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Abstract: Commercial production and distribution of biofertilizer for increasing yields of 
pulse crops in Ethiopia started as recently as two decades ago after the agricultural research 
system began working on biofertilizer. Consequently, farmers have been inoculating seeds of 
pulse crops with rhizobium bacteria to get higher yields using rhizobium strains disseminated 
by the research system. Similarly, smallholder farmers in Lemu Bilbilo and Digelu Tijo 
districts (woredas) of Arsi Zone of the Oromia Regional State in southeastern Ethiopia have 
been inoculating faba bean and field pea seeds with rhizobium bacteria for increasing yields 
of the crops since 2010. However, there is no empirical evidence for agronomic and 
agroecological benefits that the farmers obtain from using the technology. Therefore, a 
methodical assessment was done to investigate the effects of biofertilizer (seed inoculation 
with rhizobium) on the productivity of faba bean and subsequently grown wheat and barley 
crops and the benefits that farmers obtain in terms of yield and sustainability of the farming 
system. Both qualitative and quantitative data were collected from four kebeles in the two 
woredas through focus group discussions (FGD) and key informant interviews (KII) 
involving 150 farmers, agricultural experts, development agents, researchers, and community 
leaders. The results revealed that smallholder farmers who planted rhizobium-inoculated faba 
bean seed gained additional yield benefits of 79%, 66%, and 42% for faba bean, wheat, and 
barley, respectively, over farmers who planted uninoculated seeds. In addition, farmers 
reported that they derived a range of other benefits which included improved soil fertility, 
need for lower amounts of nitrogen fertilizers to produce cereals, low faba bean disease 
incidence, more biomass production for returning to land as a crop residue, and larger-sized 
faba bean seeds that take shorter time to cook. The farmers also reported an opportunity to 
grow faba bean profitably on less fertile land. It is concluded that planting rhizobium-
inoculated faba bean seed significantly increased the yields of all three crops grown in the 
rotation system, with significant implications for enhanced agroecological benefits and 
sustainable pulse-cereal production system. 

Keywords: Cereal crops; crop rotation; faba bean; pulse crops; seed inoculation with rhizobium; 
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1. Introduction 
Nitrogen and phosphorus are mineral nutrients that limit 
plant growth most (Sanchez, 2002). They are the most 
deficient nutrients in most of Ethiopian soils (Mamo et 
al., 1988; Tsegaye, 1992). More than 85% of Ethiopian 
soils contain insufficient amounts of nitrogen for 
sustainable and profitable crop production (ATA, 2012). 
Therefore, the two nutrients in particular have to be 
replenished through mineral or organic fertilizers to 
sustain crop production. The most common source of 
nitrogen used in Ethiopia is the mineral fertilizer urea. 
Although farmers realize that crop yields are higher with 
application of urea, they very often use lower rates of 
the fertilizer than the rates recommended by the 
research system. This is attributed to inadequate supply 
and escalating prices of mineral fertilizers.  
    Soil management strategies that are solely dependent 
on mineral fertilizers, in addition to being unaffordable 

to resource-poor farmers, cause a serious threat to 
human health and the environment (Pearson et al., 1995; 
Löschenberger et al., 2008). 
    The use of biological N-fixation through cultivating 
pulse crops as a source of dietary protein as well as a 
supplementary way of improving soil fertility and 
environmental protection has been a subject of 
considerable research since the early 1980s (Beyene, 
1988). In Ethiopia, the tradition of crop rotation where 
the cycle of continuous production of cereals is broken 
by producing pulse crops as a means of maintaining soil 
fertility and diversifying agricultural products is a 
common practice (Gorfu, 1998; Taa et al., 1997). 
Likewise, the ability of pulse crops to restore soil fertility 
had been realized and exploited by farmers also in other 
parts of the world long before the symbiotic association 
between bacteria and the host plant was scientifically 
established (Lim and Burton, 1982; Hirsch, 2009). 
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   Rhizobia infect the legume root and form root nodules 
in which they convert atmospheric nitrogen into 
ammonia, which then can be utilized by the plant to 
produce valuable proteins, vitamins and other nitrogen-
containing compounds that are required for normal 
growth and development of plants and thus better yields 
(Keyser and Li, 1992).  
   Exploitation of beneficial microbes as biofertilizer is 
of paramount importance in agriculture not only for 
their economic benefits and cost effectiveness but also 
for their potential role in food safety and sustainable 
crop production (Pearson et al., 1995; Aryal et al., 2003; 
Burger et al., 2008; Löschenberger et al., 2008). The term 
biofertilizer refers to the use of various live 
microorganisms that enhance soil fertility by fixing 
atmospheric nitrogen, solubilizing or mineralizing 
phosphorus and potassium or decomposing organic 
wastes or by producing plant growth-promoting 
substances at the root zone (Mohammadi and Sohrabi, 
2012).  
    
