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ABSTRACT 
 
Soil fertility is one of the factors limiting the production of common bean in Ethiopia. Thus, field 
experiment was conducted to assess the effect of Rhizobium and NP fertilizers combination on 
nodulation, growth, yield components and yield of common bean cultivars and economically 
beneficial combination of NP and inoculants for each cultivar. The experiment was conducted at 
Melkassa Agricultural Research Center under rain fed conditions during the main cropping season. 
The experiment plot was laid at split plot design in three replications. Seven common bean cultivars 
(sub-plot factor) with five levels of NP fertilizer combined with inoculant (main-plot factor) (full 
recommended rate of NP fertilizer or 46 kg ha-1 of P2O5 and 41 kg ha-1of N alone, Rhizobium with 
23 kg ha-1 of P2O5 and 20.5 kg ha-1of N, Rhizobium with 11.5 kg ha-1 of P2O5 and 10.25 kg ha-1of N, 
Rhizobium alone, and control) used as treatments. The main effects of combination of NP with 
inoculant significantly influenced, nodule number, nodule color, plant height and number of primary 
branches. All inoculated treatments recorded highest nodulation parameters over uninoculated. The 
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combination of 23 kg ha-1 of P2O5 and 20.5 kg ha-1 of N with inoculant recorded highest nodule 
number (17.14) per plant. Among the cultivars, Nassir was best for nodulation parameters. The 
interaction of combined application of NP fertilizer with inoculant and cultivars had significant effect 
pods per plant, 100 seed weight and grain yield. Analysis of variance for net benefits significantly 
affected due to common bean cultivars, combine application of NP fertilizer with inoculant and 
interaction of cultivars and combined application of NP fertilizer. The Economic analysis indicated 
that full recommended rate of NP fertilizer had economical advantage for only cultivar Awash-1. 
Among the cultivars Batu, DRK and Nassir recorded the highest marginal rate of return due to 
inoculation relative to other tested combination. Finally, Study conclude that, rhizobium strain (EAL 
429) is more effective than that of indigenous soil Rhizobium population. Cultivar Nassir seemed to 
be more responsive to infection by inoculated strain EAL 429. However, the results presented here 
need to be further evaluated for sound recommendation.  
 

 
Keywords: Common bean; combination; Inoculant; NP fertilizer; Rhizobium. 
 
1. INTRODUCTION 
 
In Ethiopia, the common bean is usually grown 
by subsistence farmers as a sole crop and/or 
intercropped with either cereals (maize and 
sorghum) or tree crops (enset, coffee, etc.). The 
national area of common bean production is 
estimated at 366,876.94 ha of land and from 
which about 463,008.49 tons are produced in 
2015 cropping season [1]. According to report of 
CSA [1], the current national average yield of 
common bean is 1262 kg ha-1. However, this 
yield is far less than the attainable yield (2500-
3000 kg ha-1) under good management 
conditions for most improved cultivars. Low soil 
fertility has been repeatedly reported as one of 
the major factors affecting bean production in the 
central rift valley of Ethiopia [2]. A range of 
environmental factors, such as low soil nitrogen 
and phosphorus levels, and acidic soil conditions 
are important constraints for bean production in 
most areas where the crop is grown [3].  
 
On the other hand, indiscriminate uses of 
chemical fertilizers to refill soil N and P is 
resulting in high production costs, severe 
environmental contamination and an affordable 
to small holder farmer. Therefore, crops like 
common beans are important in many cropping 
systems because of their ability to fix 
atmospheric nitrogen and they can obtain their 
nitrogen demand from biological nitrogen fixation 
[4]. Besides the above facts, the long- term use 
of bio-fertilizers is economical, eco-friendly, more 
efficient, productive and accessible to marginal 
and small holder farmers over chemical fertilizers 
[5]. In Ethiopia, biofertilizer is new technology 
and not widely used by the farmer but inoculants 
were selected and distribute to the farmers. 
However, the performances of the released 

cultivars of common bean to inoculation were not 
evaluated. Thus, the objectives of this study 
were: to assess the effect of combined 
application of inoculant and NP fertilizers on 
growth, yield and yield component of common 
bean cultivars and economically beneficial 
combination of NP and inoculants for each 
cultivar. 
 
