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Abstract

In Ethiopia, common bean (Phaseolus Vulgaris L.) is usually grown 
by smallholder farmers and its average yield is low. The low yield of 
common bean in Ethiopia is attributed to several production constraints, 
which include poor agronomic practices such as low soil fertility 
management, untimely and inappropriate field operations, rainfall 
variability and diseases and insect pests. Hence, a field experiment 
was conducted in Adola sub-site of Bore Agricultural Research Center 
during the 2016-2017 main cropping seasons to determine optimum 
phosphorus rates in blended NPS and appropriate inter-row spacing 
for common bean production. The factors studied were four rates of 
phosphorus in blended in NPS (0, 50, 100 and 150 kg ha-1) that contain 
19% N, 38% P2O5 and 7% S and four inter row spacing of common bean 
(30, 40, 50, 60 cm). These were laid out in a factorial arrangement in 
randomized complete block design with three replications. Significantly 
the highest number of plant height (51.84 cm), number of total pods 
per plant (8.64), days to maturity (93.92), hundred seed weight (60.62) 
and grain yield (2494 kg ha-1) were recorded at the highest rate of 
150 kg P ha-1 whereas highest number of days (40.33 days) to reach 
flowering was recorded due to nil application. 

 Among the inter-row spacing, 60 cm gave significantly the highest 
number of total pods per plant (9.25) and number of seeds per plant 
(2.99). The interaction of inter-row spacing and phosphorus rates had 
non-significant effect on almost all parameters except on number of 
primary branches per plant. Significantly the highest number of primary 
branches per plant (4.7) was recorded with nil application of P under 
wider inter-row spacing of 60 cm and it was statistically at par with 
P rates of 150 kg ha-1 for inter-row spacing of 40 cm. However, the 
highest net benefit (34167.56 Birr ha-1) was obtained from combination 
of inter-row spacing of 50 cm with application of 150 kg ha-1 NPS. 
Thus, it can be concluded that combined application of 150 kg ha-1 

of P in blended NPS with variety Ibado proved to be superior and 
recommended for study area.

Introduction
Common bean (Phaseolus vulgaris L.) is an annual herbaceous 

plant domesticated independently in ancient Mesoamerica and in 
the Andes, and now is grown worldwide for both dry seeds or as a 
green bean. Thousands of legume species exist but common bean in 
any forms is the most eaten by human beings compared to any other 
legumes [1]. When common bean is used for its unripe fruits, it is 
termed as green bean or snap bean. About 23.9 million tons of dry 
bean, 20.7 million tons of green bean, and 1.9 million tons of string or 
common bean were produced worldwide in 2012 [2]. It is estimated 

that the common bean meets more than 50% of dietary protein 
requirements of households in Sub-Saharan Africa. The annual per 
capita consumption of common bean is higher among low-income 
people who cannot afford to buy nutritious food stuff, such as meats 
and fish [1].

Common bean is highly preferred by Ethiopian farmers because 
of its fast maturing characteristics that enable households to get 
cash income required to purchase other food and household needs 
when other crops have not yet matured. It is also an important food 
and cash crop in Guji zone with an area of 15,850 ha and average 
productivity of 1.52 tons per hectare. Similarly, it contributed 39.49% 
for household consumption, 13.33% for seeds, 44.1% for sale, 0.58% 
for animal feed and 2.05% for other uses in the study zone [3].

Improved common bean production encompasses a proper use 
of different agronomic practices which include improved variety, 
seed rate, spacing, fertilizer rate and pesticide application as per 
recommendation [4]. However, the current national average yield 
of common bean (1485 kg ha-1) is far less than the attainable yield 
(2500-3000 kg ha-1) under good management conditions for most 
improved varieties. This low yield of common bean in Ethiopia is 
attributed to several production constraints, which include lack 
of improved varieties for the different agro-ecological zones, poor 
agronomic practices such as low soil fertility management, untimely 
and inappropriate field operations, rain fall variability, diseases and 
insect pests’.

