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Abstract 

Background: Nitrogen fixation by legumes like faba bean is a cheap way of fixing atmospheric nitrogen to plant 
available form. However, the inoculation of grain legumes with rhizobium bacteria are poorly researched in Amhara 
Region of Ethiopia.

Methods: Thus, a study to examine the effects of rhizobium leguminosarum (var vicae) strains on nodulation, 
growth, and yield of faba bean was conducted in Wereillu district of Amhara Region, Ethiopia during the rainy season 
of 2018. The treatments comprised of four levels of faba bean Rhizobium strains (un-inoculated, EAL-1018, EAL-1035 
and EAL-17) arranged in a randomized complete block design with three replications. The collected data on yield and 
yield-related parameters were analyzed using Statistical Analysis System (Statistical Analysis System, version 9.1, SAS 
Institute Inc, Cary, 2003), version 9.1 and subjected to Duncan’s Multiple Range Test for mean separation when the 
analysis of variance was significant.

Results: The result revealed that the effect of EAL-1018 brought significantly (P ≤ 0.05) higher difference on nodule 
number, nodulation volume, nodule dry weight, biomass yield and grain yield compared to the control. Faba bean 
strain, EAL-1018 gave 45.6, 27 and 11.6% grain yield advantage over the control, EAL1017 and EAL 1035 respectively.

Conclusion: Biologically as well as Economically EAL 1018 brought the maximum yield and net benefit (47020.7) 
compared to the other treatments. Hence, EAL-1018 is recommended for the study area and similar agro—ecologies.
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Introduction
Background and justification
Biological nitrogen fixation, which is the conversion of 
atmospheric nitrogen to ammonia by microorganisms 
in root nodules of legume plants, plays a significant role 
in the global nitrogen cycle and in world agriculture. 
The ability to fix nitrogen is widely, but sporadically 

distributed among Archaea and Bacteria which includes 
these families: Proteobacteria, Firmicutes, Cyanobacte-
ria, Actinobacteria and Chlorobi (Santos et al. 2012).

Rhizobia establish symbiotic organs termed root nod-
ules on the roots of their host, and proliferate by extract-
ing nutrients from the host plant. In turn, they supply 
their host plants with nitrogen resources produced by 
nitrogen gas fixation (Fujita et al. 2014).

Faba bean (Vicia faba L.) is an important grain-leg-
ume crop and a good source of dietary protein (Hanelt 
and Mettin 1989). It is a major food and feed legume 
because of the high nutritional value of its seeds, 
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which are rich in protein and starch (Duc et al. 2010). 
Next to China, Ethiopia has been the main producing 
country of faba bean. Ethiopia is also considered as the 
secondary Centre of diversity and also one of the nine 
major agro-geographical production regions of faba 
bean (Hailu et al. 2014).

Faba bean takes the first place among pulse crops’ 
production cultivated in Ethiopia which is leading the 
protein source for the rural people and used to make 
various traditional dishes. According to CSA (2018) 
Faba bean takes over 3.45% of cultivated land with an 
average national productivity of 2.1 tons’ ha-1. It is 
also the first among pulse crops cultivated in Amhara 
region and South Wollo zone with average productiv-
ity of 1.88- and 1.4-tons’ ha-1 respectively (Statistical 
Analysis System 2003; CSA 2018). However, the opti-
mal yield production in faba bean is dependent on 
symbiosis with Rhizobium leguminosarum to produce 
nitrogen-fixing root nodules as well as on the pollina-
tion services of wild bee populations to ensure both 
optimal seeds set and out crossing rates (Sullivan and 
Angra 2016).

Rhizobium symbiosis with legumes produces 50% of 
175 million tons of total biological N2 fixation annu-
ally worldwide (Yadav and Verma 2014). As Herridge 
et al., (2008) reported, the symbiosis of rhizobia forms 
nodules on the roots or stems of the host plant and 
legume-rhizobia symbiosis accounts 60% of the total 
biological nitrogen fixation. Therefore, inoculation of 
legumes with efficient rhizobia is believed to increases 
the yield and yield components of legumes while 
maintaining soil health. It is also supposed to be eco-
friendly practices used for improvement of N fixation 
resulted in increased shoot growth, number of pods, 
and grain yield of faba bean (Siczek and Lipiec 2016).

