, exchangeable acidity of 
4.92 cmol(+)/kg soil, exchangeable Al of 3.1 cmol(+)/kg soils, and acid saturation of 53.3% before 
applying the treatments.  
 

 
Figure 01. Rainfall distribution and mean minimum and maximum temperatures of the 
experiment site (Nekemte) during the experimental period (June to October), 2011. 
 
 
From field (pH 4.5) and pot (pH 4.8) screening experiments conducted in 2009 and 2010, respectively, 
common bean genotypes named new BILFA 58 (NB 58) and Roba1 were identified as the most 
tolerant and sensitive genotypes to soil acidity, respectively. New BILFA 58 is a genotype with type III 
growth habit and large mean seed size (53 g per 100 seed) whereas Roba 1 is a small-seeded (22 g per 
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100 seed) commercial cultivar in Ethiopia with type II growth habit. Treatments consisted of a 
factorial combination of the two common bean genotypes (new BILFA 58 and Roba 1) and five rates of 
aluminium (0, 12.5, 25.0, 50.0, and 100.0 mg Al/kg soil). The different rates of aluminium were applied 
to the soil in the form of Al2 (SO4)3. The ten treatments were laid out in a completely randomized 
design with three replications. The experiment consisted of two sets with similar procedures. The first 
set consisted of plants grown on lime-treated soil whereas in the second set consisted of plants grown 
on lime-untreated soil. Seeds of the two common bean genotypes were sown in pots (18 cm x18 cm) 
each filled with 10 kg soil. At the time of planting, the soil was fertilized with phosphorus at the rate of 
92 kg P2O5 pot-1 per hectare(307 mg P2O5 pot-1) considering the soil bulk density of 1.5 g cm3 to the 
depth of 20 cm. Six seeds per pot were initially sown and later thinned to four plants when the first 
trifoliate leaves unfolded. The different rates of aluminium and lime were applied four weeks prior to 
planting the seeds and worked into the soil. Lime was applied at the rate of 20 g pot-1(9 ton/hectare) 
after determining by the incubation method. Pots were watered periodically with tap water to the 
approximate field capacity to facilitate normal plant growth. All the recommended agronomic 
management practices including weeding were applied as required. Date of emergence, percent 
emergence (stand count), date of 50% flowering (number of days from planting to when 50% of plants 
in pot had at least one open flower), and days to physiological maturity (number of days from planting 
to when 75% plants in a pot had at least 90 % of their pods dried [31] were recorded. Plant height and 
leaf area were recorded from four plants taken from each pot just at flowering. LAI was calculated as 
the ratio of total leaf area to ground area occupied by the plant. Leaf area was determined at 50% 
flowering by using CID-202 leaf area meter (CID, Inc., USA). At physiological maturity, the number of 
pods, primary branches per plant, and pod length were recorded from each pot. The number of seeds 
per pod was determined from 10 randomly sampled pods from each pot. Grain yield was recorded 
from all plants grown in the pots. Hundred seed weight was determined on 100 randomly sampled 
seeds from all plants harvested. Harvest index (HI) was calculated as the proportion of seed weight to 
the above ground dry weight (stem + leaves + pod + seed) at harvest.  
 
Plant samples were taken at the stage of vegetative growth, just before flowering. Samples were taken 
from fully grown mature leaves in the central nodal insertion of the plants. The harvested samples 
were washed with deionized water. Composite samples (200–500 g) fresh weights of leaves were 
dried at 70OC until constant dry weight was attained. Dried plant samples were ground to fine 
particles that could pass through a 0.5 mm sieve. Ground samples were kept in air-tight polyethylene 
containers to prevent absorption of water from the humid environment. The samples were stored at 
0OC in the dark until analysis in the laboratory. Twenty hours prior conducting to elemental analysis, 
the samples were re-dried in an oven (90OC) to constant weights [15]. Five gram of each plant sample 
was ashed in an electric furnace at 550oC for 24 hours. The resulting ash was cooled in a desiccator 
and weighed. Ash was dissolved in a 2 ml concentrated HCl in to which a few drops of concentrated 
HNO3 were added. Solution was placed in a boiling water bath and evaporated almost to dryness. 
Appropriate dilutions were made before analysing for each nutrient (element). Calcium, magnesium 
and aluminium contents were quantified using atomic absorption spectrophotometer as described in 
the Association of Official Analytical Chemists, method 927.02, 920.09 and 928.03, respectively. 
Concentration of nitrogen in the shoot tissues was determined by the micro-Kjeldahl method 920.87. 
Phosphorus was determined by AOAC official method 931.01 by a spectrophotometer set at 650 nm 
[1]. Potassium concentration was determined by flame photometery according to AOAC official 
method 936.03. All determinations were done in duplicates 
 
Data were subjected to analysis of variance (ANOVA) according to the Generalized linear Model of SAS 
9.1 (SAS institute, Cary, NC, USA) [29]. Treatment means that exhibited significant differences were 
separated using the least significant difference (LSD) test at 5 % level of significance.  
 