In Ethiopia, a standard spacing of 40 cm×10 cm has been adopted, 
irrespective of the growing conditions and locations. It was not clear 
that how this spacing was considered as the standard spacing without 
having planting density study. However, most farmers are not sure of the 
appropriate planting density to use. They use either very high or very low 
plant density which consequently results in poor grain yield in quality 
and quantity. 

midlands of Guji Zone of southern Ethiopia is also one of the 
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midland parts of the country that grows common bean where it 
covered area of about 15,850 ha with average annual productivity 
of 1.52 t ha-1 [3]. But it shares the same production problem with 
other midland part of the country. To address these nutrient 
deficiencies, the farmers in the country have been using uniform 
blanket application of 100 kg ha-1 DAP (18 kg N and 46 kg ha-1 P2O5) 
fertilizer and spacing of 40 cm×10 cm for common bean to increase 
crop yield for about half century and this did not consider soil fertility 
status and crop requirement. Therefore, our study/experiment was 
carried out to determine optimum phosphorus rates in blended NPS 
and appropriate inter-row spacing for common bean production in 
Adola.

Materials and Methods
Description of the study area

The experiment was conducted at Adola sub-site of Bore 
Agricultural Research Center (BOARC), Guji Zone, Oromia Regional 
State in southern Ethiopia under rain-fed conditions during the 
2016 cropping season (September-December). The site (55°36’31”N, 
38°58’91”E, 1721 M) is located in Adola town in Dufa ‘Kebele’ just on 
the West side of the main road to Negelle town. It is located at about 
463 km south from Addis Ababa, the capital city of the country. 

The climatic condition of the area is a humid moisture condition, 
with a relatively shorter growing season. The area receives annual 
rainfall of 1084 mm with a bimodal pattern extending from April to 
November. The mean annual minimum and maximum temperature 
is 15.9 °C and 9.9 °C, respectively. The type of the soil is red basaltic 
soil (Nitisols) and Orthic Aerosols [5]. The soil is clay in texture and 
moderately acidic with pH of around 5.9 (Table 1).

Experimental materials and design

The common bean variety Ibado was used for the study. The 
variety was released by Hawassa Research Centre of Southern 
Agricultural Research Institute in 2003. Ibado has large sized red food 
types and white flower colour with a maturity period of 90-120 days 
with a determinate growth habit. The variety is adapted to an altitude 
range of 1400-2250 meter above sea level with rainfall of more than 
500 mm in growing season. Ibado variety was chosen for the study 
because it is high yielder, well adapted, preferred red seed colour and 

widely grown in the area by smallholder farmers in the study area.

Four inter row spacing (30, 40, 50 and 60 cm) and four phosphorus 
rates (0, 50, 100 and 150 kg ha-1 ) were used. Blended NPS (19% N, 
38% P2O5 and 7% S) was used as source of phosphorus for the study.

The treatments were factorial combinations of four phosphorus 
fertilizer rates in blended NPS (0, 50, 100 and 150 kg ha-1) and four 
inter-row spacing (30, 40, 50 and 60 cm). The experiment was laid out 
as Randomized Complete Block Design (RCBD) and replicated three 
times per treatment in factorial combination. The gross plot size was 
3.0 m×2.8 m=8.4 m2. The spacing between blocks and plots was 1.0 
m and 0.6 m, respectively. Each plot had 6 rows spaced 40 cm apart.

