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Abstract Common bean (Phaseolus vulgaris L.) is an important cash crop and protein source for farmers in many
parts of Ethiopia. However, its production is limited by phosphorus fertilizer. Therefore, field experiment was
conducted at the Arba Minch farm field the main rain season of 2011 to investigate the responses of common bean
to different levels of phosphorus fertilizer and its effect on growth, dry matter yield and yield component of the crop.
Five phosphorus rates (0, 10, 20, 30 and 40kg ha-1) were used as treatments. Red Wolaita common bean variety was
used as planting material. Recommended rate of N (60 kg/ha) was applied to all treatments. The experiment was laid
out in a randomized complete block design with three replications. The effect of phosphorus was significantly
increased dry matter yield, yield components and growth parameters such as leaf area and number of branches per
plant, whereas its effect was not significant on plant height. Based on result obtained, application of 20P kgha-1is
recommended for better production of common bean at Arba Minch and similar areas which have the same soil
property.
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1. Introduction
Common bean is high in starch, protein and dietary
fiber and is an excellent source of potassium, selenium,
molybdenum, thiamine, vitamin B6, and folic acid [1]. It
is used as foods tuff and the green unripe pods are cooked
or conserved as vegetable. The ripe seeds cooked for
soups and broth in the world [2].
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
earnings is estimated to be over 85 % of export earnings
from pulses, exceeding that of other pulses such as lentils,
faba bean and chickpea [3]. Common bean ranks third as
an export commodity in Ethiopia, contributing about
9.5 % of total export value from agriculture [4]. Total
national production was estimated at 421,418 ton in 2008,
with a market value of US$ 132,900,609 million [4].
Common bean is also highly preferred by Ethiopian
farmers because of its fast maturing characteristics that
enables households to get cash income required to
purchase food and other household needs when other
crops have not yet matured [5].
Common bean has high nitrogen requirement for
expressing their genetic potential. However, as bean has
the ability to fix and use atmospheric nitrogen with

regards to soil fertility and mineral nutrition requirement,
phosphorus is considered as the first and nitrogen as the
second limiting plant nutrient for bean yield in the tropical
zone of cultivation [6]. Moreover, phosphorus plays an
important role in biological nitrogen fixation. For the
symbiotic fixation of nitrogen to occur, the roots have to
interact with compatible rhizobia in the soil and factors
that affect root growth or the activity of the host plant
would affect nodulation [7]. Bacterial growth, nodule
formation, and the biological nitrogen fixation activity
itself are processes that are dependent on the energy
supplied from the sugars that need to be transacted down
ward from the host plant shoots. Therefore, phosphorus is
the basis for the formation of useful energy, which is
essential for sugar formation and translocation [8,9]
reported that common bean crop dependent on nitrogen
fixation needs more inorganic phosphorus than the same
crop provided with mineral nitrogen. Beans are therefore
especially susceptible to low soil phosphorus when
accompanied by low soil.
Phosphorus availability in soil is a major constraint to
common bean production in the tropics [10]. From the
essential plant nutrients, nitrogen and phosphorus are
often deficient in many soils of tropical Africa as well as
in many Ethiopian soils [11]. In the tropics, the amount of
available phosphorus in soils is largely in sufficient to
meet the demand of legumes and thus phosphorus
deficiency is widespread in pulse crops [12]. To overcome
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such problem the research is needed to know optimum
rate of phosphorus nutrient for common ban production.
However in Ethiopia 69kg P2o5/ha recommended for
common bean production in semi-arid zones of Central
Rift Valley [13].
So far, no works have been conducted on determination
of optimum phosphorus fertilizer rate for production of
common bean at Arba Minch, Ethiopia. Therefore, there is
a need to acquire of information on influences of
phosphorus in growth, dry matter yield and yield
component of common bean and to know optimum rate of
fertilizers in study area. Thus, this study was initiated with
the following objectives: (1) to evaluate the effect of
different phosphorus fertilizer rates on growth, dry matter
yield and yield components of common bean,(2) to
identify the optimum rate of phosphorus fertilizer on
growth, dry matter yield and yield components of
common bean.