III. Results and Discussion 

Phenological characteristics  

Phenological characteristics of the genotypes were significantly influenced by the main effects of 
aluminium rates as well as by genotype (Table 01). Aluminium rate interacted with genotype to 
influence plant height and leaf area index under both liming regimes (Table 01). Plants grown on lime-
treated soil had significantly reduced days to flowering and maturity as compared to plants grown on 
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lime-untreated soil. New BILFA 58 reached physiological maturity significantly earlier than Roba 1 in 
both lime-treated and untreated soils. Lime application reduced days to flowering and physiological 
maturity by about 10.6 and 6.4%, respectively. Liming reduced days to flowering and maturity of Roba 
1 than the days to flowering and maturity of new BILFA 58 (Table 02).  
 
On average, the genotypes produced significantly higher leaf area index and plant height when grown 
on lime-treated soil than on lime-untreated soil (Table 03). Leaf area was markedly reduced as the 
rate of aluminium applied was increased in both lime-treated and lime-untreated soils. However, the 
magnitude of reduction was higher in lime-untreated soil (Figure 02). New BILFA 58 had higher leaf 
area index and plant height than Roba 1 at each aluminium level both under lime-treated and 
untreated soils (Table 03). This effect may well correlate with the reduction in leaf area and plant 
height by 12.6 and 7.8% for new BILFA 58 and by 20.1 and 30.9% for Roba 1, respectively, under the 
lime-untreated soil.  
 
Table 01. ANOVA table showing mean sum squares of growth and yield related traits of 
common bean genotypes as affected by aluminum treatments and genotypes on unlimed and 
limed soil 

 

Parameters Lime Mean Y Al G Al*G Error 
Days to flowering UL 52.9a 34.1*** 653.33*** 1.50ns 2.263 

L 47.3b 41.92*** 320.13*** 2.73ns 1.262 
Days to maturity UL 105.3a 69.28*** 300.83*** 1.25ns 1.107 

L 94.3b 379.20*** 128.13*** 5.87ns 2.289 
LAI  UL 3.5a 1.12*** 19.4*** 0.11* 0.028 

L 3.6a 1.263*** 18.57*** 0.148** 0.024 
Plant height  UL 48.3b 141.16*** 20311.21*** 43.03* 11.21 

L 51.3a 154.37*** 17860.8*** 68.8* 17.25 
No. of pods per plant UL 16.0a 18.72*** 140.83*** 0.42ns 1.17 

L 16.3a 7.38* 24.3** 6.88* 1.996 
No. of branches per 
plant 

UL 3.1b 0.51** 9.08*** 0.054ns 0.093 
L 3.83a 0.318ns 1.41ns 0.112ns 0.322 

Pod length UL 10.1b 1.87*** 118.29*** 0.229 0.171 
L 10.9a 0.65ns 117.6*** 0.304ns 0.327 

No. Seeds per plant UL 5.2a 1.25* 5.21** 0.41ns 0.3194 
L 5.3a 1.06* 0.252ns 0.335ns 0.333 

Grain yield(t/ha) UL 1.49b 0.44*** 1.92*** 0.0024ns 0.010 
L 1.61a 0.455*** 0.87*** 0.01ns 0.001 

Biomass yield (t/ha) UL 3.44b 0.123*** 1.619*** 0.004ns 0.008 
L 4.23a 0.098** 0.33*** 0.0044ns 0.01 

Harvest Index UL 0.38b 0.004** 0.0023* 0.0001ns 0.00001 
L 0.43a 0.0035** 0.0039* 0.00037ns 0.0002 

100 seed weight 
(g) 

UL 28.7b 31.76*** 3783.6*** 3.14ns 1.905 
L 32.2a 34.297*** 3853.1*** 5.961* 1.404 

Where, NS- non significant (P>0.05), * P(0.01- 0.05), ** P(0.001-0.01), *** P( <0.001), UL- Unlimed, L- Limed, Al- 
aluminum concentration, G- genotypes, LAI- Leaf area index, Y combined mean for unlimed and limed soils. 