In Ethiopia, there is a gradual increase in chemical 
fertilizer usage without letting any crop and animal 
manure residues in farm land. This action leads to the 
distraction of microorganisms in the soil, poor soil 
structure, low nutrient and water holding capacity of 
soil and reduce soil fauna-flora distribution. To mini-
mize these environmental and soil damages caused 
by chemical fertilizers, the contribution of biological 
nitrogen fixation while increasing crop production 
plays indisputable role especially in maintaining soil 
health. In Ethiopia, the use of bacterial strain is not 
well advanced due to the lack of considerable effective 
strain selection, production and lack of appropriate 
inoculation of strains on the field. The objective of this 
study is therefore to evaluate the effect of rhizobial 
inoculants on yield and yield components of faba bean.

Materials and methods
Description of the study area
Location
The study was carried out in Wereillu District, of South 
Wollo zone of the Amhara Region, Ethiopia. The experi-
mental site is located at geographical coordinates of 10° 
40′ 6′’ latitude and 39° 26′ 19′’ longitude at an altitude of 
2662 m above sea level (m.a.s.l) (Fig. 1).

Climate
Wereilu is one of the highland districts of South Wollo. 
But it encompasses all kola, woina dega, dega and Wurch 
climatic zones sharing 2, 31, 64 and 3% of the district. 
The rainfall pattern is predominantly bimodal, the short 
(belg) rains falling from mid-January to the end of May 
and the main or kiremt rains falling from June to mid-
October. Based on the last ten years (2008–2017) mete-
orological data obtained from Ethiopian Meteorological 
Service Agency, Kombolcha station, the district receives 
a mean annual rainfall of 873.0  mm with mean mini-
mum and maximum temperatures of 10.3 and 21.6  °C 
respectively.

Fig. 1 The location map of Wereillu district
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Geology of the study area
The geology of Eastern Amhara including the study area 
is covered by Cenozoic volcanic rocks with some sedi-
mentary rocks (Kogal et al. 2012). The major formations 
are Ashangi, Tarmaber-Megezez, Alajae, Aiba basalts and 
Amba-Aradom formations covering 49, 18, 14, 12 and 
3%, respectively (Mengesha Tefera et al. 1996). The geol-
ogy of the study area belongs to Tarmaber-Megezez for-
mations. Tarmaber-Megezez formations are transitional 
and alkaline basalts (Tefera et  al. 1996). According to 
FAO (1984) the soils of Wollo area have been developed 
almost exclusively on Trap Series volcano.

Farming system of Wereillu district
According to Wereillu district agriculture office (2011) 
Wereillu encompasses an area of 110,001 hectares of 
land, from which, 57,383 ha, 11,354 ha, 8767 ha of land 
are allocated for crop production, grazing, natural for-
est, and bush, respectively. The remaining unutilized 
and water bodies cover 8767  ha and 115.5  ha of land, 
respectively. Agriculture takes a greater part as a source 
of income for the farmers; however, it is unable to fully 
meet one of its most basic important functions i.e. the 
provision of food for the large and expanding population. 
Cereals as wheat (triticum aestivum L.), teff (eragrostis 
teff L.), pulse (fabciea L.) and other oil and spices are the 
source of food and cash income. There are two-produc-
tion seasons (meher and belg). Meher is the main season 
and belg producing kebeles are small in number. Out of 
the total land allocated for crop production, 50,116  ha 
is used for meher and 7267  ha for belg production sea-
son. The remaining 770 ha of land is cultivated by using a 
small-scale irrigation system in very few kebeles.

Experimental materials and methodology
Materials
The testing crop was Faba bean (Wolki variety) which is 
already adapted and still perform best in the study area.

Treatments
The experiment was done by using three selected Faba 
bean rhizobial strains based on their performance as rec-
ommended by Holeta micro biology laboratory.

1. Control (without both micro nutrient and bacterial 
rhizobium strain)

2. Faba bean rhizobium strain 17 (EAL 17)
3. Faba bean rhizobium strain 1018 (EAL 1018)
4. Faba bean rhizobium strain 1035 (EAL 1035)

Eighteen kg  ha−1 nitrogen as starter fertilizer and 
20  kg  ha−1 phosphorus which is recommended for faba 
bean in the study district were applied at planting to all 

plots. Before the experimentation, the viability of inocu-
lates was tested to know whether they are viable or not. 
Thus, they were found that their number was above  107 
per one carrier (125 g) and was taken as they are viable. 
Materials used during inoculation of faba bean with 
strains was lukewarm water (36  °C) for sticking the 
strains with faba bean seeds, measuring spoon to take out 
the strains from the carrier, plastic container to mix the 
inoculants with the seed and umbrella was used for shad-
ing the inoculated seeds from direct sunlight.