2. Materials and Methods
2.1. Description of Study Area
The experiment was carried out at Arba Minch
University research farm field which is located 500 km
from Addis Ababa, the capital city of Ethiopia. It has an
altitude of 1218 m.a.s.l, longitude of 37.36°E and 6.04°N.
In Arba Minch, there are two months where the area rain
fall sets high amount in April and May are 161.8mm and
151.2mm respectively and the lowest rain fall appears in
January and February are 32 mm and 9 mm respectively.
The annual rainfall is 500-1100 mm, the annual air
temperature is 17-39°C and the soil temperature is 2235°C in different depth of soil.

2.2. Experimental Design and Treatments
The experiment was laid out in randomized complete
block design (RCBD) with five treatments of phosphorus
fertilizer rates (0, 10, 20, 30, and 40 kg ha-1) and three
replications to evaluate the effect phosphorus on growth
and dry matter yield of common bean (Phaseolus vulgaris
L.) variety Red Wolaita. The size of each experimental
unit was 1.6m X 1.5m (2.4 m2) having four rows, each
contains 10 plants. A distance of 1m and 1.5 m were left
between plots and blocks, respectively. Two seeds per
hole were sown at the recommended planting depth of 6
cm with spacing of 40 cm between rows and 10 cm
between plants. Thinning of one seedling per hole was
carried out after 15 days from sowing. Diammonium
phosphate (DAP) was used as a source of phosphorus and
full doses which varied depending on treatments were
applied as side banding at sowing time. Urea was used as
starter and to make a uniform 60 kg ha-1application on
each treatment unit. Similarly, other agronomic practices
were kept uniform for all treatments as recommended and
adopted for the location.

2.3. Soil Sample Collection and Laboratory
Analysis
Soil samples, 0 to 30 cm depth, were collected from
representative spots of the entire experimental field by
using diagonal sampling method before planting and the

composite sample was obtained. The soil was air dried and
made fine by using mortar and pestle. The fined soil was
passed through 2mm sieve and the soil textural class, pH,
and EC were determined in Arba Minch university soil
Laboratory. The pH (1:25 solid: liquid ratio) of the soil
was measured in water using pH meter. The electrical
conductivity of the soil was determined by using EC meter.
The soil texture was analyzed by Bouyoucos hydrometer
method and the textural class was determined by using the
soil textural triangle. The soil moisture was determined by
gravimetric sampling method.

2.4. Agronomic Data Collections and Analysis
Data on plant height, leaf area, number of branches per
plant, number of pods per plant, number seed per pod and
dry matter yield were taken from ten pre tagged plants of
each two middle rows. The plant height was measured
from the base of the plant to the apical bud of plant and
expressed in centimeters. Total leaf area was recorded by
measuring maximum length (mL) and width (mW) of
trifoliate leaves and multiplying these inputs (mL x mW)
by a correction factor of 0.6 derived from the actual leaf
area determined by using a leaf area meter. The number of
branches per plant was recorded by counting number
branches from each ten pre tagged plants and the mean
was taken as number of branches per plant. Pods from pre
tagged plants were counted and average was recorded as
number of pods per plant. Seeds per pod counted from ten
randomly selected pre tagged plants was converted to
mean value and recorded as number of seeds per pod. Dry
matter yield was obtained by ten randomly selected pre
tagged plants were cut above the ground and partitioned
into different parts viz. leaf, stem and reproductive parts.
The samples were oven dried at 80°C to a constant weight
and weights were recorded. The means recorded as dry
matter of the plant (gm).

2.5. Statistical Analysis
Data on plant height, leaf area, number of branches per
plant, number of pods per plant, number seed per pod and
dry matter yield were statically analyzed using the SAS
version 9.2 software and means were compared using
LSD at a probability level of 5%.