 
Effects of both aluminium rates and genotype were significant on yield and yield related traits under 
lime-untreated soil condition (Table 01). However, the effect was significant for the number of pods 
per plant, number of seeds per pod, hundred seed weight, grain yield and harvest index in lime-treated 
soil. All the yield and yield-related traits significantly declined as the aluminium rates were increased 
(Table 04 & Table 05). 
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Table 02. Days to flowering and maturity of two common bean genotypes as affected by 
different levels of aluminum applied under unlimed and limed soils 

 

  Al level  
(mg Al/kg soil) 

Days to Flowering  Days to Maturity 
Unlimed Limed PR Unlimed  Limed PR 

0.0 50.2±1.9c 44.0±1.4d 12.4 100.5±1.5d 94.5±1.1d 6.0 
12.5 50.8±2.2c 45.5±1.2c 10.5 103.3±1.7c 96.0±0.9cd 7.1 
25.0 53.5±2.1b 47.7±1.6b 10.9 106.5±1.2b 97.2±1.1c 8.7 
50.0 54.3±2.2ab 48.8±1.5b 10.1 107.0±1.4b 101.2±1.3b 5.4 

100.0 55.8±2.5a 50.7±0.9a 9.20 109.2±1.5a 104.2±0.9a 4.6 
Genotypes 

NB 58 48.3±0.6b 44.1±0.6b 8.7  102.1±0.9b 96.5±09b 5.5 
Roba 1 57.6±0.8a 50.6±0.8a 12.2  109± 0.8a 100.7±1.1a 7.2 

Mean 52.9 47.3 10.6 105.3 98.6 6.4 

CV (%) 2.84 2.37  2.19 1.53  
Where, PR-Percent Reduction; NB58- new BILFA 58; CV - Coefficient variation; *means followed by the same 
letter in a column are not significantly different at 5 % level of significance. 

 
Table 03. Leaf area index and plant height of two common bean genotypes as affected by 
different levels of aluminum applied under unlimed and limed soils 

 

Factors  Leaf Area Index Plant height(cm) 
Unlimed Limed PR Unlimed  Limed  PR 

mg Al/kg soil      
0.0 3.9±0.3a 4.5±0.2a 15.1 55.4±11.9 63.5±13.7a 21.3 
12.5 3.6±0.1b 4.2±0.3b 14.8 47.3±10.5b 55.5±8.6bc 18.8 
25.0 3.4±0.1c 4.1±0.2c 15.1 45.8±10.7bc 54.5±9.7bc 20.6 
50.0   3.1±0.05d 3.7±0.1d 17.4 45.3±14.9bc 52.2±5.9bc 18.9 
100.0 2.8±0.2e 3.4±0.05e 17.5 42.5±9.5c 50.3±10.2c 16.8 
Genotypes 
NB 58 4.2±0.3a 4.8±0.2a 12.6 73.3±2.4a 79.5±3.64a 7.8 
Roba 1 2.5±0.1b 3.2±0.3b 20.1 21.2±0.8b 30.7±0.91b 30.8 
Mean 3.35 3.96 16.4 47.3 55.1 19.3 
CV (%) 4.98 3.91 17.2 7.1 7.5 24.8 

Where, PR-Percent Reduction; NB58- new BILFA 58; CV - Coefficient variation *means followed by the same 
letter in a column are not significantly different at 5 % level of significance. 

 
Table 04.  Number of pods per plant and pod length (cm) of two common bean genotypes grown 
under different aluminum under unlimed and limed on acid soil on pot 

 

Factors  Number of Pods/plant Pod length(cm) 
Unlimed Limed PR Unlimed Limed PR 

mg Al /kg soil      
0.0 15.8±2.6a 20.2±2.2a 21.9 10.2±3.4a 11.6±2.4a 12.3 

12.5 15.3±2.8a 19.5±2.4ab 21.7 9.9±2.2ab 11.6±2.4ab 15.6 
25.0 13.5±2.9b 18.7±2.0abc 28.1 9.4±1.9bc 11.1±1.8ab 14.3 
50.0 12.2±2.2c 18.2±1.9bc 32.4 9.1±2.2dc 11.0±2.2ab 18.2 

