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CHARACTERIZATION OF PLANT GROWTH PROMOTING RHIZOBACTERIA AND 

THEIR EFFECTS ON GROWTH AND YIELD OF FIELD PEA (Pisum sativum L.) IN 

EAST WOLLEGA AND HORRO GUDURU WOLLEGA ZONES, WESTERN ETHIOPIA 

 

ABSTRACT 

 

Crop yield in most parts of western Ethiopia, where the study area is located, is generally low 

due to low soil fertility, particularly as a result of nitrogen (N) and phosphorus (P) deficiency, 

and soil acidity. Although field pea is capable of fixing atmospheric nitrogen biologically in 

association with root nodule bacteria, the effectiveness of the bacteria under different host plants 

and environmental factors has not been evaluated in the study area. This study was initiated to 

characterize and evaluate the symbiotic effectiveness of field pea rhizobia from East Wollega 

and Horro Guduru Wollega in western Ethiopia using standard methods under laboratory and 

greenhouse conditions. The results showed that all the 32 isolates exhibited typical colony 

characteristics of fast growing rhizobia. About 50.4 and 40.6% of the isolates were 

characterized by large mucoid and watery colony texture, respectively. Most of the isolates were 

able to grow at pH levels ranging from 4.5 to 9.0 and salt (NaCl) concentrations of 1-4%, and 

displayed tolerance to a wide range of temperature (10-45°C) under laboratory conditions. They 

were also capable of growing on a number of carbon and nitrogen sources. They also showed 

significant variations in resisting different types of antibiotics and heavy metals. The data also 

showed that 94.4% of the isolates performed best in symbiotic nitrogen fixation from which 

34.4% were highly effective and 62% were effective. The inoculated plants also showed 

differences in nitrogen content, which ranged from 1.72 to 2.93%.. The highly effective isolates 

(RHU22, RHU18, RHU35, RHU3 and RHU29) and the effective isolates (RHU10 andRHU13) 

were nutritionally versatile and ecologically competitive and thus can be recommended for 

further test on several pea varieties under field conditions to enhance field pea production. In 

addition, phosphorus (P) is plant nutrient whose deficiency severely restricts plant growth and 

yields due to fixation problem. The problem of fixed P can be solved partly by phosphate 

solubilizing bacteria and the study was carried out to characterize and evaluate the phosphate 

solublizing and other plant growth promoting properties of rhizobacteria from field pea (Pisum 

sativum L.) collected in East Wollega and Horro Guduru Wollega, Ethiopia using Pikovskaya 

methods in laboratory condition. The 11 isolates were further evaluated on Pikovskaya medium 

containing Ca3(PO4)2, AlPO4 and FePO4 sources. Morphological, physiological and 

preliminary biochemical tests were used for identification of the bacteria. Eleven of the isolates 

that were positive for phosphate solubilization were identified as belonging to six genera. 

Pseudomonas spp. and Bacillus spp. were the dominant bacteria species among the isolates. 

Isolate PsHU2 and PsHU6 showed highest P-solubilization efficiency of 233% in TCP, 133% in 

AlPO4, 75% and 50% in FePO4 respectively, whereas PsHU4 showed P-solubilization efficiency 

of 200% in TCP and 50% FePO4 in solid media. The isolates showed significant differences in 

their soluble P and pH changes in the supernatant of all liquid medium containing Ca3(PO4)2, 

AlPO4 and FePO4 over the entire incubation period. Generally, based on in vitro tests, the 

isolates PsHU2, PsHU6, and PsHU4 were the best P-solubilizers in both alkaline and acidic 

environments and possess multiple plant growth promoting properties. An experiment was also 

carried out to evaluate the effects of single and co-inoculation of Rhizobium and Pseudomonas 

on growth and yield of field pea under field condition of Jimma-rare and Holeta in Ethiopia. A 
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total of eleven treatment combination composed from three Rhizobium and two Pseudomonas 

isolates with control and each replicated three times and arranged in Randomized Complete 

Block Design. Seeds of “Burkitu” improved local variety of Pisum sativum were sown after 

uniformly coated with inoculants. Single and dual inoculations with Rhizobium and 

Pseudomonas spp. significantly (P<0.05) increased all parameters investigated as compared 

with uninoculated treatments. The highest mean nodule number per plant, nodule dry weight and 

shoot dry weight were 64.33 (RHU35PsHU6), 191.5mg (RHU35PsHU2) and 11.55 g/plant 

(RHU35PsHU2), respectively. However, the highest mean pod number per plant, seed per pod 

and grain yield were 22.03 by RHU35PsHU2, 5.41 (RHU35) and 2225.0 kgha
-1

(RHU35PsHU6), 

respectively. The highest mean plant nitrogen and plant phosphorus in straw were 4.42% 