Soil sampling and analysis 

Pre-planting soil samples was taken randomly in a zigzag fashion 
from the experimental plots at the depth of 0-30 cm before planting. 
Twenty soil core samples were taken by an auger from the whole 
experimental field and combined to form a composited sample in a 
bucket. Then, the collected samples were air-dried at room temperature 
under shade and ground to pass through a 2 mm sieve for laboratory 
analysis of soil pH, and available phosphorus. Small quantity of this 2 
mm sieved soil material allowed passing through 0.2 mm sieve for soil 
organic carbon (OC) and total nitrogen. The composite soil samples 
were analyzed for selected physicochemical properties mainly textural 
analysis (sand silt and clay), soil pH, total nitrogen (N), available 
sulphur (S), organic carbon (OC), available phosphorus (P), cation 
exchange capacity (CEC) (c mol kg-1), exchangeable potassium, 
magnesium and calcium using the appropriate laboratory procedures 
at Horticoop Ethiopia (Horticultural) PLC Soil and Water Analysis 
Laboratory.

Soil textural class was determined by Boycous Hydrometer 
Method [6]. Organic carbon (OC) was estimated by wet digestion 
method and organic matter was calculated by multiplying the OC% 
by a factor of 1.724 [7]. Total nitrogen was analyzed by Kjeldhal 
method. The soil pH was measured potentiometrically in 1:2.5 soil-
water suspensions with standard glass electrode pH meter [8]. Cation 
Exchangeable Capacity (CEC) was determined by leaching the soil 
with neutral 1N ammonium acetate [2]. Available phosphorus was 
determined by the Olsen’s method using a spectrophotometer [9]. 
Available sulfur (S) was measured using turbidimetric method [10]. 
Exchangeable potassium, magnesium, and calcium were determined 
by Melich-3 methods [11].

Crop data collection and measurements

Phenological and growth parameters

Days to flowering: Were recorded as the number of days from 
sowing to when 50% of plants in a net plot produced flower through 
visual observation.

Days to physiological maturity: This was recorded as the number 
of days from sowing to the time when about 90% of the plants in a 
plot had mature pods in their upper parts with pods in the lower parts 
of the plants turning yellow. The yellowness and drying of leaves were 
used as indication of physiological maturity.

Plant height: It was measured as the height (cm) of ten randomly 
taken plants from the ground level to the apex of each plant at the 

Table 1: Physico-chemical properties of the experimental site soil before planting.

Characters Value Rating Reference
A. Soil texture

Sand (%) 30    
Silt (%) 12    

Clay (%) 58    
Textural Class   Clay  

B. Chemical analysis
Soil pH 5.88 Moderately Acidic Landon (1991)

Organic carbon (%) 2.3 High Hazelton and 
Murphy (2007)

Total N (%) 0.19 Low EthioSIS (2014)
Available P (mg 

kg-1) 5.61 Very Low EthioSIS (2014)

Available S (mg 
kg-1) 14.5 Low EthioSIS (2014)

CEC (meq/100 g 
soil) 14.9 Low Landon (1991)
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time of physiological maturity from the net plot area and the means 
were recorded as plant height.

Number of primary branches per plant: The average number of 
primary branches emerged directly from the main shoot was counted 
from ten randomly taken plants at physiological maturity and the 
average number of primary branches was reported as number of 
primary branches per plant.

Yield and yield components 

Number of pods per plant: Number of pods was counted from 
ten randomly taken plants from the net plot area at harvest and the 
means were recorded as number of total pods per plant.

Number of seeds per pod: It was recorded from ten randomly 
taken pods from each net plot at harvest.

Hundred seed weight (g): It was determined by taking weight of 
100 randomly sampled seeds from the total harvest from each net plot 
area and the weight was adjusted to 10% moisture level.

Grain yield (kg ha-1): The four central rows were threshed to 
determine seed yield and the seed yield was adjusted to moisture level 
of 10%. Finally, yield per plot was converted to per hectare basis and 
the average yield was reported in kg ha-1.

Statistical data analysis

All the measured parameters were subjected to analysis of variance 
(ANOVA) appropriate to factorial experiment in RCBD according to 
the General Linear Model (GLM) of SAS software version 9.0 and 
the interpretations were made following the procedure described by 
Gomez KA et al. [12]. Least Significance Difference (LSD) test at 5% 
probability level was used for mean comparison when the ANOVA 
showed significant differences.