100.0 12.0±2.4c 17.3±0.5c 30.7 8.8±2.5d 10.9±2.5b 21.5 
Genotypes 

NB 58 15.9±2.0a 19.7±2.2a 19.0 11.5±0.7a 13.2±0.9a 13.3 
Roba 1 11.6±1.7b 17.9±1.4b 34.9 7.5±0.6b 9.3±0.3b 19.4 
Mean 13.8 18.8 26.9 9.5 11.2 16.4 
CV(%) 7.9 7.5 18.6 4.4 5.1 19.8 

Where, PR- Percent Reduction; CV - coefficient of variation,  NB58- new BILFA 58, means followed by the same 
letter in the column are not significantly different at 5% level of significance.        
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Higher yield and yield components were recorded for the control (no aluminium) treatment whereas 
the lowest yield was recorded in response to applying highest Al rate (100 mg Al/kg soil) in both soil 
liming regimes (Figure 02). The rate of reduction in yield and yield components of the genotypes were 
increased in response to increasing rates of aluminium applied. For harvest index, the reduction was 
higher for the lime-untreated soil than for the lime-treated soil. On average, the genotypes suffered 
19.0%, 11.0%, 13.3%, 10.8% and 13.0% (new BILFA 58) and 34.9%, 25.2%, 19.4%, 24.5% and 28.1% 
(Roba 1) reductions in the number of pods per plant, number of seeds per pod, pod length, grain yield 
and biomass yield in the order mentioned here, under lime untreated soil as compared to lime-treated 
soil with similar rates of aluminium application. Hence, comparing the two genotypes, new BILFA 58 
suffered lower reductions in yield and yield related traits than Roba 1 when grown under different 
rates of aluminium on the lime-untreated soil. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 02. Grain Yield (Gy, t/ha) and Biomass yield (By, t/ha) of common bean genotypes as 
affected by aluminum application under unlimed (UL) and limed (L) acid soil. 
 
Table 05. Harvest index and 100 seed weight of two common bean genotypes grown under 
different aluminium treatments with and without lime applied on acid soil  

 

Treatments Harvest index 100-seed weight(g) 
Unlimed Limed Unlimed Limed PR 

mg Al /kg soil     
0.0 0.46±0.1a 0.47±0.2a 31.6±5.3a 35.6±5.6a 13.2 
12.5 0.44±0.1ab 0.43±0.2ab 29.7±5.4b 32.4±5.1b 8.7 
25.0 0.43±0.2bc 0.41±0.2bc 28.1±5.5b 31.8±4.9b 12.1 
50.0 0.41±0.1c 0.40±0.2c 26.4±5.6c 30.4±5.1c 15.3 
100.0 0.40±0.1c 0.39±0.1c 26.1±4.9c 29.4±4.9c 13.2 
Genotypes  
NB58 0.44±0.1a 0.43±0.1a 39.6±0.97a 43.2±0.89a 8.4 
Roba 1 0.4±0.1b 0.40±0.1b 17.2±0.56b 20.6±0.42b 16.6 
Mean 0.43 0.41 28.4 31.9 12.5 
CV(%) 5.19 5.21 4.9 3.71 28.5 

Where, PR-Percent Reduction; NB58- new BILFA 58; CV - Coefficient variation *means followed by the same 
letter in a column are not significantly different at 5 % level of significance 

 
Nutrient concentrations in shoot tissue  

Differences among the aluminium levels, between the bean genotypes, and their interaction terms 
were significant for concentrations of Ca, Mg, K, P and N in the leaf under both lime-treated and 
untreated soil (except P for lime-untreated soil) (Table 06). New BILFA 58 had higher concentrations 
of all nutrients in the leaf tissue, indicating better uptake and translocation to the leaves than Roba 1 
under both soil conditions (Figure 03 & Figure 04). Ca, P, and N concentrations in the leaf tissue 

0.5

1.5

2.5

3.5

4.5

0 12.5 25 50 100

G
Y

(t
/h

a)
   

   
   

   
   

B
y 

(t
/h

a)
 

Al level (mg Al/kg soil) 

GY (t/ha), UL
GY(t/ha), L
BY(t/ha), UL
BY(t/ha), L



Legesse et al. (2017) / J. Biosci. Agric. Res. 12(01): 1003-1015                                                https://doi.org/10.18801/jbar.120117.122 