   Biofertilizers, as one of the important components of 
sustainable agriculture, are products containing living 
microorganisms which have the ability to mobilize 
nutritionally important elements from non-usable to 
usable form through biological processes and they have 
the potential to increase the production of crop by 
improving yield and quantity (Glazer and Nikado, 2007). 
Biofertilizers are valuable to the environment as they 
enable reduced use of chemical fertilizers since they 
contain naturally occurring micro-organisms that are 
biologically multiplied to improve soil fertility and crop 
productivity in many parts of the world (IFPRI, 2010). 
They are also relatively low-cost source of nitrogen for 
smallholder farmers in Ethiopia (Gorfu et al., 2000). 
Rhizobium inoculants coated on seeds of pulse crops 
before planting not only enhance growth and yield of 
the pulse crops but also provide nitrogen and organic 
carbon for subsequent or associated crops; and 
incorporating residues of pulse crops back into the soil 
will make this effect even more significant (de Boef et al., 
1996; Gan et al., 2015; Masso et al., 2015).  
   In Ethiopia, commercial production and distribution 
of rhizobium inoculants were started some twenty years 
after the research took the initiative to work on 
biofertilizer. Presently, some specific rhizobium strains 
are being produced and supplied for faba bean, 
chickpeas, lentils, field pea, common bean, soybean and 
mung bean production (Hailemariam and Asfaw, 2015; 
Assefa, et al., 2018). It is also worth-noting that pulse 
crops not only avail soil nutrients through nitrogen 
fixation and nutrient solubilization but also serve to 
‘break’ cycles of different cereal pests as non-host crops 
(Malhotra et al., 2004; Kirkegaard et al., 2008; Keneni et 
al., 2016). Pulse crops offer these manifold merits to the 
farmer with only minimum external inputs as compared 
to cereals (Keneni et al., 2006). The research system in 
Ethiopia has pursued the approach to make use of 
biofertilizer to increase the  nitrogen availability for the 

pulse crops through biological nitrogen fixation as well 
as for cereal crops that are cultivated following them 
(Gorfu, 1998; Taa et al., 1997; Tolera et al., 2015; Assefa 
et al., 2018; Negash et al., 2018).  
   Despite availability of empirical evidence on the 
advantages of growing pulse crops in rotation with 
cereals, no conclusive results have been presented to 
show farm-level benefits derived from the legume crops 
as well as from subsequently grown cereal crops. 
Therefore, a study was conducted in early 2016 to 
investigate the benefits that smallholder farmers Arsi 
Zone gained from using biofertilizer, which was 
promoted as in as part of the production package for 
faba bean to improve that yield of the crop and those of 
subsequently grown wheat and barley crops. The study 
was aimed also at elucidating other benefits that 
smallholder farmers may derive from using biofertilizer 
through enhancements of household incomes, 
livelihoods, and farming system sustainability.  
 

2. Materials and Methods 
Informed by a body of literature and reports from 
research and business organizations engaged in activities 
related to biofertilizers in Ethiopia and extensive 
discussions held with relevant personnel of the 
institutions, the assessment was made in early 2016. 
These included discussions held with technical experts 
and Director of MBI, the Project Coordinator of N2 
Africa-Ethiopia which is housed by the International 
Livestock Research Institute (ILRI), Ethiopia, and 
leaders of Soil Microbiology Research at Kulumsa and 
Holetta Agricultural Research Centers. After having 
general information about the status of research and the 
use of biofertilizer in the country, the assessment was 
conducted in four kebeles of Arsi Zone using 
participatory rural appraisal (PRA) tools to gather data 
and information used to disclose facts embedded in this 
relatively new technology of restoring soil fertility. The 
methodology is specifically described as follows: 
 
2.1. Assessment Area 
The assessment was conducted in two districts 
(woredas) of Arsi Zone (Lemu Bilbilo and Digelu Tijo), 
Oromia Regional State. Each woreda was represented by 
two kebeles. A ‘kebele’ is the smallest local 
administrative unit in a district (woreda) in Ethiopia. 
Thus, Lemu Bilbilo woreda was represented by Bekoji-
Negeso and Lemu-Dima kebeles. Digelu Tijo woreda 
was represented by Sagure-Mole and Burkitu-Alkasa 
kebeles. ‘ 
   The Arsi Zone was selected for this study as it is an 
area where the risks associated with cereal-cereal 
monoculture are high both at technical and policy levels 
and there is a need for aggressive introduction of 
inoculating seeds of pulse crops with rhizobium bacteria 
before planting particularly faba bean and field pea, 
which are the best and most preferred rotation crops 
with cereals in the area (Keneni et al., 2016). The study 
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sites are located some 200 to 35 km south-east of Addis 
Ababa, the capital city of Ethiopia (Figure 1). 
   The four kebeles where the assessment was 
undertaken are situated within the very center of major 
production areas of faba bean, field pea, wheat, barley 
and highland oilseed crops such as linseed and Ethiopian 
mustard.  