Results and Discussion
Physico-chemical properties of the experimental site soil

Soil texture is an important soil physical characteristic as it 
determines water intake rate (infiltration), water holding capacity of 
the soil, the ease of tilling, the amount of aeration, and also influences 
soil fertility [13]. It is one of the inherent soil properties less affected 
by management and determines nutrient status, organic matter 
content, air circulation and water holding capacity of a given soil. 
According to the soil textural class determination triangle, soil of the 
experimental site was found to be clay (Table 1). High clay content 
might indicate the better water and nutrient holding capacity of the 
soil of the experimental site. 

According to the soil analysis test, the soil pH of the experimental 
site was 5.88 (Table 1). Thus, according to Landon’s rating, the 
chemical reaction of the experimental site is moderately acidic [14]. 
The available P level in the experimental site was which is 5.61 mg 
kg-1 is very low according to the rating of EthioSIS (Table 1) [10]. This 
low available phosphorus could be due to fixation in such acidic soils.

The result of laboratory analysis showed that the total nitrogen 
percentage (0.19%) was low as per the rating of EthioSIS [10]. Cation 
exchange capacity is the capacity of the soil to hold and exchange 
cations. It provides buffering effect to changes in pH, available 

nutrients, calcium levels and soil structural changes. The result 
showed that the CEC of the experimental soil to be 14.9 meq/100 g 
soils rated as moderate according to rating of Landon JR [14]. The 
total carbon content in the soil was 2.30% which was rated as high as 
per the classification of Hazelton PA et al. [15]. Thus, the OM content 
of the soil was optimum as rated by EthioSIS [10]. On the other hand, 
the available sulphur content in the soils has values of 14.50 mg kg-1 
which was rated as low as per the classification of EthioSIS [10].

Phenological and growth parameters of common bean

Days to 50% flowering: The interaction of P rate in blended 
NPS and inter row and main effect of inter-row spacing had non-
significant effect on days to 50% flowering, but the main effect of P 
rate were found to be highly significant (P <0.01) on days to reach 
50% flowering (Table 2). Significantly, highest number of days (40.33) 
to reach flowering was recorded due to nil application while the 
earliest days to flowering (38) was recorded due to application of 50, 
100 and 150 kg ha-1 P. 

The result obtained from the current study clearly revealed that 
the increasing P rates from 0 to 150 kg P ha-1 shortened the time 
required to attain days to 50% flowering which was two days earlier 
than control. This variation may be due to stimulatory effect of 
phosphorus on growth hormones, induce early flowering in common 
bean. This result was in line with the findings of Wondimu W et al. 
who reported that increasing the NP application rate from 0 kg N, 
0 kg ha-1 P2O5 to 36 kg N, 92 kg ha-1 P2O5 significantly shortened the 
time required to attain 50% flowering [16]. However, Tewari JK et al. 
reported no significant effects of P application on number of days to 
reach 50% flowering on common bean [17]. Similarly, Tesfaye T et al. 
also reported that interaction of P with variety to be non-significant 
common bean [18].

Days to physiological maturity: The analysis of variance showed 
that the number of days required to reach physiological maturity of 
common bean was highly significantly (P<0.01) influenced by the 
main effect of P application rate. However, main effect of inter-row 
spacing and interaction effects of inter-row spacing with P application 
rates had no significantly influence physiological maturity. Increase 
in P application rate from 0 to 150 kg ha-1 led to a significant increase 
in the number of days required to reach physiological maturity. The 
highest number of days required to physiological maturity (93.92days) 
was recorded for the highest rate of P application rate (150 kg ha-

1) while the shortest days to physiological maturity (89.33 days) was 
recorded in the treatment without the P application. This finding 

Table 2: Mean of primary branch number per plant as affected by the interaction 
of inter-row spacing and phosphorus fertilizer rates of common bean at Adola 
during 2016 and 2017 main cropping season.