Experimental setup
Carrier peat-based rhizobium strains of faba bean EAL 
17, EAL 1018 and EAL 1035 were obtained from Soil 
Microbiology Laboratory of Holeta Agricultural Research 
Centre (HARC). First the faba bean seeds were immersed 
in to lukewarm water so as to create anchoring environ-
ment for the Rhaizobium stains. Then under umbrella 
shade, the bacterial strains were opened and mixed 
with the faba bean seeds in mixing container. Finally, 
seeds were allowed to air dry for a few minutes and were 
planted immediately after air drying. Nitrogen and phos-
phorus fertilizer were applied at planting by drilling with 
faba bean seeds in row. The plot size was 3.6 m length by 
3  m width and spacing between plots and blocks was 1 
and 1  m respectively. The spacing between plants and 
rows were also 0.1 and 0.4  m respectively. Ridges were 
made between each plot to reduce the movement of bac-
teria and to reduce the leaching/addition of nutrients 
from plot to plot or from external environment.

Data collection procedures
Nodulation
Sampling for nodulation was performed by excavating 
the roots of five randomly selected plants in each plot 
at mid flowering stage of faba bean by destructive sam-
pling from the boarder rows. A hoe was used to dig out 
the root surrounding soil and the spade was used to exca-
vate the dug soil around 20 cm depth which is approxi-
mately the rooting depth of faba bean, and the radius 
of approximately 12  cm extending out from the central 
stem containing entire root system of the faba bean. The 
excavated soil was washed from the roots using wash-
ing bottle. Nodules from crown region and lateral roots 
subsequently were removed from the roots and collected 
in plastic bag for counting. The total number of nodules 
were counted and the effective and non- effective nodules 
were counted separately (visual observation) in those five 
sample plants by taking the intensity of the pink colour 
into consideration (i.e. nodules which have pink colour is 
considered as effective nodules) and the effective nodules 
undergo further analysis like for nodule number, nod-
ule volume and nodule dry weight. The mean values of 
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effective nodules from the five plants were recorded as 
number of nodules per plant.

The collected effective nodules were immersed in pre-
viously measured volume of water in a measuring cylin-
der. The volume of water displaced by the nodules was 
considered as nodule volume  (cm3). After the determi-
nation of the nodule volume, the collected nodules were 
dried in an oven for 65 h at 75 °C to a constant weight to 
determine nodule dry weight per plant. The average from 
five plants was taken as nodule dry weight per plant.

Plant dry matter
Plant dry matter was determined at mid flowering stage 
of the crop from plants sampled for nodulation. After the 
nodules had been collected from roots, the plant samples 
were placed in a labelled perforated paper bags and oven-
dried to a constant weight for 65 h at 75 °C to determine 
the plant dry matter. The average dry weight of five plants 
was measured to determine dry weight per plant.

Plant height
Five plants from central rows were randomly selected for 
measuring their height at physiological maturity using 
measuring tape. The average height of five plants was 
taken from each plot and was considered as plant height.

Number of pods per plant
Five plants were randomly selected from harvestable 
rows of each plot. The pods were collected and counted 
separately from each plant and their average was taken 
and reported as number of pods per plant.

Number of grains per pod
After pods had been counted from each of the five ran-
domly selected non-border plants, grains were separated 
from pods to get the number of grains per plant. For 
each plant the number of grains per pod was calculated 
by dividing the total number of grains per plant with the 
number of pods per plant. Finally, the mean value of five 
plants was taken as number of grains per pod.

Biomass yield, grain yield and hundred‑grain weight
At physiological maturity, plants from 4 rows of net plot 
size 1.6× 3 m (4.8  m2) were manually harvested close to 
the ground surface. The harvested plant was sun-dried in 
an open air, and was weighed to determine above ground 
plant biomass yield. Grain yield of each plot was also 
determined after threshing. Finally, yield per plot was 
converted to grain yield per hectare basis. The grain yield 
was adjusted to 10% moisture content. The weight of ran-
dom sample of 100 grains in gram was reported as 100 
grain-weight.