 

The kebeles are situated in the central plateau of Arsi 
Zone with a typical highland agro-ecological setting of 
altitude greater than 2500 m above sea level (Table 1). 
The long-term average annual rainfall of the area is more 
than 1000 mm whereas the mean annual temperature 
ranges from 12-13 oC, with impressively minimum 
fluctuation (Table 1).  
   This combination of altitude, rainfall, and temperature 
is ideal for growing faba bean (Keneni et al., 2006; 2007). 
Thus, no other area more than the present kebeles could 
better depict the potential economic and environmental 
benefits accruing from application of biofertilizer. 
Several strains of nitrogen-fixing bacteria have been 
identified and recommended by the research system for 
production of faba bean including strains 1018, 1035 
and EAL 110 (EIAR, 2018). However, according to the 
woreda administration, development agents and 
researchers involved in the distribution of the 
biofertilizer, the Strain EAL 110 was the one most 
widely used by the farmers in the kebeles selected for 
this study.  
 

 

Figure 1. Map of the study area.  
Table 1. Geoclimatic descriptions of the four kebeles where biofertilizer was applied on faba bean. 

Kebele 
Altitude (m)  

(a.s.l.) * 

Annual rainfall (mm) Mean annual temperature (o C) 

Min Max Mean Min Max Mean 

Burkitu Alkasa 2558 1175 1211 1196 13 14 13.12 

Sagure Mole 2586 1158 1205 1188 13 13 13.00 

Lemu Dima 2812 1077 1144 1112 11 13 12.33 

Bokoji Negeso 2793 1061 1124 1096 11 13 12.52 

 Note: *a.s.l. = above sea level. Altitude, and rainfall and temperature data were sourced from Jarvis et al. (2008) and www.worldclim.org, 
respectively. 

2.2. Data Collection and Analysis 
Both qualitative and quantitative data were collected in 
the assessment process. For collecting information and 
data, semi-structured questionnaires were developed, 
followed by Focus Group Discussions (FGD) and Key 
Informant Interviews (KII). Field visits were made 
where the crops were still growing during the period of 
the assessment to corroborate facts asserted by 
participants of the FGD and KII.  
   The FGD component was structured around a set of 
standardized participatory assessment tools to collect 
qualitative contextual data on the use of biofertilizer, 
the purposes and methods of the use and its impact on 
yield, profits, and household income. The preceding 
assessment tools were used in addition to the general 
situational description and information on the farming 
systems. The KII, which included farmers who used as 
well as who did not use rhizobium inoculants, was 
designed to capture the history and use of inoculants, 
sources of inoculants and details on any inoculant-
related impact on yield, livelihoods, and sustainability. 

   The data collected and consolidated from the FGD 
and KII were designed to establish facts on (1) types of 
crops grown and rankings of their importance in terms 
of area of production and market values; (2) major 
constraints of crop production and their order of 
importance; (3) proportional distribution of crops 
produced by households (HH) for consumption, sale, 
seed or forage; (4) size of landholding and family size 
per HH; (5) proportional land allotment to crops and 
typical crop rotation patterns followed in the area; (6) 
practices of soil fertility maintenance through the use 
of chemical fertilizers and biofertilizer and the history 
and extent of use of rhizobial inoculants; and (7) 
general benefits of rhizobial inoculants in terms of the 
yields of the target legume as well as subsequent cereal 
crops, environmental sustainability in terms of 
reduction in the use of the chemical fertilizer urea for 
follow-on cereals.  
   Altogether, 158 (38 female) individuals representing 
farmers, development agents, woreda experts, 
community leaders, researchers and the private sector 

http://www.worldclim.org/
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engaged in supplying biofertilizers took part in the 
interview and discussions. In order to quantitatively 
determine the benefits of biofertilizer on yields of faba 
bean and that of subsequent cereals rotated with the 
faba bean and incomes of the households (HHs), data 
were collected from face-to-face interviews of 145 
farmers in the four kebeles. Seventy-nine of the 
interviewees used rhizobia-inoculated seeds once or 
multiple times while the remaining sixty-six did not use 
any rhizobia-inoculated seeds.  
   Therefore, it was possible to generate data points 
enough to statistically determine the effect of 
biofertilizer on the yields of faba bean as well as wheat 
and barley following the inoculated-faba bean. The SAS 
statistical package was used to process the quantitative 
data collected from individual interviews and perform 

t-tests and calculate CV values, while excel was used to 
construct frequency tables and pie and bar charts. 
 

3. Results and Discussion 

3.1. Crop Production System and Use  
Crop types, importance and use: The average 
landholding of a household (HH), which has an 
average family size of 6 persons, is 2.5 hectares (Figure 
2). However, this does not necessarily mean that every 
household owns land. For example, in one of the 
kebeles, out of 1078 HHs, only 500 HHs or about 46% 
of them possess land of their own while the remaining 
54% of the HHs in that particular kebele are landless.  
 
 

 
Figure 2. Crop composition, average area allotment (in hectare indicated in parentheses) and relative distribution (%) of 
each crop per household in Lemu Bilbilo and Digelu Tijo districts (woredas) of Arsi Zone  
 
Figure 2 depicts that almost a whole range of crops are 
grown in the area, wheat and barley being the major 
ones. These cereals take the lion’s share of the 
agricultural land allotment in both woredas, followed 
by faba bean and field pea and some tef only in Burkitu 
Alkasa kebele. Oat is grown sometimes as a forage crop 
on marginal land. It is interesting to point out that 
during the FGD, at Sagure-Mole, production and 
consumption of grass pea (Lathyrus sativus L.) was 
indicated to have been started only recently. Especially 
female farmers asserted that the consumption of grass 
pea in every household doubled compared to the 
amount of faba bean or field pea consumed. 
Production of the two oilseed crops, namely, linseed 
and Ethiopian mustard, is also common in the two 
woredas but only small parcels of land are allotted to 
cultivate both crops.  