2. MATERIALS AND METHODS 
 
2.1 Description of the Experimental Site 
 
The experiment was conducted at Melkassa 
Agricultural Research Center (MARC) in central 
Rift valley of Ethiopian under rain fed conditions 
during the main cropping season (June–
October). It is located at 8° 24' N latitude and 39° 
12' E longitude with an altitude of 1550 m a.s.l. 
The climate of the location ranges from arid to 
semi-arid type [6]. The long-term mean annual 
rainfall is 791.69 mm with erratic distribution 
having peaks in July and August. The long-term 
(1977-2005) mean monthly maximum and 
minimum temperature is 28 and 14°C, 
respectively [7]. The Soil Physico-chemical 
properties of the experimental site was tested 
before the experiment. The results of soil 
analysis for soil chemical and physical properties 
such as for soil pH, total nitrogen, organic matter, 
available phosphorus and soil texture is indicated 
in Table 1. According to the laboratory analysis, 
the soil class of the experimental area was clay 
sandy loam (sand 44, silt 21 and clay 35%) which 
is suitable for common bean. 
 

2.2 Description of Experimental Materials 
 
The study was conducted in a factorial 
combination of seven released common bean
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Table 1. Selected physico-chemical properties of the soil of the experimental site before 
planting 

 
Soil characters Values Rating   Reference  
pH (by 1: 2.5 soil water ratio) 7.7 Moderately alkaline  Tekalign [8] 
Total nitrogen (%) 0.084 Low Tekalign [8] 
Organic matter (%) 2.90 medium  Tekalign [8] 
Available phosphorus (ppm) 23.82 High Marx [9] 

 
cultivars (Awash-1, Awash-Melka, Nassir, 
Dinkinesh, Dark Red Kidney Beans (DRK) and 
Batu) with five levels of Rhizobium strain 
(EAL429) and NP fertilizer combination used as 
treatments. The inoculant of Rhizobium strain 
EAL429 was obtained from commercial 
Producer. The cultivars were selected based on 
the production status and adaptability to central 
rift valley. UREA (46% N) and Di-Ammonium 
phosphate (DAP) (18% N and 46% P2O5) were 
used as the source of NP fertilizer. 
 
2.3 Treatments and Experimental Design 
 
The experiment was laid out in split plot design; 
five levels of Rhizobium strain (EAL429) and NP 
fertilizer combination with the seven common 
bean cultivars were used as treatments. Fertilizer 
and inoculant combinations were used as main 
plot (T1 = Control, T2 = recommended rate of NP 
or 46 kg ha-1 of P2O5 + 41 kg ha-1of N, T3 = 50% 
recommended rate of NP or 23 kg ha-1 of P2O5 
and 20.5 kg ha-1of N with Rhizobium, T4 = 25% 
recommended rate of NP or 11.5 kg ha-1 of P2O5 
and 10.25 kg ha-1of N with Rhizobium; and T5 = 
Rhizobium alone) while cultivars were arranged 
in subplots. Seeds were planted in rows with the 
spacing of 10 cm between plants and 40 cm 
between rows. The gross plot size was 2.8 m x 4 
m (11.2 m2) which had 7 rows and spacing 
between plots and blocks were 0.6 m and 1m, 
respectively. Two border rows and two plant 
stand at the end of each row were left as a 
border effect and net harvested plot size was 2m 
x 4m (8 m2). 
 
2.4 Management of the Experiment 
 
The experimental field was prepared by 
ploughing two times using tractor. Seeds were 
planted in the row at the rate of one seed per 
hole. Fertilizers were applied at sowing time as 
per their treatment by side dressing. Before 
planting, beans were rinsed in sugar solution to 
help the inoculant carrier material to stick on the 
seeds. The seed inoculation was done just 
before planting under shade to maintain the 
viability of cells at the rate of 10 g/kg of seed. 

Other crop management were done for all plot 
equally. Crop was harvested at maturity manually 
for each plot from the central five rows.  
 