Treatment The number of  primary branches per plant
           Phosphorus rate                                      

Inter-row spacing 0 50 100 150

30 2.733d        2.767d        3.5bcd      3.067cd

40 3.13bcd      2.967cd          2.83d        3.97ab

50 3.73bc         2.83cd              3.00cd      4.7a

60 3.1bcd       3.33bcd      3.23bcd        3.47cd

LSD (5%)                                                             0.77                   
CV (%)                                               14.0                   
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was in contrary with that of Boutraa T who reported that number 
of days required to 90% physiological maturity of common bean 
was decreased significantly from 70, 68 to 67 days, due to increased 
phosphorus fertilization from 25, 50 to 75 kg ha-1 P2O5 [19].

Number of primary branches: The interaction of P rate and inter-
row spacing had significant (P<0.05) effect on number of primary 
branches. Significantly, highest number of number of primary 
branches (4.7) recorded with highest application of 150 kg ha-1 P for 
wider inter-row spacing of 60 cm and it was statistically at par with 
P rates of 150 kg ha-1 for inter-row spacing of 40 cm while the lowest 
number of primary branches (2.73) was recorded with nil application 
of P for inter-row spacing of 40 cm. This might be due to the fact 
that, as plant density decreased the available growth resources and 
more interception of sunlight for photosynthesis as well as optimal 
supply of P in the early stage of plant growth enhanced the crop 
lateral growth. This result was in line with the findings of Mehmet 
OZ who obtained increased number of branches at the wider plant 
spacing for soybean and which may have resulted in production of 
more assimilate for partitioning towards the development of more 
branches [20].

Plant height: The analysis of variance showed highly significant 
(P<0.01) main effect of P levels in blended NPS fertilizer, while 
interaction of P levels and inter-row spacing did not significantly 
influence plant height in common bean.

Increasing rates of P levels in blended NPS fertilizer from 0 to 
150 kg ha–1 showed progressive increase in plant height (Table 3). 
However, no significant variation was observed for these parameters 
due to the main effect of inter-row spacing. Thus, the highest plant 
height (56.79) was recorded at the highest rate of application of (150 
kg ha-1 P) and it was statistically at par with P rates of 100 kg ha-1 P, 
while the lowest plant height (38.01 cm) was recorded for the control. 
The increase in plant height in response to the increased P application 
rate in blended NPS might be due to the maximum vegetative growth 
of the plants under higher P availability. In agreement with this result, 

Dejene T et al. reported that phosphorus have significantly increased 
plant height at application of 30 kg ha-1 P on common bean [21].

Yield and yield components

Number of total pods per plant: Significant (P<0.05) effects of 
P application rate in blended NPS fertilizer and inter-row spacing 
were observed on the number of total pods per plant while the 
interaction effect did not significantly influence the number of total 
pods. The highest number of total pods per plant (8.64) was recorded 
at application rate of 150 kg ha-1 P whereas the lowest number of total 
pods (6.45) was obtained from the control. 

The increase in number of total pods with the increased P rates 
might be possibly due to adequate availability of P which might have 
facilitated the production of primary branches and plant height which 
might in turn have contributed for the production of higher number 
of total pods. In conformity with this result, Tesfaye T et al. reported 
that number of pods per plant increased from 2.31 to 10.62 with the 
increase in P rate from 0 to 39.6 kg ha-1 [26]. Thus, the increment of 
number of pods per plant due to application of P fertilizer confirms 
the fact that P fertilizer promotes the formation of nodes and pods in 
legumes. In agreement with this result, Shanka D et al. also found that 
the number of pods per plant of common bean significantly increased 
in response to increasing rate of phosphorus up-to the highest rate 
(92 kg ha-1 P2O5) [22].