Symbiotic effectiveness
The symbiotic effectiveness of faba bean strains was cal-
culated based on the formula set by Mulongoy (2004) as;

where, DM = dry matter in gram, SE = Symbiotic effec-
tiveness (%).

The rate of nitrogen-fixing effectiveness is evaluated as 
highly effective if the value is greater than 80%, effective 
if it was between 50 to 80%, less effective if the values are 
between 35 to 49% and infective when the values were 
below 35%.

Soil sample collection and processing
Disturbed composite surface soil samples (0–30  cm 
depth) were collected from experimental area by zigzag 
sampling method before planting for determination of 
physico-chemical properties of the soil. Similarly, after 
harvesting one soil sample from each plot was taken for 
determination of physico-chemical properties of the soil. 
Then after, the collected samples were air dried at room 
temperature and were ground to pass through a 2  mm 
sieve for most parameters and through 0.5 mm sieve to 
determine total nitrogen and organic carbon. Using core 
sampler, one soil sample was taken from the representa-
tive soil of the study site.

Soil physico‑chemical analysis
Soil samples were analyzed for determination of bulk 
density, particle size distribution, pH, organic carbon, 
cation exchange capacity, exchangeable bases (K, Ca and 
Mg), base saturation and total nitrogen, from the repre-
sentative bulk soil sample before planting and available 
P two weeks after incubation. Total N was analyzed for 
each treatment in all replications following the standard 
procedure after harvest.

Soil bulk density was estimated by core method up to 
30 cm depth and was calculated as ρb =

Ms

Vt

Where ρb is the bulk density of the soil (g/cm3), 
Ms = Mass of the dry soil (g), and Vt = total volume of 
the soil sample  (cm3) (Blake 1965). Soil pH was deter-
mined by potentiometric method at soil: water ratio of 
1:2.5 (Van Reewijk 1991). Cation exchange capacity was 
determined by 1  M ammonium acetate method at pH 
7 (Chapman 1965) whereas organic carbon was deter-
mined by the dichromate oxidation method (Walkley 
and Black 1934) and total nitrogen by the micro kjeld-
hal method (Jackson 1985), available P was analyzed by 
Olsen method (Olsen et al. 1954).  Ca++ and  Mg++ values 

SE =

InoculatedPlantDM

UninoculatedplantDM
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were analyzed from Atomic Absorption Spectrophotom-
eter reading while  K+ was determined using flame pho-
tometer. Soil particle size distribution was determined by 
hydrometer method (Bouyoucus 1951).

Partial budget analysis
The farm gate prices of 12.00 and 1.00 Ethiopian Birr 
(ETB) were used for faba bean grain and straw price 
 kg−1. One hundred fifty and 160 (ETB)  ha−1 for EAL 17 
and EAL 1018 price respectively were used. Having such 
prices, the partial budget analysis was done following the 
CIMMYT procedure (CIMMYT 1988). The mean grain 
yield used in the partial budget analysis was adjusted to 
90% of the actual yield.

Statistical analysis
The data measured were subjected to a statistical analysis 
using SAS software package 2003, version 9.1 for analy-
sis of variance. The LSD mean comparison method at 5% 
level of significance was used to separate the significant 
treatment means.

Results and discussion
Soil analysis results
According to Jones (2003), Murphy (1968) and Taddese 
(1991), the pH is slightly acidic range (Table 1) and such 
a pH range is conducive for biological nitrogen fixation 
(Jordan, 1984). The soil analysis results (Table 1) revealed 
that the organic matter and total nitrogen was in a range 
of low and medium respectively (Murphy 1968; Debele 
1980; Tadese 1991). Thus, in the study area, the applica-
tion of nitrogen-containing fertilizer or inoculation with 
effective strains are mandatory to refill the remaining 
nitrogen that the soil couldn’t supply to the crop. The 

available phosphorus was found low (Olsen et  al. 1954) 
and Moderate (Cottenie 1980) and to fill the nutrient P 
requirement of the crop, the recommended phospho-
rus fertilizer was added. According to FAO (2006) CEC, 
exchangeable Ca, Mg and K were in very high range 
and no need to apply any one of them in the study site. 
The bulk density of the soil laid in a range of moderate 
according to (Hazelton and Murphy 2007) and nitrogen 
fixation is not more difficult to take place under such 
bulk density.