2.5 Data Collection and Measurement 
 
2.5.1 Nodulation data 
 
Five plants were sampled randomly from the 
middle rows of each plot at mid flowering. The 
whole plant was carefully uprooted using shovel 
so as to obtain intact roots and undisturbed soil 
for nodulation parameters. The undisturbed soil 
samples were wrapped in pot and transported to 
the laboratory where the soil was washed from 
the roots using gently running tap water over a 
metal sieve. Nodules from roots were removed 
carefully. The total numbers of nodules were 
counted and the average value of five plants was 
recorded as number of nodules per plant. To 
determine the nodule color, five representative 
nodules were taken from the same sample and 
dissected with blade to observe their color in the 
center. The color score was made in 1-4 scale 
as: 1=white, 2=pink, 3=slightly red and 4=deep 
dark red, this color scale was adopted from 
[10]. Legume nodules having pink or dark red 
centers due to presence of leghemoglobin are 
an indication for effectiveness of the Rhizobial 
strain used and is correlated to nitrogen [11] 
and the nodules having color white/green 
considered ineffective nodules. 
 
Plant height (cm) and Number of primary 
branches were measured from five central row of 
each experimental plot at physiological maturity; 
by measuring the plant height from the ground to 
top of plant and counting main shoots, 
respectively.  
 
2.5.2 Yield components and Yield  
 
Number of pods per plant was determined by 
counting pods of five randomly taken plants from 
the net plot area at harvest and the means were 
recorded as number of pods per plant and; then 
the pod was trashed and seeds were counted. 
Total numbers of seeds were divided by total 
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number of pods to compute average number of 
seeds per pod.  
 
Hundred seed weight (g) was recorded by 
weighing 100 randomly taken seeds from the 
harvested yield using a sensitive balance and the 
weight was adjusted to 10% seed moisture 
content. At harvest maturity, whole plants from 
the central 5 rows of net plot size 2 x 4m (8 m2) 
were manually harvested. Threshing was done 
manually and separately for each plot. The seed 
yield was adjusted to moisture level of 10%. 
Finally, yield per plot was converted to ha-1 basis 
and reported as kilogram per hectare.  
 
2.6 Statistical Data Analysis 
 
Data were analyzed using analysis of variance 
(ANOVA) following the standard procedure given 
by Gomez and Gomez [12] and analyses were 
done using GenStat (15th edition) software [13]. 
Comparison among treatment means with 
significant difference for measured and scored 
characters was made using Least Significant 
Difference (LSD) test at 5% level of significant. 
 
2.7 Economic Analysis   
 
Economic analysis was performed using partial 
budget analysis following the procedure 
described by CIMMYT [14]. Marginal rate of 
return (cost benefit ratio) is a criterion which 
measures the effect of additional capital invested 
on net returns using new managements 
compared with the previous one. It provides the 
value of benefit obtained per the amount of 
additional cost incurred percentage. Marginal 
rate of return was calculated by partial budget 
analysis using the formula: - 
 

 %100x
DIC

DNI
MRR =

 
 

Where, MRR is marginal rate of returns (cost 
benefit ratio), DNI is the difference in net income 
between treatment and DIC is the difference in 
input cost between treatment. The minimum 
acceptable rate of return for farmer 
recommendation of new technology is 100% [14]. 
The average yield obtained from experimental 
plot was reducing by 10% to adjust with the 
expected farmer yield by the same treatment. 
Prices of grain (Birr kg-1) were obtained from 
local market for each cultivars and total sale from 
one hectare was computed using adjusted yield. 
Price of seeds, cost of fertilizer, inoculant, sugar 

(sticker for inoculant with seed), application cost 
of fertilizer and inoculation, cost of clearing of 
yield and transportation of yield from field to local 
market were considered as the cost that vary for 
treatment.  
 
3. RESULTS AND DISCUSSION 
 
3.1 Growth Parameters  
 
3.1.1 Total nodule number  
 
Total number of nodules per plant was 
significantly (P≤0.05) affected due to the cultivars 
of common bean. The highest number of nodules 
per plant (15.3) was obtained from cultivar Nassir 
while the lowest number (6.0) was for cultivar 
Deme (Table 2). The results of this experiment 
showed variability in nodulation among the 
cultivars, which might be inadequate 
compatibility between the cultivars used and 
strain applied. In conformity with this result, [15] 
reported apparent differences in compatibility of 
bean cultivars to inoculant (bacterial strain) for 
nodulation responses. Similarly, nodule number 
per plant was significantly (P<0.001) affected by 
combined application of NP fertilizer with 
Rhizobium. However, the interaction effect of 
cultivars and combined application of fertilizer 
with Rhizobium was not significant. The 
inoculated treatments had significantly higher 
nodule number per plant over uninoculated 
treatments (control and full recommended rate of 
NP fertilizer without inoculant). The study 
revealed that inoculation significantly improved 
nodule number per plant as compared with 
uninoculated treatment. This is because of 
inoculated bacteria strain had good nodulation 
inducing capacity over the native soil Rhizobium 
population. Many researchers agree that 
inoculation of common bean by proper 
Rhizobium strain had higher number of nodules 
per plant than, that of uninoculated one [16,17] 
Other researchers also testified that, the 
inoculation of common bean with effective 
rhizobium strains had significant increase of 
nodulation and N2 fixation rates relative to the 
indigenous rhizobium population [18]. 
 