The main effects of inter- row spacing had a highly significant 
(P<0.01) effect on the number of pods per plant. The highest number 
of pods per plant (9.25) was obtained with wider inter-row spacing (60 
cm) while the lowest number of pods per plant (6.02) was recorded 
for narrow inter-row spacing (30 cm). The variation in the number 
of pods per plant among the inter-row spacing might be related as 
the plant population increased there was high competition for the 
growth factors as compared to wider spacing which had impact on 
the number of pods per plant. The reduced competition for light 
and reduced overlapping from adjacent common bean plants could 

Table 3: Means of days to 50% flowering, days 90% maturity,  plant height (cm), number of pod per plant, number of seed per pod, hundred seed weight, and grain 
yield, and inter row spacing of common bean at Adola during 2016 and 2017 main cropping season.

Treatment DF DM PH (cm) NPPP PL (cm) NSPP HSW (g) GY (kg ha-1)
Phosphorus rate

0 40.33a 89.33c 33.49c 6.45c 9.20 2.81 55.42b 1606c

50 38.08b 91.25b 42.23b 7.18bc 9.65 2.8 57.50b 1965b

100 38b 91.42b 50.38a 7.95ab 9.22 2.77 56.88b 2109b

150 38.5a 93.92a 51.84a 8.64a 9.45 2.84 60.62a 2494a

Mean 38.33 91.48 44.50 7.55 9.38 2.81 57.60 2043.58
LSD (5%) 1.01 1.81 3.94 1.36 NS NS 2.50 	 316.43

CV (%) 3.2 3.6 9.5 21.8 10.3 11.2 5.3 18.6
Inter-row spacing

30 38.58 92.08 42.54 6.02c 9.15ab 2.67b 57.71 2038
40 38.75 91.17 43.78 6.92c 8.89a 2.73b 57.92 1913
50 38.92 91.0 46.02 8.03b 9.65ab 2.84ab 58.54 2224
60 38.64 91.67 45.6 9.25a 9.83a 2.99a 56.25 2000

Mean 44.5 7.55 9.38 2.82 57.60 2043.58
LSD (5%) NS NS NS 1.10 0.74 0.23 2.90 NS

CV (%) 4.1 3.9 19.4 17.8 9.6 10.3 6.1 24.3

Where DF: Days to Flowering; DM: Days to Maturity; PH: Plant Height; NPPP: Number of Pods Per Plant; PL: Pod Length; NSPP: Number of Seed Per Pod; HSW: 
Hundred Seed Weight; GY: Grain Yield; LSD: Least Significance Difference; CV: Coefficient of Variation; NS: Non-Significant
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have enabled the plants grown at wider spacing to utilize its energy 
for more branching and subsequently, the greater number of pods 
per plant. In agreement to the present result, Khan EA et al. reported 
higher number of pods plant–1 (41.47) in the wider inter-row spacing 
(45 cm) of chickpea [23].

Number of seed per pod: The analysis of variance showed that 
the interaction effect of P application rates and inter-row spacing 
were not significant, but the main effects of inter-row spacing had 
significantly (P<0.05) effect on the number of seeds per pod. The 
highest number of seeds per pod (2.99) was recorded for wider inter 
row spacing (60 cm) whereas the least number of seeds per pod (2.67) 
was recorded for inter-row spacing of 40 cm which statistically at par 
with that of 30 cm and 50 cm. In agreement with the present result, 
Idris AL et al. reported that number of seeds per pod increased with 
decreased plant density of faba bean [24]. Khan EA et al. also reported 
decreased number of seeds per pod from 1.87 to 1.81 as seed rate 
increased from 60 kg ha-1 to 75 kg ha-1 on chickpea [23].

Pod length: Analysis of means indicated significant variations in 
pod length due to the main effects of inter-row spacing. However, 
applied P fertilizer and it’s interaction with inter-row spacing did 
not show significant variations in pod length (Table 3). On average, 
the longest pod was recorded under wider inter-row spacing of 60 
cm. This might be under wider row spacing, there is better photo-
assimilate translocation to other plant parts that would contribute to 
increments in yield attributing traits such as pod length.