As it is indicated in Table 2, after harvesting total nitro-
gen across all treatments fall under the same nitrogen 
ratting range (medium) (Debele 1980; Tadesse 1991). 
But numerically, the nitrogen content of the soil after 
harvesting is better than the nitrogen content of the soil 
before planting. This may be due to the addition of nitro-
gen into the soil as nitrogen passes into the soil itself, 
either by excretion or more probably by sloughing off of 
the roots and especially of the nodules (Brady and Weils 
2008).

Effect of inoculation on nodulation parameters
Nodule number
As it indicated in Table  3, inoculation of strains sig-
nificantly (P ≤ 0.05) affected nodule number/plant. The 
higher nodule number was obtained from inoculation of 
strain EAL 1018 despite it is not statistically significant 

Table 1 Soil analysis results of  the  study site in  Wereillu 
district at planting

Soil Properties Values

pH  (H2O) 6.4

Organic matter (OM) (%) 1.57

Total Nitrogen (TN) (%) 0.21

Available P (mg  kg−1 soil) 8.7

Exchangeable Ca  (cmolC  kg−1) 38

Exchangeable Mg  (cmolC  kg−1) 10.2

Exchangeable K  (cmolC  kg−1) 0.8

Cation exchange capacity (CEC)  (cmolC  kg−1) 58

Bulk density (gm  cm−3) 1.14

Sand %
Silt %
Clay %
Textural class

21.5
23.5
55
Clay

Table 2 Soil analysis result of  total nitrogen 
after harvesting

EAL Ethiopian agricultural legumes

Treatments Total 
nitrogen 
(%)

Control 0.23

EAL 17 0.25

EAL 1018 0.25

EAL 1035 0.25

Table 3 Effect of inoculation on nodulation parameters

Where EAL Ethiopian Agricultural Legumes, CV  Coefficient of variation, LSD Least 
significant difference, SE standard error

Strains Nodule number Nodule volume Nodule dry weight

0 EAL 49.067b 0.6333b 0.2400c

EAL 17 63.767a 1.0000a 0.3067b

EAL 18 69.400a 1.1333a 0.3867a

EAL 1035 64.800a 1.0667a 0.3267a,b

LSD (0.05) 11.112 0.1597 0.0610

CV 9.01 8.34 9.70

SE ( ±) 3.2113 0.0461 0.0176
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compared to EAL 17 and EAL 1035. This result implies 
that inoculation of those strains may best suited in the 
study area compared to the existing faba bean rhizo-
bium strains to bust the nodule number. The result is in 
line with the findings Alemayehu Workalemahu (2009) 
and Nagwa et  al. (2012) who reported that inoculation 
of rhizobium strain to faba bean significantly increased 
nodule number. Desta et  al. (2015) also reported that 
inoculation of faba bean rhizobium strains significantly 
increase nodule number/plant. But in contrary this work, 
Endalkachew Fekadu et al. (2018) reported that faba bean 
plants which were not inoculated with rhizobium formed 
nodules with a higher number as compared with plants 
inoculated and received the same treatment.

Nodule volume
In Table  3 nodule volume was significantly (P ≤ 0.05) 
affected by rhizobium strain. The highest nodule volume 
(1.1333  cm3/plant) was recorded from the inoculation 
of strain EAL 1018 although it was statistically insignifi-
cant with inoculation of EAL 17 and EAL 1035. The only 
statistically significant difference was observed when the 
control is compared to the faba bean rhizobium strains. 
As Rodelas et al. (1999) described as while using strains 
nodule dry weight accumulation increased, this work also 
showed that inoculation of strains increased nodule vol-
ume. Thus, the increment in volume in this work may be 
due to the increment of nodule number and nodule dry 
weight as inoculation of faba bean strains.