 

1009 
Published with open access at journalbinet.com 
EISSN: 2312-7945, © Legesse et al. (2017), Research paper 

increased with lime application for both genotypes, but were consistently higher for new BILFA 58 
than Roba 1 over all aluminium levels in both lime-treated and -untreated soils. However, Ca and P 
concentrations in leaf tissue declined in response to increasing the rate of aluminium applied under 
both liming regimes. Thus, the maximum P and Ca concentrations in the leaf tissue were recorded 
from plants grown in the control treatment whereas the lowest was obtained from plants grown in 
pots treated with the maximum Al level (100 mg Al/kg soil) in both soil types (Figure 03 & Figure 04). 
This result reveals that Al application to the soil led to decreased uptake of the nutrients, which 
evidently resulted in low concentrations of the nutrients in the leaf tissue and poor plant growth. On 
average, the concentrations of phosphorus, calcium, potassium, and nitrogen in the leaf tissue of the 
common bean genotypes were higher by 28.5% P, 36.9% Ca, 4.91% K and 14.7% N, when the plants 
were grown in lime-treated soil than when they were grown in the lime-untreated soil. On the other 
hand, lime application resulted in reduction of magnesium concentration in the leaf tissues by about 
9.8%.   
 
Table 06. ANOVA table showing mean sum squares of nutrient concentration and aluminum 
content in the leaf tissue of common bean genotypes as affected by aluminum treatment and 
genotypes under unlimed and limed soils 

 

Parameters Lime Mean Y Al G Al*G Error 
Phosphorus (g/kg 
DM) 

UL 1.39b 0.26*** 1.72** 0.014ns 0.0124 
L 1.95a 2.71*** 6.07*** 0.304*** 0.0092 

Calcium (g/kg 
DM) 

UL 37.7b 235.96*** 4788.8*** 62.31*** 1.293 
L 59.9a 303.8*** 5099.2*** 30.63* 6.36 

Magnesium  (g/kg 
DM) 

UL 5.84a 6.08*** 35.95*** 0.37** 0.043 
L 5.32b 2.926*** 20.34*** 0.31*** 0.016 

Potassium (g.kg 
DM) 

UL 9.86b 5.83*** 10.5*** 0.69** 0.129 
L 10.37a 3.49*** 3.76** 0.562* 0.217 

Total nitrogen 
(%) 

UL 3.50b 1.50*** 9.0*** 0.335*** 0.0059 
L 4.11a 0.93*** 1.2*** 0.13*** 0.016 

Aluminium 
(mg/kg DM) 

UL 21.37a 11.30*** 646.81*** 5.87*** 0.0513 
L 9.03b 8.97*** 12.31** 1.66ns 1.013 

Where, NS- non significant (P>0.05), * P(0.01- 0.05), ** P(0.001-0.01), *** P( <0.001), Al- aluminum 
concentration, G- genotypes, LAI- Leaf area index, Y -combined mean for unlimed and limed soils. 
 
 

 
 
Figure 03. Phosphorous (P, g/kg DM) concentrations in the leaf tissues of two common bean 
genotypes grown under different levels of aluminum on unlimed and limed acid soils. 
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Figure 04. Total Nitrogen (TN, %) concentration in the leaf tissues of two common bean 
genotypes grown under different levels of aluminum applied on unlimed(UL) and limed(L) 
acidic soil. 
 
Leaf aluminium concentration  

A highly significant difference (p < 0.01) between Al rate and genotype was found for leaf aluminium 
concentration in both lime-treated and untreated soils (Table 06). However, the interaction effect of 
aluminium rate and genotype was significant for lime-untreated soil. Root aluminium concentration in 
lime-untreated soil (21.5 mg kg-1) was greater than that of lime-treated soil (9.1 mg kg-1). Leaf 
aluminium concentrations of tolerant genotypes (new BILFA 58) were significantly lower than the 
concentrations recorded for the sensitive genotypes (Roba 1) at all aluminium rates applied (Figure 
05). The aluminium concentrations in the leaf tissue of new BILFA 58 were about 16.9 and 8.4 mg kg-1 
and that of Roba 1 were 26.1 and 9.8 mg kg-1 for lime-untreated and lime-treated soils, respectively. 
This result indicates that the translocation of Al from the roots to leaves was higher for Roba 1 than for 
New BILFA 58 in lime-untreated soil than in lime-treated soil (Figure 05). On average, lime application 
reduced the aluminium content of the leaves by 50.3% for new BILFA 58 and by 62.5% for Roba 1 as 
compared to when they were grown in lime-untreated soil with similar rates of aluminium applied. 
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Figure 05. Aluminum (Al, mg/kg DM) concentrations in the leaf tissues of two common bean 
genotypes grown under different levels of aluminum on unlimed (UL) and limed (L) acidic soils. 
 