Grain yield: Grain yield was highly significantly (P<0.01) affected 
by the main effect of P rates, and was not affected due to main effects 
of inter-row spacing and the interaction of inter row spacing with 
P fertilizer rates combination. The highest grain yield (2494) was 
recorded highest rate of P application at 150 kg ha-1 P which was 
followed by 2109 and 1965 kg ha-1 application of 100 and 50 kg ha-1 
P) respectively while the lowest yield (1606) was observed for nil 
application of P fertilizer.

The result might be attributed to the fact that applying P fertilizer 

increases crop growth and yield on soils which are naturally low in 
P and in soils that have been depleted. Similar results were reported 
by Murat G et al. that P application at the rate of 46 kg ha-1 P2O5 gave 
higher number of pods per plant and yield as compared to unfertilized 
plots in common bean [25]. This result is also in agreement with that 
of Negash F et al. who reported that the application of 27 kg N and 
69 kg ha-1 P2O5 had significantly improved grain yield of common 
bean [26]. 

Hundred seed weight: The analysis of variance revealed that P 
application rates and inter-row interactions had no significant effect 
on hundred seed weight. But main effect of P application rates had 
significant (P<0.05) effect on hundred seed weight. The highest 
hundred seed weight (60.62 g) was recorded due to the application of 
highest rate of P fertilizer (150 kg ha-1 P), whereas the lowest hundred 
seed weight (55.42 g) was obtained under the control which was 
statistical in parity with 50 and 100 kg ha-1 P. This might be because 
nutrient use efficiency by crop was enhanced at optimum level of P 
since grain weight indicates the amount of resource utilized during 
critical growth periods. 

The increase in hundred seed weight as a result of increased P 
application might be attributed to important roles the nutrient plays 
in regenerative growth of the crop, leading to increased seed size, 
which in turn may improve hundred seed weight [27]. Similarly, 
Girma A et al. observed significant increase in thousand seed weights 
of common bean as a result of phosphorus application up to 40 kg ha-1 
[28]. In conformity with this result, Loha G et al. found that varieties 
and their interactions with P fertilizer had significant effect on bean 
thousand seed weight [29].

Economic analysis: The agronomic data upon which the 
recommendations are based must be relevant to the farmers’ own agro-
ecological conditions, and the evaluation of those data must be consistent 
with the farmers’ goals and socio-economic circumstances [30].

 The net benefit was computed due to common bean varieties, 
application of blended NPS fertilizer and interaction of varieties 

Table 4: Result of economic analysis for effect of phosphorus rates in blended fertilizer (NPS) and row spacing for bushy type common bean (Phaseolus vulgaris L.) 
at Adola during 2016-2017 main cropping season.

P+Inter-row 
spacing 

Adjusted yield (kg 
ha-1) NPS cost NPS application cost Total variable 

cost (TC) MP (Birr kg-1) TR (Birr ha-1) NB (Birr ha-1)

0+30 1608.87 0 0 0 13 20915.31 20915.31
0+40 1534.95 0 0 0 13 19954.35 19954.35
0+50 1799.68 0 0 0 13 23395.84 23395.84
0+60 1479.13 0 0 0 13 19228.69 19228.69

50+30 2240.59 700 420 1120 13 29127.67 28007.67
50+40 1906.02 700 420 1120 13 24778.26 23658.26
50+50 1845.48 700 420 1120 13 23991.24 22871.24
50+60 1868.68 700 420 1120 13 24292.84 23172.84