Nodule dry weight
Nodule dry weight significantly affected by the strains 
as indicated in Table  3. The highest nodule dry weight 
(0.3867  g/plant) was recorded with the inoculation of 
faba bean strain EAL 1018 followed by the faba bean EAL 
1035 and EAL 17 respectively. This result revealed that, 
inoculation of faba bean with rhizobial strains gave sig-
nificantly higher nodule dry weight compared to the con-
trol treatment. This result agrees with the result reported 
by El-Wakeil and El-Sebai (2007) who stated that appli-
cation of rhizobium strains brought significantly higher 
nodule dry weight and nodule number. Rodelas et  al. 
(1999) also reported that nodule dry weight was signifi-
cantly increased (38–53%) by co inoculation with strains. 
This augmentation in nodule dry weight may be due to 
large size of nodules and increased number of nodules 
through the infection threads of the inoculated faba bean.

Symbiotic effectiveness
The result of the symbiotic effectiveness (Table  4) 
revealed that application of all the three faba bean rhaizo-
bium strains in the study area were highly effective based 
on the formula that was developed by Mulongoy (2004). 

This implies that inoculation of faba bean rhaizobium 
strain EAL 17, EAL 1018 and EAL 1035 creates high 
symbiotic association with the host plant, faba bean than 
the existing rhaizobium strains in the study district. This 
result supported by previous findings of Gebremariam 
and Assefa (2018) in such a way that the symbiotic effec-
tiveness of isolates of faba bean rhaizobium strains were 
highly effective.

Effect inoculations and micronutrients on agronomic 
parameters
Plant height
Strain inoculation significantly affected (P ≤ 0.05) plant 
height. As a result, faba bean inoculation with rhaizo-
bium strain EAL1018 gave higher (61.733  cm) plant 
height compared to the other treatments and statistically 
significant compared to the control and EAL17 (Table 5). 
This could be attributed to inoculation of rhaizobium 
strains to faba began supplying additional nitrogen 
through symbiotic nitrogen fixation and lead to increased 
plant height. This result agreed with the result of Far-
four (2013) which affirmed that application of rhizobium 
stains could increase plant height of faba bean. Similarly, 
El-Azeem et al. (2007) reported that application of bacte-
rial strain significantly increases plant height compared 
to the uninoculated treatments.

Plant dry weight 
The data on plant dry weight (Table 5) showed that inoc-
ulation of faba bean with EAL1018 alone gave higher 
(10.610  g) plant dry weight but statistically only the 
control (8.013  g) is the lowest dry weight from the un-
inoculated treatment. Our result is supported by Far-
four (2013) who reported that, inoculation of faba bean 
with rhizobial strain caused noticeable increase in plant 
length, fresh weight and dry weight. Sameh et al. (2017) 
also reported that inoculation of strains increases plant 
dry weight.

Table 4 The effect inoculation of  faba bean on  symbiosis 
effectiveness of Rhaizobium strains at study site

Where EAL Ethiopian Agricultural Legumes, SE Symbiosis effectiveness and HE 
Highly effective

Treatment Plant dry weight Percentage (%) SE Effectiveness

Un-inoculated 8.013 – –

EAL 17 9.473 118.2 HE

EAL 1018 10.610 132.4 HE

EAL 1035 9.347 116.6 HE
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Number of pod/plants
The number of pods/plants was affected by the inocu-
lation of the all EAL17, EAL1018 and EAL1035 rhaizo-
bium strains. Accordingly, inoculation of those three faba 
bean brought statistically significant (P ≤ 0.05) difference 
compared to the un-inoculated treatment (Table 5). This 
increment in could be attributed to the increment of faba 
bean plant height. The research conducted by Yohannes 
Desta et  al., (2015) reported that rhizobial strain alone 
could significantly increase number of pods/plants.

Number of seed/pods
As it is indicated in Table  5, inoculation of rhaizobium 
strains statistically affected number of seeds /pods as 
compared to the un-inoculated treatment. This finding 
disagreed with the finding of Zerihun and Abera (2014) 
who indicated that inoculation of rhizobial strain did not 
impose significant difference over the un-inoculated one 
(Table 6).

100 seed weight
The result indicated a marked difference in terms of 
100 seed weight. It was observed that rhaizobium 

strains significantly affected (P ≤ 0.05) 100 seeds weight 
(Table 5). All faba bean rhaizobium strain, gave statisti-
cally significant difference over the control. This result 
was in line with the work of El-Wakeil and El-Sebai (2007) 
who reported that inoculation of faba bean with rhizobial 
strain alone could increase 100 seed weight. In contrary 
with this result, the finding of Bolland et al. (2000) stated 
that inoculation of faba bean rhaizobium strains didn’t 
brought significant seed weight difference on faba bean. 
The weight difference gained from this work could be 
attributed the effect of the grain filling ability of nitrogen 
through nitrogen biological fixation.