Disscusion 

The present study examined the variation between the two genotypes of common bean grown in pots 
with and without lime application under different levels of aluminium. Days to maturity was 
prolonged in response to increasing the concentration of the aluminium treatment. Therefore, the 
genotypes took more days to mature under lime-untreated soil than under lime-treated soil. Late 
maturity under lime-untreated soil may be ascribed to deficiency of nutrients such as P, Ca, and Mg. In 
line with this result, [7] reported delayed maturity in rice by 10-12 days due to P deficiency. Similarly, 

[21] reported that the presence of Al in a nutrient solution caused a delay in the vegetative growth of 
tropical leguminous plants used as cover crops in Brazil. This shows that presence of higher 
concentration of aluminium in the soil slows down growth to the detriment of plant development and 
yield. Aluminium toxicity is considered the most important growth-limiting factor for plants grown in 
acid soils [14]. Similar results were observed in this study where the growth of both genotypes was 
inhibited in response to increasing the rate of aluminium applied to the soil. However, new BILFA 58 
had the highest leaf area index and plant height as compared to Roba 1 (sensitive) when subjected to 
similar levels of aluminium in both lime-treated and lime-untreated soils. This indicates that this 
genotype is tolerant to soil acidity. Earlier studies indicated that Al-induced leaf necrosis [36], leaf 
yellowing [12], stunted leaf growth [34], and late leaf maturity [28] were the results of Al-toxicity. On 
the other hand, genotypes grown under lime-treated soil had higher leaf area index and plant height. 
Therefore, lime application apparently reduced the toxicity effect of aluminium and improved the 
growth of the genotypes. In line with this result, [27], reported that calcium addition alleviates the 
toxic effects caused by Al3+ and improves crop growth. Higher reductions in the number of pods per 
plant, pod length, and number of seeds per pod were observed in response to applying 100 mg Al/kg 
soil. However, at the lower rate (12.5 mg Al/kg soil), there was no significant difference for all the 
yield components under both lime-treated and untreated soils compared to the control treatment. 
From the results obtained, it was revealed that marked negative effects of aluminium were observed 
at higher aluminium levels. The increase in grain yield of bean with liming was associated with 
increase in the number of pods per plant. In addition, liming may have reduced the toxicity of Al with 
the result that the tested genotypes produced significantly higher grain yields under lime treatment 
than under the lime-untreated soil. Corroborating the results of this study, [16] reported that the 
number of pods per plant increased by 19%, the number of seeds per pod increased by 8% and 100 
seed weight was enhanced by 3% in common bean in response to increasing soil pH from 5.3 to 6.4. 
Higher reductions in grain yields were observed in response to increasing the concentration of 
aluminium applied with the highest decline being recorded for the sensitive genotype Roba 1. 
Similarly, [9] reported a decrease in bean yield in response to increasing Al saturation. In agreement 
with the results of this study, [32] reported that toxic levels of aluminium (Al) in acid soils inhibited 
root growth and caused substantial reductions in yields of Al-sensitive crops. The higher vegetative 
biomass yield of new BILFA 58 than Roba 1 could be attributed to its greater tolerance to soil acidity. 
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Consistent with the results of this study, [2] reported reduction in leaf biomass yield in response to 
increasing soluble aluminium in the soil. Harvest index declined as the amount of aluminium applied 
increased in both lime-untreated and lime-treated soils in this study. Similar variations in harvest 
index of common bean genotypes grown on Brazilian Oxisols were earlier reported by [8]. Leaf 
nutrient concentrations of two common bean genotypes significantly differed across all aluminium 
rates, where higher concentrations were recorded for new BILFA 58 than Roba 1. However, the leaf 
nutrient concentrations decreased with increasing aluminium rates for both genotypes. Roba 1 
apparently had a much lower leaf nutrient contents than new BILFA 58.  Similar results were reported 
that Al-tolerant genotypes of maize accumulated higher concentration of Ca and Mg [35], and K [13] 
than the sensitive genotypes. Mendonca and his co-investigators  reported that rice plants exposed to 
Al  had significantly decreased K, Mg, Ca, and P leaf contents, with the tolerant cultivar having suffered 