Among inoculated treatments, the highest nodule 
number was recorded by combined application of 
23 kg ha-1 of P2O5 and 20.5 kg ha-1 of N with 
Rhizobium inoculation. However, within 
inoculated treatments nodule number did not 
show significant difference due to the application 
of NP fertilizer while application of 23 kg ha-1 of 
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P2O5 and 20.5 kg ha-1of N with Rhizobium 
increased nodule number by 8.33% compared 
with inoculant without NP fertilizer.  
 
Many investigators pointed out that response of 
leguminous plants for nodulation improved by 
artificial mineral fertilizer especially nitrogen and 
phosphorus. For instance, Adama et al. [19] 
reported that nodule dry weight increased with 
increase of nitrogen fertilizer from 0 kg ha-1 to 20 
kg ha-1 with inoculant and other researchers also 
recommended to include a small amount of 
nitrogen in the fertilizer of legume crops at 
sowing time (as a starter dose 10-20 kg ha-1) to 
ensure the young seeding to have an adequate 
N supply until the inoculant become established 
[20].  
 
3.1.2 Nodule color  
 
The present study also assessed the 
effectiveness of the nodule through nodule color. 
The result showed significant (P<0.05) 
differences in nodule color due to both cultivars 
of common bean and combined application of NP 
fertilizer with inoculation. The result indicated that 
in all cultivars except Deme, nodules had pink to 
light red colors. Legume nodules having dark 
pink or red centers (due to leghemoglobin 
presence) are an indication for effectiveness of 
the strain used and also positive correlation    
with higher nitrogen fixed [11]. Uninoculated 
treatments both control and full rate of nitrogen 
and phosphorus fertilizer had white and/or green 
nodule color, which indicated the ineffectiveness 
of the existing native Rhizobium population in the 
soil. However, within inoculated treatment there 
was no significant difference for nodule color due 
to application of NP fertilizer almost all with 
treatments had pink to light red color. The 
interaction of cultivars with combined application 
of NP fertilizer and inoculant was not significant 
effect on the color of nodules. 
 
3.1.3 Plant height  
 
Analysis of variance showed highly significant 
(p<0.001) difference among cultivars for plant 
height at physiological maturity. The variation in 
plant height within common bean cultivars 
might be attributed to their inherent genetic 
characters and variation between the cultivars 
in response to inoculation and NP fertilizer 
combination. In agreement with this result, [21] 
reported that, plant height difference within 
common bean cultivars could be due to 
differences among the genotype with respect to 

absorption of nutrients, nitrogen fixation and 
accumulation of other relevant nutrients. 
 
The plant height was also significantly (P<0.05) 
affected due to the main effect of combined 
application of NP fertilizer with inoculant. 
Recommended rate of NP fertilizer with 
Rhizobium gave the highest plant height (43.4 
cm) while the lowest was recorded by control 
(40.0cm). Treatments that received Rhizobium 
inoculant without NP fertilizer recorded higher 
plant height than the control (Table 2). In 
conformity with this result, Rhizobia inoculation in 
cowpea significantly improved the plant height 
measured at four, six and eight weeks after 
planting in both screen house and field 
experiments relative to the control treatment [22]. 
On the other hand, the interaction effect of 
common bean cultivars with combined 
application of NP fertilizer with inoculant was not 
significant on plant height. 
 
3.1.4 Number of primary branches 
 
The main effect of cultivars of common bean on 
the number of primary branches per plant was 
significant where cultivars Awash-Melka (6.8) 
and Dinkinesh (6.8) recorded highest number 
primary branches per plant while the lowest (4.5) 
number of primary branches was recorded from 
cultivar DRK. 
 