   The data obtained from the FGD and KII indicated 
that the larger proportions of most of the crops 
produced by the households are marketed (Figure 3). 
However, the proportion of crops meant for sale was 
the highest for oilseeds followed by pulses and cereals 
in the same order. The opposite holds true for 
consumption where 60% of the barley, 50% of the tef 
and close to 40% of the wheat produced are destined 
for home-consumption and about 10%, except for 
Ethiopian mustard, is retained as seed for the next 
season. Since the seed rate required for Ethiopian 
mustard is small (Belayneh and Alemayehu, 1986), only 
four percent of the produce is retained by the HH. 
Earlier reports also indicated that production of 
particularly cereal crops in Ethiopia is mostly for 
consumption (60–80%), followed by sale (8-21%) and 
farmers mostly tended to sell more of high value pulse 
and oil crops (CSA, 2017). 
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Figure 3. Farmers estimates of the proportions of their crops used for consumption, sale and seed in Lemu Bilbilo and 
Digelu Tijo districts (woredas) of Arsi Zone during the 2016 main cropping season. 
 

Crop rotation patterns: Farmers in the study area 
generally know the importance of growing different 
crops on the same plot of land in rotation. They even 
ascribe improved soil fertility and reduced incidences of 
crop diseases to cereal-legume crop rotation. A similar 
study in North Shoa, Ethiopia, also revealed that 
farmers are aware of the impact of legumes and 
fallowing on improving soil fertility but they do not 
have the scientific knowledge about the role microbes 
associated with legume root nodules play in improving 
soil fertility (Teshome et al., 2018). These intuitive 
perceptions of farmers about the advantage of rotating 
crops of different species are  corroborated by 

empirical research findings that crop rotation improves 
soil fertility restoration and soil health (Gorfu, 1998; 
Assefa et al., 2018) and soil physical and biological 
properties via increasing organic matter (Negash et al., 
2018). Based on experiences accumulated over the 
years and generations and, most importantly, the 
rationale the farmers strive to match their needs and 
resources like land, seed and other inputs at their 
disposal, they follow some distinct crop rotation 
patterns in the area. Nevertheless, three crop rotation 
patterns indicated in Figure 4 stand as the most 
dominant and widely followed cropping sequences.  
 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Figure 4. Crop rotation pattern traditionally followed by farmers in Lemu Bilbilo and Digelu Tijo districts (woredas) of 
Arsi Zone during the 2016 main cropping season 
 

The arrangement of the first sequence, though 
including cereals, pulses and oilseeds, cannot be 
immune to foreseeable problems and thus technical 
disapproval as cereal-cereal mono-cropping cannot be 
disputed. Even worse is the second pattern as the 

cereal-cereal sequence is interrupted by a pulse break-
crop only once in four years, which may make the 
system vulnerable to a range of biochemical as well as 
physical threats of sustainability as a large body of 
research findings reveal. For example, some authors 
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recommended shorter rotations of pulse crops with 
cereals at least once every three years (Parr et al., 1983; 
Cox et al., 2010; Gan et al., 2015). Furthermore, 
including legumes in the rotation was found to be 
effective against pests and weeds through different 
mechanisms such as through being non-host crops and 
breaking the life cycles of crop-specific pathogens that 
would otherwise attack cereals (Malhotra et al., 2004; 
Kirkegaard et al., 2008; Keneni et al., 2011; Negash et al., 
2018; Niu et al., 2018); reducing the amounts of inocula 
of pathogens that could afflict subsequent cereal crops 
(Krupinsky et al., 2002; Niu et al., 2018); and improving 
the soil with essential microbes providing ecological 
services in nutrient cycling (Bridge and Spooner, 2001; 
Lupwayi and Kennedy, 2007; Penton et al., 2014; Niu et 
al., 2018). In some countries like Canada, producers 
also follow a crop rotation scheme as a remedial 
measure against pests (The GoV of Saskatchewan, 
2017). The risks associated with wheat-wheat 
monoculture being practiced in the four kebeles of the 
assessment is especially ominous as a result of excessive 
buildup of inoculums of the major diseases that are 
responsible for the failure of wheat varieties almost 
immediately after their release (Keneni et al., 2016).  
   An important point to note in the third pattern of 
rotation is that, fallowing agricultural land for one or 
two seasons is practised. Scientific evidence supports 
the perception of farmers such that fallowing can serve 
as a means of additional way of restoring soil fertility, 
particularly to promote the release of nitrogen via 
decomposition of soil organic matter and 
mineralization of nitrogenous compounds contained 
therein. Fallowing has such functions despite the fact 
that in the long-term, it relies on ‘mining’ the available 
soil N with depleting soil organic matter (Gan et al., 