(RHU35PsHU6) and 1721.67mgkg
-1

(RHU35PsHU6), respectively. It is concluded that isolates 

RHU22, RHU18, RHU35, RHU3, and RHU29 were nutritionally versatile, ecologically 

competitive, and highly symbiotically effective. Isolates PsHU6 and PsHU2 were the most 

efficient in their overall performance on the different inorganic phosphate sources. The dual 

RHU35PsHU6, RHU35PsHU2, RMPsHU2 and single RHU35 were identified as potential 

inoculants. This implies that it could enhance growth and yield of field pea in soils of N and P 

deficiency. 

 

 Keywords: Characterization, Field Pea, Effectiveness, plant growth promoting rhizobacteria, 

Pseudomonas 
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1. GENERAL INTRODUCTION 

 

Nitrogen is the most limiting element to plant growth throughout the world (Elser et al., 2007). 

While 78% of the earth’s atmosphere is N2, this is not readily available for use by the majority of 

living organisms, because the N2 molecules do not easily enter into chemical reactions (Agren 

and Franklin, 2003). Nitrogen reserves of agricultural soils must therefore be replenished 

periodically in order to maintain an adequate level for crop production through mineral fertilizer 

or Biological Nitrogen Fixation (BNF) systems (Bijay et al., 2008). Fixation of atmospheric 

nitrogen is one of the direct mechanisms by which rhizobacteria makes this nitrogen available for 

the growth of plants (Gray and Smith, 2005).  

 

Field pea is capable of fixing nitrogen with root nodule bacteria known as Rhizobia and they 

play a great role in soil fertility management through intercropping and crop rotation systems. It 

is estimated that the rhizobia-legume BNF contributes approximately 35 x 10
15 

kg i.e., with ca. 

24-584 kg N per hectare per year to the global nitrogen budget (Dinic et al., 2014). The ability of 

legumes to fix the desired amount of nitrogen depends on many factors such as the effectiveness 

of the Rhizobium strain, the genetic makeup of the host plant, agronomic, and other 

environmental factors (Nutman, 1976). Available literature data indicate that soil acidity is 

among the main edaphic factors determining the distribution and nitrogen-fixing capacity of 

nodule bacteria (Watkin et al., 2000).The roots shorten and root hairs swell in most legumes 

growing on acid soils (pH < 5.0), and these phenomena suppress the infection process and the 

formation of efficient nodules (White and Robson 2006). The cells of Rhizobium become 

smaller, the synthesis of extracellular polysaccharides decreases, and the formation of nodules is 

suppressed under low pH values and Ca deficiency (Cunningham et al., 2007). 

 

In addition, most of the soils around the world, particularly in the tropics are deficient in P due to 

sorption-desorption and immobilization-mineralization processes (Khan et al. 2009). As a result 

large amount of P applied as fertilizer to the soils enters into the immobile pools through 

precipitation reaction with highly reactive Al
3+

, Fe
3+

 and Ca
2+,

 and converted into insoluble 

forms of AlPO4, FePO4  in acidic, and Ca3 (PO4)2  in calcareous or neutral soils (Gyaneshwar et 

al., 2002; Shigaki et al., 2006). This leads to poor uptake by plants, and excess application of P 
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fertilizers to crops since most of them are rapidly converted into insoluble forms or washed away 

into fresh and causes algal bloom, and formation of eutrophication to water body (Pretty et al., 

2003). Consequently, the fertilizer use efficiency of P fertilizer throughout the world is around 

10-25% and concentration of bio-available P in soil is very low reaching the level of 1.0 mg kg
–1

 

soil (Isherword, 1998). 

 

The rhizosphere harbours competent bacteria that exert a beneficial effect on plant growth which 

are termed as plant growth-promoting rhizobacteria (PGPR) (Kloepper 1991). The PGPR 

contributes to plant growth through direct or indirect mechanisms (Adriana et al., 2013). The 

direct mechanisms are through production of growth hormones, mineralization of organic 

substances, solubilization of minerals like phosphorus, zinc, and potassium (Alikhani et al., 

2006). The indirect mechanisms, on the other hand, include through acting as biocontrol agents 

that reduce diseases by changing microbial balance in the rhizosphere in favor of beneficial 

microorganisms (Siddiqui, 2006). The most important PGPR are Pseudomonas and Bacillus 

(Mallaiah, 2007). Son et al. (2006) reported that Pseudomonas spp. enhanced nodulation, 

nitrogen fixation, and increased grain yield, nutrient availability and uptake in a soybean crop. 