Significance (P≤0.05) difference on number of 
primary branches per plant was also observed 
due to the main effect of combined application 
of NP fertilizer with Rhizobium inoculation. 
However, the interaction effect of cultivars and 
combined application of NP fertilizer with 
inoculant was not significant. Maximum number 
of primary branches per plant (6.6) was recorded 
due to application of recommended rate NP 
fertilizer without inoculant while the lowest 
number of primary branches (5.3) was recorded 
by both control and application of 11.5 kg ha-1 of 
P2O5 and 10.25 kg ha-1of N with inoculant. 
However, the maximum number of primary 
branches per plant at recommended NP rate was 
not significantly different from 23 kg ha-1 of P2O5 
and 20.5 kg ha-1of N with Rhizobium (Table 2). 
Even though there was no significant difference, 
the number of primary branches per plant was 
higher with inoculant alone than the control. This 
result is in line with report reviewed by Mfilinge et 
al. [23] that, inoculation of chickpea with 
Rhizobium in field and in the glass house 
reported significantly increased number of 
branches per plant. 
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Table 2. The main effect of cultivar and combined application of NP fertilizer with inoculant on 
nodule number per plant and nodule color, plant height, number of primary branch and 

number of seed per pod 
 
Treatment Nodule 

number  
Nodule 
color  

Plant height 
(cm) 

No of primary 
branches/plant 

Number of 
seeds per pod 

Fertilizer combination  
T1 4.8 b 1.1 b 40.0 b 5.3 b 4.1 
T2 7.1b 1.6 b 43.4 a 6.6 a 4.4 
T3 17.1 a 2.9 a 43.3 a 6.5 a 4.1 
T4 13.3 a 2.9 a 42.5 a 5.3 b 4.3 
T5 15.7 a 2.9 a 41.3ab 5.8ab 4.2 
LSD (0.05) 4.04 0.77 2.3 0.8 NS 

Cultivars 
Awash-1 12.0 ab 2.5 ab 40.3 c 6.4ab 4.7a 
Awash-Melka  12.7 ab 2.0 bc 42.7 bc 6.8 a 4.9a 
Nassir  15.3 a 2.9 a 43.4 b 5.9 b 4.2b 
Dinkinesh  10.7 b 2.6 ab 49.5 a 6.8 a 5.0 a 
Deme  6.0 c 1.3 c 50.9 a 6.1 b 3.5dc 
DRK  12.0 ab 2.2 ab 33.6 d 4.5 c 3.9bc 
Batu  12.7 ab 2.4 ab 34.1 d 4.8 c 3.3d 
LSD (0.05) 4.3 0.67 2.6 0.7 0.41 
CV (%) 18.4 18 2.9 7.5 13.2 

Means within columns followed by the same letter are not significantly different at 5% level of significance 
T1=Control (no Rhizobium or no fertilizer ),T2=N and P fertilizer at recommended rate (46 kg ha-1 of P2O5 and  41 
kg ha-1of N),T3=Rhizobium + ½ of recommended rate (23 kg ha-1 of P2O5 and  20.5 kg ha-1of N ),T4=Rhizobium + 

¼  of recommended rate (11.5 kg ha -1 of P2O5 and  10.25 kg ha-1of N),T5=Rhizobium only , DRK=Dark red 
kidney, LSD= least significant difference, CV= Coefficient of Variation 

 
Table 3. The interaction effect of cultivars and combined application of NP fertilizer with 

inoculant on number of pods per plant of common bean 
 

Cultivars 
Fertilizer Awash-1 Awash-Melka Nassir  Dinkinesh  Deme  DRK  Batu  
T1 21.2 d-g 13.0i-l 20.6cde 17.20ghi 11.0j-n  7.4n 10.6j-n 
T2 30.0 a 24.9bcd 23.4cde 23.33cde 10.9j-n  12.6jkl 18.7e-h 
T3 29.0 ab 26.1abc 21.3d-g 24.20cd 11.8j-n 10.5j-n 14.4h-k 
T4 22.7cde 24.3cd 21.7c-g  23.06cde 9.2lmn 10.2k-n 15.0hij 
T5 22.3c-f 20.7d-g 22.5d-g 17.80fgh  7.0n 7.9mn 12.2j-m 
LSD (0.05)  4.6             
CV (%) 4.4       