2015). In the present context, however, fallowing 
seems utterly untenable as it poses a lost production 
opportunity in terms of land for one or more 
production seasons. This may exacerbate the problem 
of land scarcity in the face of increasing number of 
young farming households. It is also imaginable that 
fallowing a bare land, which is often the case with 
cultivated land, has rather a negative consequence on 
soil stability especially where there is overgrazing by an 
increasing number of livestock, which is typical for the 
assessment kebeles. Furthermore, such heavy rainfall 
conditions as those prevailing in the areas where more 
than 1000 mm of rain is annually received (Table 1), 
the rate of erosion would be exacerbated. In addition, 
unless the ground is sufficiently covered with 
protective vegetation, the loss of surface soil caused by 
the torrential rains will undoubtedly be dire. Therefore, 
fallowing can no longer be a sustainable system in the 
face of ever-increasing pressure from increasing 
population in the rural setting on one hand and scarcity 
of cultivable land on the other.  
 
Major problems of crop production in the target 
areas: Although there may be an array of technical, 
technological, economic, biological and social 
(including policy-related issues) factors constraining 
agricultural production, farmers have identified some 
problems of highest priority in their respective kebeles 
(Figure 5). The order of importance of the problems 
identified by the participants varied from kebele to 
kebele depending on the magnitude of incidence and 
households affected, but they essentially remained 
more or less similar.  
 

 
Figure 5. Major problems of crop production identified and ranked by the participants of the FGD and KII in the 
assessment kebeles in Lemu Bilbilo and Digelu Tijo districts (woredas) of Arsi Zone during the 2016 main cropping 
season. Note that highest score signifies highest priority and lowest score least priority. 
 

3.2. The Use and Effect of Biofertilizer on the 
Yield of Faba Bean 
The results of the study revealed that the use of 
biofertilizer for faba bean production in the two 

woredas of Arsi Zone began in 2010. According to the 
records from the respective Offices of Agriculture for 
the two woredas, a total of 5,767 households (1,362 
female-headed and 4,405 male-headed households) in 

https://www.frontiersin.org/articles/10.3389/fmicb.2018.01909/full#B11
https://www.frontiersin.org/articles/10.3389/fmicb.2018.01909/full#B46
https://www.frontiersin.org/articles/10.3389/fmicb.2018.01909/full#B60
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Lemu Bilbilo Woreda and 4,175 households (1,075 
female-headed and 3,100 male-headed households) in 
Digelu Tijo Woreda, were given a series of training on 
application of bio-fertilizer. The series of training were 
given not only to farmers but also to development 
agents (DA), subject matter specialists (SMS), 
supervisors and community leaders. Furthermore, on-
farm demonstrations were made by Kulumsa 
Agricultural Research Center (KARC) for three 
consecutive years. Consequently, it was possible to 
distribute 4,550 bags of biofertilizer to farmers growing 
faba bean and 1,703 bags for those growing field peas 
since the time of its introduction of the technology into 
the area. Since each bag is prepared for a quarter of a 
hectare, implicitly 2,638 hectares of faba bean and 
1,010 hectares of field pea were established with 
rhizobium-inoculated seeds during this period. 
   All farmers who used biofertilizer invariably stressed 
that yields of crops, including that of faba bean, have 
generally improved significantly. However, they also 
underlined that in order to reap the full benefit of yield 
advantage accruing from biofertilizer, optimal 
combination of such factors as good quality seed, 
appropriate agronomic practices, including proper pest 
control management should be implemented. The 
farmers also noted that Lemu Bilbilo and Digelu Tijo 
woredas are among the pioneer woredas in Ethiopia to 
have access to modern extension services through the 
Swedish International Development Agency (SIDA)-
supported Chilalo Agricultural Development Unit 
(CADU) from the 1960’s to the 1970’s. Thus, the key 
informants emphatically asserted that farmers in the 
two woredas are accustomed to trying out new 
agricultural technologies, modify them to suit their 
specific production and economic circumstances, or 
discard it altogether if they find it not suitable for 
addressing their needs.  
   Unlike in most other parts of Ethiopia, even faba 
bean and field pea are grown in these woredas with 
application of chemical fertilizer, diammonium 
phosphate (DAP) at the rate of 67 to 100 kg ha–1. 
Accordingly, in both woredas, the use of biofertilizer in 
faba bean started in 2010 and, as stated above, farmers 
have been using biofertilizer ever since. In fact, some 
of the farmers have used inoculated seeds on the same 
plot of land more than once although research 
recommends that one-time application is sufficient for 
more than four to five years. This is because once the 
bacteria are inoculated, they perpetuate themselves 
even from the surrounding fields (Lindemann and 
Glover, 1996; Abendroth et al., 2006). According to the 