3. Results and Discussion
3.1. Soil Analysis
The physical and chemical properties of the soil before
sowing were presented in (Table 1). The soil texture of
experimental was clay loam. The pH value the
experimental soil was 7.3 slightly basic. The electrical
conductivity (Ec) was 4.46 μs/cm. The soil moisture
content of experimental of soil was 10.49.
Table 1. Physical and chemical properties of the top soil (0-30 cm)
used in the field experimental site in Arba Minch Research farm
field
Soil depth
(cm)
0-30

Physical properties of soil

Chemical properties of soil

Textural
class

Moisture
content

pH

Conductivity
(EC in μs/cm)

Clay loam

10.49

7.3

4.46
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The mean square estimates for the source of variation
studied was presented in Table 2. There was significant
difference among treatments on phosphorus rates (0, 10,
20, 30, and 40kg ha-1). Highly significant (P<0.01) and
significant (P<0.05) were observed on growth parameters
and yield components. The applied P fertilizer levels

90

revealed significant differences on dry matter yield, leaf
area, number of branches per plant, number of pods per
plant, and seeds per pod. On the other hand, application of
different rates of P fertilizer did not significantly affect
(P<0.05) plant height.

Table 2. Analysis of variance on the effect of different rates of phosphorus fertilizer onplant height, leaf area, pods/plant, branch number,
seeds/pod and dry matter at Arba Minch, southern Ethiopia
Source of Variation

Df

Plant height (Cm)

Leaf area (Cm2)

Branch no.

Pods/plant

Seeds/pod

DM (gm)

Replication

2

64.414ns

194.97ns

0.22ns

396.22*

0.18ns

264.47*

Treatment

4

928.4697ns

1921.07*

4.99*

263.57*

3.02*

816.38**

Error

8

272.39

279.03

0.98

55.65

0.42

51.37

Df= degree of freedom, DM=dry matter, Ns-Statistically not significant *Significant at P< 0.05 and **significant at P<0.01.

3.2. Effect of Different Rates of Phosphorus
Fertilizer on Plant Height, Leaf Area and
Number of Branchesper Plant
The P application at all rates except at P 40 kg ha-1,
resulted in significant higher leaf area than the control
(Table 3). The highest leaf area (119.8cm2) and (99.86
cm2) were recorded at rate application of P 20 kg ha-1and
30 kg ha-1, respectively. In contrast, the lowest leaf area of
(53.03 cm2) was recorded from the treatment with
application of 40 kg P ha-1.This result was in agreement
with that the application of 75 kg P2O5 ha-1 was
significantly increased leaf area over rest level reported by
[14]. Similarly, significant increase in leaf area was
observed with increment in P application from 25 to 75 kg
ha-1 [15]. However, decrease in leaf area, even less than
control at application rate of P 40 kg ha-1 might be due to
P response dependence on available P in study site and
when it is above the optimum level it may interrupt other

nutrients, which in turn can bring decrease in growth of
bean.
As indicated in Table 3, application of P fertilizer has
no significant effect on plant height. The high plant height
(125.5 cm2) was recorded on application rate of 20 kg P
ha-1. Moreover, application of 30 kg P ha-1 has revealed
high plant height (114.41cm2) next to P 20 kg ha-1. On the
other hand, there was no significant difference between
means of applied P fertilizer rates. This result is similar to
the result reported by [16], a non- significant response of
plant height to P application on common bean. The lowest
plant height (82. 41cm2) was recorded at high application
of P rate, this confirms with the lowest plant height was
recorded at application rate of P 40 kg ha-1 reported by
[17]. The highest rate of P application at the study site had
no effect on plant height. This might be due to high dose
of phosphorus fertilizer tends to form nutrient interaction
and may affects the availability of other nutrients which
are essential for growth of the bean.

Table 3. Effect of different rates of phosphorus fertilizer on growth, dry matter yield and yield component of common bean
Phosphorus rates kg/ha

Plant height (cm)

Leaf area (cm2)

Number of Branches/plant

Pods/plant

Seeds/pod

0

91

57.673

2.33

24.83

3.14

10

96.83

79.07

4

31.16

5.16

20

125.5

119.8

5.67

48.16

5.85

30

114.41

99.86

5

39.67

5.81

40

82.41

53.03

3.58

30.33

4.20

CV (%)

19. 55

19.766

24

21.4

13.19

LSD (5%)

NS

31.45

1.84

14.04

1.2

The application of P fertilizer significantly affected the
number of branches per plant (Table 3). The number
branch per plant increased with increasing phosphorus
application rates up to optimum level. The highest number
of branches per plant (5.67) was recorded at rate of 20 kg
P ha-1. This is also similar to result reported by[14],
significantly higher number of branches per plant is
recorded with 75 kg P2O5 ha-1. The Mean of P fertilizer
applied revealed significantly higher number of branches
per plant over control. The lowest number of branches per
plant (2.33) was recorded at control. The increment in
number of branches per plant might be importance of P for
cell division activity, leading to the increase of plant
height and number of branches and consequently
increased the plant dry weight [18].