Biomass yield
Rhaizobium strains significantly (P ≤ 0.05) affected bio-
mass weight. From (Table 5) it is indicated that EAL1018 
gave maximum (10277 kg ha−1) biomass yield while the 
lowest biomass yield was obtained from the control treat-
ment. EAL1018 significantly influenced faba bean bio-
mass weight compared to EAL17 and the un-inoculated 
treatment. This result is in agreement with the work of 
El-Azeem et al. (2007) in a way that, inoculation of bac-
terial rhaizobium strain cause a significant above ground 
biomass on faba bean. The biomass yield difference 
obtained from the inoculation of faba bean rhaizobium 
strains could be from the additional supply of nitrogen 
through the remarkable biological nitrogen fixation by 
the inoculated strains.

Grain yield
The grain yield of faba bean was significantly (P ≤ 0.05) 
influenced by inoculation of EAL 1018, EAL1035 and 
EAL17. As it is shown in Table  6 the maximum grain 
yield (3806.5  kg  ha−1) was obtained from the inocula-
tion of EAL1018 whereas the lowest grain yield was 
obtained from the control. The result revealed that 
application of faba bean rhizobium strain, EAL1018 

Table 5 Effects of rhizobium inoculation on yield related parameters of faba bean (plant height (cm), biomass weight (kg 
 ha−1), plant dry weight (g/plant), number of pod/plants, 100 seed weight(g) and number of seed/pod)

Means with the same letter are not significant

Where EAL Ethiopian Agricultural Legumes, CV Coefficient of variation, LSD Least significant difference, SE standard error

Strains Plant height Number of pod/
plants

Plant dry weight Number of seed/
pods

100 seed weight Biomass weight

0 EAL 51.600b 19.400b 8.013b 2.1333b 51.600b 7327c

EAL 17 56.533a,b 24.467a 9.473a,b 2.2667a,b 54.400a,b 8329bc

EAL 18 61.733a 24.200a,b 10.610a 2.4667a 56.400a 10277a

EAL 1035 59.200a 25.000a 9.347a,b 2.4000a,b 56.467a 9361a,b

LSD (0.05) 5.2662 4.8597 2.5721 0.2746 3.7855 1270.9

CV 4.60 10.45 13.75 5.93 3.46 7.21

SE ( ±) 1.5218 1.4044 0.7433 0.0793 1.0939 367.27

Table 6 Effect of  rhizobium inoculation on  grain yield 
of faba bean (kg  ha−1)

Where EAL Ethiopian Agricultural Legumes, CV Coefficient of variation, LSD Least 
significant difference, SE standard error

Strains Grain yield

0 EAL 2614.5d

EAL 17 2995.1c

EAL 18 3806.5a

EAL 1035 3411.7b

LSD (0.05) 333.47

CV 5.20

SE ( ±) 96.366
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gave a grain yield advantage of 45.6, 27.1 and 10.4% 
over the un-inoculated, EAL17, and EAL1035 treat-
ments respectively. This work agrees with the work of 
Rugheim and Abdelgani (2012) who indicated that co 
inoculation of rhizobial strains significantly increased 
faba bean grain yield. The finding of Yohannes Desta 
et al. (2015) was also in line with this finding in a way 
that application of effective rhizobium strain alone and/
or in combination with zinc significantly increased 
grain yield of faba bean. Sameh et  al. (2017) reported 
that application of effective strains increases grain yield 
of faba bean up to 44–47%. Unlike the above-men-
tioned findings, Zerihun and Abera (2014) reported 
that rhizobium inoculation didn’t increase faba bean 

grain yield over the control. The increments in grain 
yield due to inoculation of rhizobium strains indi-
cated that the soils nitrogen is a limiting factor and the 
existing rhizobium bacteria may not capable to supply 
nitrogen through biological nitrogen fixation. Thus, 
the grain yield could be strongly improved by means of 
inoculation or fertilization.