same authors, frequent inoculation is not of any help 
because of competition between the established and 
new rhizobium introduction; but inoculation is critically 
needed if the native strain is not efficient, if the legume 
species was never grown before on the land or if the 
land was never cultivated to pulse crops.  
   Farmers in all the four kebeles unequivocally affirmed 
that the use of rhizobium inoculated seeds of faba bean 
enhanced the yield of the crop as well as restored and 
maintained soil fertility. The farmers reported that the 
increase in yield at times reached twice as much as the 
yield they used to obtain before the introduction of 
biofertilizer in the area. The farmers revealed that it 
was in fact the prospect of getting higher yields that 
enticed them to use rhizobium inoculated seeds 
mistakenly more than once on the same piece of land. 
Their unanimous claim of the increased yield of faba 
bean due to biofertilizer was extrapolated using data 
collected from the questionnaires and it was found that 
there was a highly significant (p < 0.01) increase in 
yield of faba bean from the use of rhizobium 
inoculated seeds in all the kebeles assessed (Table 2). 
The Table also shows that the average increase in faba 
bean yield from biofertilizer ranged from 40% (in 
Lemu-Dima) to more than 150% (in Burkitu-Alkasa) 
with 79% across the whole area. Corroborating the 
results of this study, Kwasi (2018) reported that 
farmers realized the significance of rhizobium seed 
inoculation and were willing to pay for production 
inputs for pulse crops including inoculant (Kwasi, 
2018). 
   Farmers attributed the increase in yield to plant 
characteristics that they think would ultimately 
contribute to seed yield of faba bean. According to 
their observation and perception, plants grown from 
rhizobium-inoculated seeds exhibited such characters 
as seedling vigor and strong stems, a greater number of 
nodules, less abortive (sterile) flowers in which case 
flowering takes place from bottom to top, and 
ultimately well-filled and plump seeds. The results from 
the assessment are generally in agreement with the 
potential of biofertilizer that global experiences indicate 
(Gan et al., 2015; Kwasi, 2018) and even more so with 
the findings of research in Ethiopia conducted in the 
past two decades (Assefa et al., 2018). Consistent with 
the perception of the farmers that rhizobium-
inoculated plants grow and yield better, Gan et al., 
(2015) reported that diversifying cropping systems with 
pulse crops enhanced soil water conservation, 
improved availability of soil nitrogen, and increased 
system productivity. 
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Table 2. The effect of biofertilizer on the yield of faba bean in the four assessment kebeles in Lemu Bilbilo and Digelu 
Tijo districts (woredas) of Arsi Zone during the 2016 main cropping season 

Statistic Bekoji-Negesso Lemu-Dima Sagure-Mole Burkitu-Alkasa Overall mean 

Biofert 
(+) 

Biofert 
(–) 

Biofert 
(+) 

Biofert 
(–) 

Biofert 
(+) 

Biofert 
(–) 

Biofert 
(+) 

Biofert 
(–) 

Biofert 
(+) 

Biofert 
(–) 

Average (t ha–1) 2.94 1.76 3.03 2.16 2.72 1.64 3.30 1.29 3.00 1.67 
Range (t ha–1) 2.0–4.8 1.5–2.0 2.8–3.2 1.6–2.6 2.0–3.2 1.4–2.0 2.4–4.6 1.0–1.5 2.0–4.8 1.6–2.6 

Standard 
deviation 

0.81 0.21 0.197 0.358 0.388 0.207 0.680 0.168 0.690 0.374 

Sample size (n) 26 20 16 15 20 18 17 13 79 66 

Test statistic (t) 3.503** 5.152** 7.096** 7.564** 9.083** 
CV (%) 23 12 06 17 14 13 21 13 23 22 
Yield increase (%) 67  40  66  156  79  

Note: * and ** respectively indicate that the differences are significant at 5% and 1% levels of significance; Biofert (+) = with biofertilizer 
and Biofert (–) = without biofertilizer. 
 

3.3. The Effect of Inoculant on the Yields of 
Subsequent Cereal Crops  
As indicated above, wheat and barley are the two major 
cereals grown in the woredas assessed and faba bean or 
field pea are traditionally used as break crops in the 
crop rotation system. Farmers in all the discussion 
groups had the view that the use of chemical fertilizer 
over the last several decades adversely affected the 
fertility of their soil, i.e., made the soil less fertile and 
unhealthy. Thus, they said, “we were taught in the training 
sessions by researchers, development agents, and woreda experts 
that the use of biofertilizer not only increases yields of pulses but 
also leaves behind a significant amount of nitrogen and organic 
matter (from the biomass [leaves and root material] from the faba 
bean plants) that will help to get a bumper harvest of the 
following cereal crop; therefore, we were so keen to accept and 
readily try the technology”. All the discussion groups 
pointed out that they were not disappointed by the 
results they got. They confirmed that both wheat and 
barley following cultivation of rhizobium-inoculated 
faba bean produced higher yields than they used to 
produce before the introduction of the biofertilizer int 
the area.  
   Analyses of the quantitative data from the KII 
(Tables 3 and 4) also confirmed what was perceived by 
the farmers that the yield of the wheat crop following 
inoculated-seeds of faba bean was significantly (p < 
0.01) higher than the yield of the wheat crop following 
faba bean grown without rhizobium inoculation 
(Tables 3). The average increase in the yield of wheat 
was attributable to the effect of biofertilizer (i.e., 4.0 t 
ha–1 following faba bean with biofertilizer and 2.3 t ha–