Means within columns and row followed by the same letter are not significantly different at 5% level of 
significance T1=Control (no Rhizobium or no fertilizer ),T2=N and P fertilizer at recommended rate (46 kg ha-1 of 
P2O5 and  41 kg ha-1of N),T3=Rhizobium + ½ of recommended rate (23 kg ha-1 of P2O5 and  20.5 kg ha-1of N ), 
T4=Rhizobium + ¼  of recommended rate (11.5 kg ha -1 of P2O5 and  10.25 kg ha-1of N),T5=Rhizobium only , 

DRK=Dark red kidney, LSD= least significant difference, CV= Coefficient of Variation 
 
3.2 Yield Components and Yield 
 
3.2.1 Number of pods per plant 
 
The analysis of variance showed significant 
(P<0.001) difference on the number of pods per 
plant due to main effects of cultivars and 
combined application of fertilizer and inoculant. 
Moreover, the interaction effect of cultivars and 
combined application of NP fertilizer with 
Rhizobium was significant (P<0.05) on the 

number of pods per plant. The cultivars Awash-1, 
Nassir, Batu and DRK recorded higher number of 
pods per plant with interaction of full 
recommended rate of NP fertilizer and also, 
others cultivars recorded higher pod per plant 
due to interaction with 23 kg ha-1 of P2O5 and 
20.5 kg ha-1of N + inoculant. Though, the later 
fertilizer combination application half less than 
former NP fertilizer application. But, variation of 
these fertilizer combination was not significantly 
different for all cultivars. This might be due to the 
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positive influence of optimum amount of mineral 
NP fertilizer with inoculation on pod formation of 
legumes. In line with this result, [24] reported that 
at constant phosphorus (80 kg ha-1 P2O5) 
application and inoculation, numbers of pods per 
plant were increased with the increased amount 
of nitrogen fertilizer from 0 kg ha-1 to 40 kg ha-1 

per hectare on common bean. Khan [25] also 
observed that P application and Rhizobium 
inoculation of green gram significantly increased 
pod formation as compared with uninoculated 
treatments. 
 
The cultivars Awash -1 and DRK were recorded 
highest and lowest number of pods per plant, 
respectively due to interaction of cultivars with 
control treatment and also, the interaction of 
inoculant alone with cultivars; cultivar Awah-1 
was recorded highest pod per plant and cultivar 
Deme was recorded lowest pod per plant. This 
might be the existence of difference among the 
common bean cultivars for response to inoculant 
and could also indicate the effectiveness of 
inoculant over native soil Rhizobium. This result 
was in agreement with the study by [24] who 
indicated that inoculation had given significantly 
higher number of pods per plant for common 
bean over the control (no fertilizer and no 
inoculant). 
 
3.2.2 Number of seeds per pod  
 
Number of seeds per pod showed highly 
significant (P<0.001) difference among the 
cultivars. The highest numbers of seeds per 
pod (5.0) were recorded from cultivar Dinkinesh 
followed by Awash-Melka (4.9) and Awash-1 
(4.7) whereas the least number of seeds per pod 
(3.3) was recorded for cultivar Batu (Table 2). On 
the other hand, the number of seeds per pod 
was not significantly affected due to both main 
effect of combined application of NP fertilizer 
with Rhizobium and interaction of cultivars and 
combination of NP fertilizer with inoculant. 
Relatively, the highest number of seeds per pod 
was recorded with the application of 46 kg ha-1 
of P2O5 and 41 kg ha-1of N without Rhizobium 
while the least number of seeds per pod was 
recorded by the control.  
 

Generally, the number of seeds per pod was 
significantly affected due to cultivars, but not by 
fertilizer and inoculation. Thus, variation on the 
number of seeds per pod was highly affected by 
genetic factors than the environmental and 
management. In conformity with this result, [26] 
reported that the number of seeds per pod of 

different common bean genotypes varies in the 
range of 3.1 to 6 and attributed the difference 
mainly due to the genetic variation of cultivars.  
 
3.2.3 Hundred seed weight  
 
Hundred seed weight was found to be affected 
significantly due to cultivars (P<0.001) and 
fertilizer combinations; and also, it was 
significantly (P<0.05) affected by the interaction 
of cultivars and combined application of 
fertilizer with inoculant. Cultivar Deme with 
recommended rate of NP fertilizer without 
inoculation scored the highest hundred seed 
weight (54.2 g) while the lowest hundred seed 
weight (50.7g) was recorded due to interaction 
with the control (Table 4). The interaction of 
cultivars with full recommended rate of NP 
fertilizer without inoculate, the highest and 
lowest hundred seed weight were recorded by 
Deme and Awash-1, respectively. This might be 
due to the presence of difference in seed size 
among the common bean cultivars as hundred 
seed weight increases with increase in the 
seed size.  
 