less decrease in nutrient leaf nutrient concentrations than the sensitive ones [22]. It seems that the 
differential tolerance of genotypes to Al may be due to differences in uptake, ability to keep adequate 
concentrations, and to use the nutrients efficiently. Differences in nutrient uptake, accumulation, and 
translocation are known to occur between plant species and within each species [37]. The results of 
this study showed that the tolerant new BILFA 58 was more efficient in nutrient uptake including K 
than Roba 1 in both lime-treated and untreated soils at different aluminium levels. The critical tissue P 
concentration for common bean below which normal plant growth may not occur is 0.2% [19]. 
Accordingly, in this study, the critical value of P concentration in leaf tissue below which plant growth 
and yield reduction occurred was at the third aluminium rate (25 mg Al/kg soil) for new BILFA 58 and 
the control treatment (0 Al) for Roba 1. This indicates that the genotype New BILFA 58 tolerated 
relatively higher concentration of aluminium in the soil than Roba 1. Consequently, New BILFA 58 
maintained the normal uptake and adequate concentration of phosphorus in its leaf tissue for better 
growth and development than Roba 1 at higher rates of aluminium application. [3] reported that the 
optimum total nitrogen on percent dry matter basis is 3.8-5.0%, with the critical value being below 
3.6% for common bean. However, the amount of tissue nitrogen concentration recorded for Roba 1 
was in the deficient range for optimum growth in untreated soil with different rates of aluminium 
applied. But the amount tissue nitrogen concentration recorded for new BILFA 58 was in sufficient 
range in both lime treated and untreated soils. [10] reported that 4.0-8.0g kg-1 Mg on dry matter basis 
is the sufficient range for common bean growth. Mg concentrations in the leaf tissues of both 
genotypes were in the sufficient range except at the maximum aluminium applied. This shows that 
aluminium toxicity affect magnesium uptake of the genotypes at higher levels. The result indicates, the 
tolerant genotype (new BILFA 58) was apparently more efficient in nutrient uptake and translocation 
to the leaf under acidic soil compared to acid soil sensitive genotype (Roba 1). This result also revealed 
that uptake of Al by the tolerant genotype (new BILFA 58) was lower than that of Roba 1 in both lime-
treated and untreated soils. It was evident that translocation of Al from the roots to leaves was 
probably higher for Roba 1 than for New BILFA 58. The translocation of aluminium from the roots to 
the leaves was apparently also higher under lime-untreated soil than under lime-treated soil. Similar 
results were reported that Al ions were translocated very slowly to the upper parts of plants [20]. In 
another study, [25] indicted that most plants contained no more than 0.2 mg Al g-1 dry mass. 
Aluminium concentrations in the leaf tissues of the common bean plants were generally less than 0.02 
mg g-1, indicating little transport from the roots to the leaves [37]. Consistent with the results of this 
study, [30] found that  sensitive wheat genotype showed more nutritional unbalances and Al 
accumulation than the tolerant one in both roots and shoots.  
 

IV. Conclusion  

With the increase in the rate of aluminium applied, almost all yield related traits declined under both 
lime-treated and lime-untreated soils. However, the reductions were less marked on lime-treated soil 
for both genotypes. Genotype new BILFA 58 was apparently more tolerant to soil acidity than Roba 1, 
markedly tolerated soil acidity stresses. Higher, nutrient uptake and translocation to the aerial parts 
was observed for the tolerant (new BILFA 58) genotype than the sensitive (Roba 1) genotype in both 
lime-treated and lime-untreated soils. Lime application generally improved growth, yield and nutrient 
uptake and translocation of the common bean genotypes. In addition, lime application reduced the 
toxicity of aluminium and its uptake and translocation to the shoot in both genotypes. Generally the 
tolerant genotype translocated less aluminium to the aerial parts from the roots compared to the 
sensitive genotype. Therefore, growing common bean genotypes that are tolerant to acid soil such as 
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New BILFA 58 with supplemental application of lime could enhance nutrient uptake, growth, and yield 
of the common bean crop under the acidic soils of the study region. This may lead to enhanced 
production of the crop to increase food security and protein nutrition in the region. 
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