1 following faba bean without biofertilizer) scored a net 
increase of 73% or 1.7 t ha–1. Since, on average, each 
household in the assessment kebeles allotted 0.904 ha 
of land to cultivation of wheat (Figure. 2), the 
household got an additional produce of more than 1.5 
tons, which could be ascribed to inoculation of faba 
bean seed with rhizobium.  
   The benefits of biofertilizer reflected on the yield of 
barley were significant only in two of the four kebeles 
(Table 4). In the highlands of Arsi Zone, before wheat 
became a popular crop, barley was the predominant 
crop with versatile qualities treasured by the populace a 
staple food or for making beverage (local beer). 
However, soon after bread wheat varieties were 
introduced and promoted in the region in the late 
1960s and with the advent of “modern” lifestyle where 
bread making became common and its cultivation 
began expanding, barley production was marginalized 
and relegated to a second place after wheat. Especially 
in areas that are suitable for the latter, the replacement 
was drastic (Demissie, 1991; Negassa, 1985; Asfaw, 
2000; Keneni et al., 2007). Nevertheless, the 
quantitative data obtained from the KII (Table 4) 
indicate that the effect of biofertilizer on the yield of 
barley following faba bean was so significant that more 
than 35% of average yield increase was realized by 
farmers who used rhizobia-inoculated faba bean seed. 
The results generally concur with global and local 
experiences where cereal crops following pulse crops 
inoculated with the appropriate strains of rhizobium 
give better yields (Gan et al., 2015; Assefa et al., 2018).  
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Table 3. Effect of faba bean-biofertilizer on the yield of subsequent wheat crop in Lemu Bilbilo and Digelu Tijo districts 
(woredas) of Arsi Zone during the 2016 main cropping season 

Statistic Bekoji-Negesso Lemu-Dima Sagure-Mole Burkitu-Alkasa Overall 

Biofert 
(+) 

Biofert 
(–) 

Biofert 
(+) 

Biofert 
(–) 

Biofert 
(+) 

Biofert 
(–) 

Biofert 
(+) 

Biofert 
(–) 

Biofert 
(+) 

Biofert 
(–) 

Average (t ha–1) 4.00 2.33 4.47 2.57 4.69 3.35 5.27 2.000 4.61 2.78 

Range (t ha–1) 3.2–4.8 2.0–2.5 4.2–4.8 2.0–2.9 3.6–5.6 2.2–5.0 4.8–5.6 1.6–2.4 3.6–5.6 1.6–5.0 

Standard deviation 0.661 0.289 0.306 0.403 0.641 0.900 0.416 0.400 0.658 0.834 

Sample size (n) 14 13 13 11 19 8 13 13 59 45 

Test statistic (t) 4.14** 6.75** 3.57** 9.80** 7.42** 
CV (%) 16 12 7.0 16 14 27 8.0 20 14 30 

Yield increase (%) 74  73  40  163  66  

Note: * and ** respectively indicate that the differences are significant at 5% and 1% levels of significance; Biofert (+) = yield of wheat crop 
following faba bean with biofertilizer and Biofert (–) = without biofertilizer. 
 
Table 4. Effect of faba bean-biofertilizer on the yield of subsequent barley crop.  

Statistic Bekoji-Negesso Lemu-Dima Overall Mean 

Biofert (+) Biofert (–) Biofert (+) Biofert (–) Biofert (+) Biofert (–) 

Average (t ha–1) 4.225 3.100 3.350 2.250 4.050 2.857 

Range (t ha–1) 3.2–5.6 2.8–3.3 3.2–3.5 2.0–2.5 3.2–5.6 2.0–3.3 

Standard deviation 0.752 0.235 0.212 0.353 0.762 0.479 

Sample size (n) 18 15 20 12 38 27 

Test statistic (t) 3.20** 3.77** 3.91** 

CV (%) 18 8.0 6.0 16 19 17 

Yield increase (%) 36 
 

49 
 

42 
 

Note: * and ** respectively indicate that the differences are significant at 5% and 1% levels of significance; Biofert (+) = yield of barley crop 
following faba bean with biofertilizer and Biofert (–) = without biofertilizer. 

 
  Agricultural system sustainability is the paradigm of 
present-day planning or decision making with a very 
broad concept that cannot be defined by simple terms 
but should be guided by multiplicity of its use (Pennell 
and Schilizzi, 1999). Nevertheless, sustainable 
agriculture involves management of resources to satisfy 
increasing needs while maintaining or enhancing the 
quality of the environment as well as conserving natural 
resources. Sustainability is, therefore, the combination 
of all agricultural practices helping to increase crop 
productivity with low use of chemical inputs and labor 
while maintaining the environment, human and animal 
health (Mohammadi and Sohrabi, 2012). Such 
improvements include increasing production efficiency 
at given levels of inputs and consequently reduce input 
levels to achieve same yield. In the present context, 
therefore, sustainability is viewed from a standpoint 
that the potential microbial inoculants have to increase 
crop production and productivity through utilization of 
atmospheric nitrogen rather than using chemical 
nitrogen fertilizer.  
   Farmers at Lemu Bilbilo woreda revealed that 
because of significant increases in yields of faba bean 
due to application of biofertilizer, coupled with 
competitive market prices, they are now encouraged to 
increase the land they allot to growing the crop. This 
has reportedly enabled them to match crop fields of 