The cultivar Batu was recorded significantly 
higher hundred seed weight due to inoculate only 
over control treatment. This might be due to the 
positive influence of inoculation on the seed     
dry matter accumulation. This result was in 
agreement with the study by [16] where weight of 
100 seeds increased significantly in the common 
bean inoculated with carrier based as well as 
pure cultures of Rhizobium than that of 
uninoculated (control) treatment. Likewise, 
Fatima et al. [27] observed that single inoculation 
of three different Rhizobium strains with 
phosphorus recorded the highest seed weight of 
soybean over inoculation without phosphorus 
fertilizer. 
 

3.2.4 Grain yield 
 

Grain yield was significantly (P<0.001) affected 
due to main effects of cultivar, combination of 
fertilizer and the interaction of cultivars with 
fertilizer combination. Cultivar Awash-1 was 
recorded highest grain yield (3113 kg ha-1) by 
the combination of 46 kg ha-1 of P2O5 and 41 kg 
ha-1of N with cultivars while the lowest grain 
yield (1882 kg ha-1) was obtained by control.  
 
The cultivar Dinikensh was recorded the higher 
grain yield due to application of 23 kg ha-1 of 
P2O5 and 20.5 kg ha-1of N with inoculants than 
application of full recommended rate of
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Table 4. Interaction effect of cultivars and combined application of NP fertilizer with 
inoculant on hundred seed weight (g) of common bean 

 
Fertilizer Cultivars 

Awash-1 Awash-Melka Nassir  Dinkinesh  Deme  DRK  Batu  
T1 16.8q 19.9no 22.9ij 21.1k-n 50.7cd 45.5 f 40.8 h 
T2 18.5op 20.0 no 23.5i 23.7i 54.2a 49.4de 42.4gh 
T3 17.5pq 21.7j-m 22.5ijk 22.7ijk 52.3bc 49.5de 42.7g 
T4 17.9pq 20.2mn 22.6ijk 23.8i 53.2ab 48.2e 42.7g 
T5 17.1pq 20.64lmn 22.4i-l 23.0 ij 52.1bc 45.6 f 42.7 g 
LSD (0.05)  1.69             
CV (%)  3.3       

Means within columns and row followed by the same letter are not significantly different at 5% level of 
significance T1=Control (no Rhizobium or no fertilizer ), T2=N and P fertilizer at recommended rate (46 kg ha-1 of 
P2O5 and  41 kg ha-1of N), T3=Rhizobium + ½ of recommended rate (23 kg ha-1 of P2O5 and  20.5 kg ha-1of N ), 
T4=Rhizobium + ¼  of recommended rate (11.5 kg ha -1 of P2O5 and  10.25 kg ha-1of N), T5=Rhizobium only , 

DRK=Dark red kidney, LSD= least significant difference, CV= Coefficient of Variation 
 

Table 5. The interaction effect of cultivars and combined application of NP fertilizer with 
inoculant on grain yield (kg ha-1) of common bean 

 
Fertilizer Cultivars 

Awash-1 Awash-Melka  Nassir Dinikensh  Deme  DRK  Batu  
T1 1882mno 2136j-m 2100j-m 1922l-o 2050k-n 1163p 1514op 
T2 3113a 3085ab 3015a-d 2641c-h 2196i-m 2146j-m 2583e-i 
T3 2885a-e 2863a-f 2492e-j 2690a-g 2584d-i 1632no 2371g-k 
T4 2382g-k 3049abc 2322h-l 2446f-k 2409g-k 1518op 2014k-n 
T5 2330h-l 2649b-h 2600c-i 2059j-n 1764mno 1499op 2349h-l 
LSD (0.05) 436.9             
CV (%) 5.3             

Means within columns and row followed by the same letter are not significantly different at 5% level of 
significance T1=Control (no Rhizobium or no fertilizer ), T2=N and P fertilizer at recommended rate (46 kg ha-1 of 
P2O5 and  41 kg ha-1of N), T3=Rhizobium + ½ of recommended rate (23 kg ha-1 of P2O5 and  20.5 kg ha-1of N ), 