The correlation analysis (Table  7) indicated that there 
was highly positively significant (P ≤ 0.01) correlation 
grain yield with yield related parameters. The correlation 
coefficient value of all parameters in relation to the grain 
yield of faba bean was almost more than 0.5 especially 
there was a strong correlation (r = 0.96) between the 
grain yield and the biomass yield of faba bean.

Table 7 Pearson’s correlation coefficient among  yield and  yield related parameters under  strain and  micronutrient 
treatments

Where GY Grain yield, BIWt Biomass weight, PH Plant height, NN Nodule number, NV Nodule volume, NDWt. nodule dry weight, PDWt. Plant dry weight, NP Number 
of pods, NS Number of seed and SDWt. 100 g seed weight, ns No significant correlation, *Significant correlation (P0.05 but 0.01) and **Highly significant correlation (P 
0.01)

GY BIWt NDWt NN NP NS NV PDWt PH

GY

BIWt (r) 0.973

p—value ***

NDWt 0.7856 0.7741

*** ***

NN 0.8133 0.7804 0.8545

*** *** ***

NP 0.5812 0.5914 0.3319 0.4912

* * Ns Ns

NS 0.7912 0.7897 0.598 0.7307 0.2895

*** *** * ** ns

NV 0.6246 0.6637 0.8353 0.7156 0.5825 0.4879

** ** *** ** * ns

PDWt 0.6525 0.721 0.5122 0.6522 0.4126 0.8259 0.5665

* ** Ns * ns *** ns

PH 0.8164 0.8439 0.5884 0.6001 0.81 0.5878 0.676 0.6643

** *** * * ** * * *

Sedwt 0.7385 0.754 0.3314 0.5553 0.6815 0.4831 0.2227 0.4097 0.705

** ** Ns Ns * ns ns ns *

Table 8 Partial budget analysis of  the  variable costs on  mean grain and  straw yields of  faba bean in  the  study district 
for strains and micronutrients

All costs are expressed in Ethiopian birr (ETB). AGY  Adjusted grain yield (kg  ha−1), GYC  Grain yield price  kg−1 (ETB), ASY Adjusted straw yield (kg  ha−1), SYP = Straw 
yield price  kg−1 (ETB), TR Total revenue (ETB), SC Strain cost  kg−1 (ETB), LC Labor cost (ETB), TVC Total variable cost, NB Net benefit (ETB), DA dominance Analysis, D 
Dominated, MRR Marginal rate of return

Treatments AGY GYP ASY SYP TR SC LC TVC NB DA MRR

Control 2353.1 12 4712.5 1 32,949.1 0 0 0 32,949.1

EAL 17 2695.6 12 5333.9 1 37,680.9 150 400 550 37,131.0 760.3

EAL 1018 3425.9 12 6470.5 1 47,580.7 160 400 560 47,020.7 98,897.0

EAL 1035 3070.5 12 5949.3 1 42,795.6 160 400 560 42,235.7 D
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Partial budget analysis
The partial budget analysis for marginal rate of return 
(Table  8) showed that faba bean rhizobium strains 
EAL 1018 and EAL 17 gave acceptable marginal rate 
of return (i.e., MRR greater than 100%). According to 
CIMMYT (1988) when there are two and more treat-
ments with MRR greater than 100%, the treatment 
with greater net benefit should be selected for recom-
mendation. Therefore, application of EAL 1018 brought 
the maximum net benefit (47020.7 Ethiopian Birr) per 
hectare while possessing MRR of greater than 100% and 
thus it is economically feasible for Wereillu district.

Conclusions and recommendations
Biological nitrogen fixation through microbial pro-
cesses ensures the greatest quantitative impact on the 
nitrogen cycle and has tremendous potential for the 
contribution of fixed N in the soil. Accordingly, this 
research work was conducted to examine this remark-
able activity of rhizobium strains under field condi-
tions. As indicated from the result, rhizobial inoculants 
significantly (P ≤ 0.05) affected yield and yield compo-
nents of faba bean. Rhizobium strains brought statisti-
cally significant difference on nodulation of faba bean 
like nodule number, nodule volume, and nodule dry 
weight of faba bean.

From the result, inoculation of faba bean strain, EAL-
1018 brought biologically higher significant grain and 
biomass yield and also economically maximum net ben-
efit compared to other treatments. Thus EAL-1018 could 
be recommended in the study district and similar agro 
ecological zones.
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