Simultaneous application of Rhizobium with phosphate solubilizing microorganism has been 

shown to stimulate plant growth more than the sole inoculation under deficient conditions 

(Parveen et al., 2002). Remans et al. (2007) also showed that co-application of Rhizobium 

isolates and phosphate solubilizing microorganisms improved yield in soils with low available 

phosphorus content. 

 

In Ethiopia, pulse crops are cultivated on approximately 13% of the agricultural land and 

contribute to approximately 10% of the agricultural economy of Ethiopia (Mulugeta et al., 2015). 

The most widely grown pulse crops are faba bean (Viciafaba L.), field pea (Pisum sativum L.), 

chickpea (Cicer arietinum L.), lentil (Lens cultinaris Medik.), grass pea (Lathyrus sativus L.), 

fenugreek (Trigonella foenum-graecum L.), and lupin (Lupinus albus L.), all of which are 

categorized into high to mid land pulses (Asaw et al., 1994).  

 

Field pea (Pisum sativum L.) is the second most cultivated pulse crop in the world after 

Phaseolus vulgaris (Tar’an et al., 2005) and the third most important pulse crop in Ethiopia after 
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faba bean and chick pea in terms of both area and total amount of production (Haddis, 2013). It 

plays a great role in agricultural production as a driver for economic growth and food security by 

contributing to smallholder income (Mulugeta et al, 2015). It is also an important component in 

the farming system in crop rotation, for it is one of the most highly efficient nitrogen fixing crops 

and may drive as much as 80% of its total nitrogen requirement fixing to the tune of 121-175 kg 

ha
-1

under good growing conditions (Schatz and Endres, 2009). Field pea also has a potential to 

form association with phosphate solubilizing bacteria (Oteino et al., 2015). 

 

In Ethiopia, field pea covers over 203,990.64 ha of land area with the total production accounting 

for 13% of the total grain legume production (CSA, 2011). Currently, the productivity of field 

pea in Ethiopia is far below the expected potential because of poor soil fertility such as low 

nitrogen and phosphorus contents, nutrient loss, lack of agricultural input, soil acidity, and 

improper agricultural practices (Mulugeta et al., 2015).  

 

Most Ethiopian soils including western Ethiopia are similar to the agricultural soils of other 

countries in the tropics, which are generally low in nitrogen and phosphorus due to leaching and 

fixation, respectively. For instance, Stoorvogel and Smaling (1990) estimated soil nutrient losses 

from the highlands of Ethiopia in excess of 80 kg of N per cultivated hectare. Furthermore, soil 

acidity is among the most important factors that affect crop production in western Ethiopia. In 

acidic soils, P easily reacts with Al and Fe, and gets fixed (Huck et al., 2014). This process of P-

fixation makes applied or native P unavailable to plants. Hall (2008) reported that most plants 

and soil organisms prefer pH range between 6.0 and 7.5. Previous reports by different workers 

(Abdana et al., 2013; Achalu et al., 2012) indicated that the pH of soils in East Wollega and 

Horro Guduru Wollega Zones, western Ethiopia, is in the range of strongly acidic category and 

thus needs immediate intervention and amelioration for enhancing crop production. 

 

In the study areas, field pea is the major pulse crop being produced. However, its current 

production is constrained due to soil acidity accelerated by extensive application of acid forming 

fertilizers such as ammonium fertilizers. The acidic pH of the study area limits both growth of 

plants and persistence of Rhizobium strains in the soil and inhibits the nodulation and nitrogen 

fixation. However, the effect of soil acidity varies among rhizobia strains (Appunu et al., 2005). 
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To solve the problem of soil acidity and soil fertility, the Ethiopian government has been 

promoting the use of chemical amendments such as lime to raise soil pH to desirable level and 

application of inorganic and organic fertilizers to solve plant nutrient deficiencies with less 

emphasis to biofertilizers (Zelleke et al., 2010). However, continuous application of inorganic 

fertilizers like urea alone is aggravating soil acidity in western Ethiopia. Boifertilizers are the 

most important fertilizers in building organic and sustainable agriculture unlike chemical 

fertilizers which affect human health and cause environmental pollution (Savci, 2012). Low cost 

and environmentally friendly alternative sources of plant growth promoting rhizobacteria isolates 

are some of the reasons for the world-wide use of various legume crops for increasing crop 

productivity and ensuring food security. Adoption of such technologies by farmers will help in 

minimizing production costs and avoid environmental hazards (Anteneh, 2012). 