3.3. Effect of Different Rates of Phosphorus
Fertilizer on Number of Pods per Plant and
Number of Seeds per Pod
Application of P fertilizer had significantly increased
the number of pod per plant (Table 3).Significantly higher
number of pods per plant (48.16) was recorded with P
rates of 20 kg ha-1 over rest of the levels. All applied P
fertilizer rates significantly increased pods per plant over
the control. The lowest pods per plant (24.83) were
recorded at control (no application of P fertilizer).The
result is similar to [14], reported that applications of
different rates of phosphorus fertilizer influence number
of pod per plant. Similarly, [15] observed significantly
more number of pods per plant of common bean at
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application rate of 75 kg P2O5 ha. Also, [19] reported
significant increase in number of pods per plant, due to
increased P fertilization. Thus the increment of number of
pods per plant due to application of P fertilizer confirms
with Pfertilizer promotes the formation of nodes and pods
in legumes [20].
The analysis of variance for seeds per pod (Table 2)
showed significant response to Prates levels. The highest
number of seeds per pod (5.85) was obtained at applied P
rate of 20 kg ha-1, whereas the lowest seed per pod (3.14)
was recorded in the control treatment. The result of the
present study were in agreement with the findings of
[14]who reported that number of seeds per pod increased
significantly to levels of phosphorus added. The increment
of seeds per pod with increasing P fertilizer application up
to optimum level might be P fertilizer for nodule
formation, protein synthesis, fruiting and seed formation.

3.4. Effect of Different Rates of Phosphorus
Fertilizer on Common Bean Dry Matter Yield

The applied rates of P fertilizer have significantly
increased the dry matter yield of common bean at the
probability level of 0.05 and 0.01. There was a significant
difference among five levels P fertilizer rates (Figure 1).
The maximum (75.5gm plant-1) dry matter yield was
recorded at application of P 20 kg ha-1, where as the
minimum (28.9 gm plant-1) was recorded on control. This
result was similar to [14] who reported dry matter
accumulation increase with application of phosphorus
rates. Similarly, significant and linear increase in total dry
matter production of common bean plant was observed
due to increased phosphorus [15].This is in agreement
with the study conducted on soybean indicated that
increasing the phosphorus concentration in the soil
increased the whole plant dry matter accumulation and
total leaf area [21]. This increment in dry matter yield
with application of P fertilizer might be due to the
adequate supply of P could be attributed to an increase in
number of branches per plant, and leaf area. This in turn
increased photosynthetic area and number of pods per
plant, which demonstrates a strong correlation with dry
matter accumulation and yield.

Figure 1. Effect of different rates of phosphorus fertilizer on dry matter of common bean at Arba Minch, southern Ethiopia

4. Conclusions
Application of the correct level of fertilizer is necessary
to achieve maximum yield of common bean crop. The
present study was initiated to assess the influence of
different levels of phosphorus on growth, dry matter yield
and yield component of common bean. The Physical and
chemical properties of soil was collected before planting.
The applied P fertilizer levels were revealed a significant
difference on leaf area, number of branch per plant,
number of pods per plant, seeds per pod and dry matter
yield. The application P 20 kg ha-1has significantly
increased dry matter yield, yield components and all
growth parameters, except plant height over the rest levels.
While, application of 40 kg P ha-1 was declined plant
height and leaf area as compared to control. Thus, Based
on the result obtained, it was possible to conclude that
phosphorus fertilizer rate of 20kg ha-1 was promising to
enhance yield of common bean in Arba Minch, Southern
Ethiopia. In general it recommended that investigating the
same study in different localities to have a real
recommendation for the optimum level of P fertilizer to
produce common beam. In addition, it is important to

know the mineral content of the soil that hinders the
uptake of phosphorus by the plant.
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