T4=Rhizobium + ¼  of recommended rate (11.5 kg ha -1 of P2O5 and  10.25 kg ha-1of N), T5=Rhizobium only, 
DRK=Dark red kidney, LSD= least significant difference, CV= Coefficient of Variation 

 
NP fertilizer. Similar result was also obtained in 
the cultivar of Deme. Therefore, this indicate that, 
application of different rate of NP fertilizer with 
inoculant improved grain yield. In line with this 
result, [27] reported that mixture of Rhizobium 
strains with phosphorus recorded higher seed 
yield of soybean over inoculant without 
phosphorus, and other researchers also reported 
that inoculation along with phosphorus fertilizer 
had a significant effect on nodulation, shoot dry 
matter and grain yield on mung bean [28]. 
Similarly, [19] observed that nodule dry weight 
increased with increase of nitrogen fertilizer from 
0 kg ha-1 to 20 kg ha-1 with inoculant which had 
positive effect on grain yield. 
 
The present study showed that all cultivars 
except Deme grown with inoculant recorded 
higher grain yield as compared with control for 
respective cultivars. However, the effect of 
inoculant on grain yield for each cultivar were 
differed; where inoculation increased grain yield 

by 35.5%, 22.4%, 19.4%, 19.2%, 19.2%, 6.65% 
for Batu, DRK, Awash-Melka, Awash-1, Nassir 
and Dinkinesh, respectively, when compared 
with the control. This result was in agreement 
with finding by [24] where inoculation increased 
grain yield of common bean by 37% compared 
with control (no fertilizer, no inoculate). Other 
investigators also reported that, inoculation of 
common bean recorded the highest grain yield 
over uninoculated treatment [29,30]. 
 
3.3 Economic Analysis 
 
Economic analysis was performed by using 
partial budget; Based on this, the study revealed 
that, all cultivars except Deme, combination with 
inoculant had economical advantage over the 
control. Among the cultivars Batu, DRK and 
Nassire recorded the highest marginal rate of 
return due to inoculation relative to other tested 
combination. Full recommended rate of NP 
fertilizer application had economical advantage 



 
 
 
 

Assefa et al.; IJPSS, 14(1): 1-10, 2017; Article no.IJPSS.30864 
 
 

 
9 
 

for cultivar Awash-1. However, for others 
cultivars application of full recommended rate NP 
fertilizer had no economic benefit the over other 
tested combinations of inoculant with different 
rate of NP fertilizer. Awash-Melka and Deme 
recorded higher economic benefit with 
application of 11.5 kg ha-1 of P2O5 and 10.25 kg 
ha-1 of N with inoculants but for cultivar, 
Dinkinesh higher economic benefit recorded due 
to application of 23 kg ha-1 of P2O5 and 20.5 kg 
ha-1 of N with inoculants. Generally, highest net 
benefit was obtained from combination of cultivar 
Awash-Melka with application 11.5 kg ha-1 of 
P2O5 and 10.25 kg ha-1of N and inoculants which 
means that inoculation was reduced the uses 
chemical fertilizer to quarter from recommended 
rate of NP fertilizer for the area.  
 

4. CONCLUSION 
 
The result of this study indicated that combined 
application of NP fertilizer and rhizobium 
inoculation had positive impact on the nodulation, 
growth, yield component and yield of common 
bean cultivars. Application of full recommended 
rate of NP fertilize (46 kg ha-1 of P2O5 and 41 kg 
ha-1 of N) for common bean production in specific 
area hadn’t significant difference for most 
evaluated character than combined application of 
23 kg ha-1 of P2O5 and 20.5 kg ha-1 of N + 
inoculant; and also, full recommended rate of NP 
fertilizer hadn’t had economical advantage for all 
cultivars except cultivar Awash-1. Therefore, it is 
realistic to conclude that inoculation would 
reduce the application of mineral NP fertilizer by 
half this area. Similarly, from this study it is also 
reasonable to conclude that, rhizobium strain 
(EAL 429) is effective than that of indigenous soil 
Rhizobium population and it gives highest grain 
yield and high net benefit income over the 
control; Cultivar Nassir seemed to be more 
responsive to infection by inoculated strain EAL 
429. However, the results presented here need 
to be evaluated and then confirmed through 
repeated extensive research at specific area for 
sound recommendation. 
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