100+30 1975.81 1400 420 1820 13 25685.53 23865.53
100+40 2059.14 1400 420 1820 13 26768.82 24948.82
100+50 2427.88 1400 420 1820 13 31562.44 29742.44
100+60 1973.4 1400 420 1820 13 25654.2 23834.2
150+30 2327.65 2100 420 2520 13 30259.45 27739.45
150+40 2150.54 2100 420 2520 13 27957.02 25437.02
150+50 2822.12 2100 420 2520 13 36687.56 34167.56
150+60 2677.3 2100 420 2520 13 34804.9 32284.9

Where P: Phosphorus; MP: Market Price; TR: Total Return; NB: Net Benefit
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with application of blended NPS fertilizer. The economic analysis 
revealed that highest net benefit (34167.56 Birr ha-1) was obtained 
from combination of inter row spacing of 50 cm with application of 
150 kg ha-1 NPS while the lowest net benefit (19228.69 Birr ha-1) was 
obtained from wider inter row spacing of 60 cm with no application 
fertilizer (Table 4).

Therefore, production of Ibado variety with inter row spacing 
of 50 cm and 150 kg ha-1 NPS was most productive for economical 
production and can be recommended for the study area. Shanka D et 
al. reported that planting of the cultivar Nasir produced the highest 
net benefit (15903.1 Birr ha-1) with acceptable marginal rate of return 
(30-40%) compared to other cultivars at Areka [22]. Negash F et al. 
also reported net benefit of 21, 070 ETB ha-1 with marginal rate of 
return of 80% by the application of 69 kg ha-1 P2O5 at Areka [26].

Summary, Conclusions and Recommendation
In Ethiopia, common bean is usually grown by smallholder farmers 

and the average yield of the crop is low. This low yield of common 
bean in Ethiopia is attributed to several production constraints, 
which include poor agronomic practices such as low soil fertility 
management, untimely and inappropriate field operations, rainfall 
variability and diseases and insect pests. Hence, a field experiment 
was conducted in Adola sub-site of Bore Agricultural Research Centre 
during the 2016-2017 main cropping seasons to determine optimum 
phosphorus rates in blended NPS and appropriate inter-row spacing 
for common bean production in the study area. The factors studied 
were four rates of phosphorus in blended in NPS (0, 50, 100 and 150 
kg ha-1) that contain 19% N, 38% P2O5 and 7% S and four inter-row 
spacing of common bean (30, 40, 50, 60 cm). These were laid out in 
a factorial arrangement in randomized complete block design with 
three replications. 

The main effect of P rate in blended NPS was significant on plant 
height, number of total pods per plant, days to flowering, days to 
maturity, hundred seed weight, number of primary branches per 
plant and grain yield. Significantly the highest number of plant height 
(51.84 cm), number of total pods per plant (8.64), days to flowering 
(40.5), days to maturity (93.92), hundred seed weight (60.62) and 
grain yield (2494 kg ha-1) were recorded at the highest rate of 150 kg 
ha-1 P whereas the highest number of days (40.33) to reach flowering 
was recorded due to nil application. 

Inter-row spacing exhibited significant effect on number of total 
pods per plant and number of seed per plant. Among the inter-row 
spacing, 60 cm gave significantly the highest number of total pods 
per plant (9.25) and number of seed per plant (2.99). The interaction 
of inter-row spacing and phosphorus rates had non-significant effect 
on almost all parameters except number of primary branches per 
plant. The significantly highest number of primary branches per plant 
(4.7) was recorded with nil application of P under wider inter-row 
spacing of 60 cm and it was statistically at par with P rates of 150 kg 
ha-1 for inter-row spacing of 40 cm. The economic analysis revealed 
that the highest net benefit (34167.56 Birr ha-1) was obtained from 
combination of inter-row spacing of 50 cm with application of 150 P 
kg ha-1 while the lowest net benefit (19228.69 Birr ha-1) was obtained 
from wider inter-row spacing of 60 cm with no application fertilizer 
(Table 3).

Therefore, production of Ibado variety with inter-row spacing 
of 50 cm and 150 P kg ha-1 was most productive for economical 
production and can be recommended for the study area.
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