cereals and pulses to practise effective crop rotation. 
Furthermore, the farmers also evidently realized that 
repetitive cultivation of pulse crops with biofertilizer 
has improved the fertility and organic matter content of 
the soil and thus are convinced to stop fallowing as a 
means of soil fertility restoration. They also pointed 
that, earlier, they were able to grow faba bean only on 
relatively fertile soils rich in organic matter. However, 
they indicated that it is now possible for them to grow 
the crop even on less fertile fields using biofertilizer. 
The farmers also noted that the application of 
biofertilizer enhanced both plumpness and increased 
faba bean seed size in addition to increased yields of 
the crop as described above. They further hinted that 
plump seeds need less time to cook since they can 
absorb more moisture. This has a significant 
implication for saving cooking energy (use of less 
biomass as fuel especially cow dung) and the prospect 
of having spare organic matter for return to the land 
for soil and nutrient recycling.   
   In the group discussions, the farmers repeatedly 
indicated that DAP and Urea have been used in the 
area since the mid-1960s. The farmers perceived that 
the soil is virtually exhausted, compelling them to 
continuously increase the rate of fertilizer over the 
years. The farmers revealed that they are currently 
using twice as much DAP as recommended for wheat 
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(up to 200 to 250 kg ha-1. After the introduction of 
biofertilizer, however, they found the soil became more 
fertile and richer in organic matter content. As a result, 
they indicated that the wheat stands following faba 
bean looked relatively more vigorous, demanding less 
additional nitrogen fertilizer. According to the woreda 
experts, earlier, faba bean production was almost 
impossible without using fungicides against fungal 
diseases. But with the use of biofertilizer, the need for 
using the chemicals diminished as the incidence of the 
disease reduced. Less use of fungicides has obviously a 
positive contribution to environmental as well as 
economic sustainability. A body of literature supports 
this perception of farmers where biofertilizers can 
make plants tolerant to adverse environmental stresses 
including diseases (Bhattacharjee and Dey, 2014). The 
authors inferred that proper use of biofertilizers not 
only had impact on sustainable agriculture but also 
contributed to a sustainable ecosystem and wellbeing of 
farmers and consumers alike. Likewise, Monika et al. 
(2018) and Mohammadi and Sohrabi (2012) asserted 
that biofertilizers would generally play key roles in 
improving crop productivity and maintaining soil 
fertility, thereby enabling to achieve sustainable, 
economical, and environmentally friendly farming. 
 

4. Conclusions  
This study has demonstrated that the use of 
biofertilizer (seed inoculation with rhizobium bacteria) 
by smallholder farmers resulted in significantly higher 
yields of faba bean and subsequently grown wheat and 
barley in a rotation system in four kebeles of Lemu 
Bilbilo and Digelu Tijo districts (woredas) of Arsi 
Zone. Smallholder farmers who inoculated faba bean 
seed with rhizobium gained the benefit of relative seed 
yield increases amounting to 79%, 66%, and 42% for 
faba bean, wheat, and barley, respectively, in the 
rotation system, over smallholder farmers who used 
uninoculated faba bean seeds. In addition to the yield 
gains, a list of other benefits contributing to system 
sustainability were recognized by farmers that 
inoculated seed of faba bean with rhizobium before 
planting. These benefits included improved soil fertility, 
partly as a result of the prospect of return of more 
organic matter into the soil, less need to use miner 
fertilizers for growing cereals subsequent to growing 
faba bean. Rhizobium-inoculated faba bean was also 
reported to be more tolerant to fungal diseases and 
required less use of fungicide. The biofertilizer 
enhanced plumpness and increased seed size of faba 
bean which would absorb more water and cook faster, 
requiring less biomass energy. With the introduction of 
the biofertilizer, farmers indicated that they were able 
to grow faba bean on less fertile land, which was 
difficult before.  
   Rotation of cereals with pulse crops to restore soil 
fertility has been practiced by Ethiopian farmers and 
the advantages have long been realized. In view of 
making the best use of the biofertilizer and maximize 

economic and environmental benefits, there are areas 
that need further research. Research is needed to fully 
assess how exactly biofertilizer contributes to the yield 
of cereal crops that are planted following cultivation of 
faba bean inoculated with rhizobium and quantify the 
amount of nitrogen left behind after harvesting the 
faba bean. Research also is needed to generate 
quantitative data not only on the biological but also the 
ecological and economic benefits of biofertilizer. 
Future research should also provide explicit evidence to 
elucidate the limitations associated with long cycles of 
cereal monoculture and also refine or redefine the 
virtues and advantages of incorporating rhizobia-
inoculated pulse crops in the rotation system to anchor 
sustainability of the farming system in general. The 
results of this study imply that there is a strong need to 
scale up the use of biofertilizer by strengthening 
technology multiplication and the public extension 
system. The increased involvement of private sectors 
and cooperative unions in production, distribution, and 
marketing of quality biofertilizer is also essential in such 
efforts.  
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