 

In Ethiopia, limited work has been done on screening rhizobia of field pea for inoculant 

preparation in some parts of the country. Aregu et al. (2012) studied symbiotic effectiveness of 

field pea rhizobium in the central and southern parts of Ethiopia; Fano (2010) in Southern 

Tigray, and Kassa et al. (2015) in Eastern and West Hararghe. These studies showed that 

Ethiopian soils are diverse in harbouring symbiotically effective rhizobia depending upon 

geographical locations and host varieties to improve field pea production.  

 

However, plant growth promoting rhizobacteria screening as inoculants and evaluating their dual 

inculcation on field pea has not been   done in the study area. Therefore, the study was 

undertaken with the aim of investigating field pea growth and yield enhancing plant growth 

promoting and P solubilizing rhizobacteria in East Wollega and Horro Guduru Wollega, western 

Ethiopia. Furthermore, it is hoped that the best performing isolates will be used for future 

inoculant to maintain soil fertility, particularly N and P deficiency and enhance growth and yield 

of legume crops. 
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In view of this, the study proposed the following three sets of hypotheses: 

1. Effective Rhizobium that enhances the growth and nitrogen content of field pea (Pisum 

sativum L.) could be found in soils of the study area.  

2. Effective plant growth promoting rhizobacteria that readily solubilizes fixed P could be 

found in field pea rhizosphere of the study area.  

3. Effect of single and co-inoculation of phosphate solubilizing bacteria (Pseudomonas sp.) and 

Rhizobium could enhance growth and yield of field pea (Pisum sativum L.). 

 

Therefore, the study was undertaken with the general objective of investigating field pea growth 

and yield enhancing rhizobacteria in East Wollega and Horro Guduru Wollega, western Ethiopia 

 

The specific objectives of the study were: 

 

1.1. To isolate and characterize rhizobia collected from root nodule of field pea plants from East   

        Wollega and Horro Guduru Wollega Zones. 

1.2.To evaluate and identify effective rhizobia that enhance the growth and nitrogen content of 

field pea on sand pot experiment under greenhouse conditions.  

2. To isolate, characterize, and evaluate effective phosphate solublizing and other plant growth 

promoting properties of rhizobacteria from field pea (Pisum sativum L.) collected from East 

Wollega and Horro Guduru Wollega Zones, Ethiopia. 

3. To evaluate the effect of single and co-inoculation of Rhizobium sp and Pseudomonas sp. on 

growth and yield of field pea (Pisum sativum L.) under field conditions in Jimma Rare and 

Holeta Agricultural Research Center, Ethiopia.  

 

1.1. Description of the study area 

 

The study was carried out in East Wollega and Horro Guduru Wollega Zones in western Ethiopia 

situated at about 245-380 kms west of the capital, Addis Ababa. The districts selected for field 

pea rhizosphere soils and soil sample collection were Jimma Rare, Horro, and Guduru of Horro 

Guduru Wollega and Wayutuqa, Leqa-dullecha, and Jimma Arjo of East Wollega Zones, 

Ethiopia. A total of six districts (Figure 1.1) were covered in the study. The sites are located  
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Figure 1.1. Map of Oromia National Regional State in Ethiopia (A) and study zone of East 

Wollega and Horro Guduru Wollega Zones in Oromia National Regional State (B), nodule and 

rhizosphere soil collection sites (C) 

 

 between 36°30'44.28"- 37°22'44.90" E and 08°44'29.66"- N09°13'3.95"N. The altitude, the 

mean annual rainfall and the mean minimum and maximum temperatures of these areas range 

from 1500 to 3140 meters above sea level, 1000 and 2400 mm yr
-1

, and 12.2 and 27 
0 

C, 

respectively (Demissu et al., 2013). Oxisols mainly occur in western and south western Oromia 
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(Mesfin, 1998). Major crops grown in the zones include cereals (barley, wheat, teff, maize, and 

oat), pulses (faba bean and field pea), and oil crops (niger seed, rapeseed, and sesame) 

(Dechassa, 2003). Urea and DAP are the most common mineral fertilizer being practiced by 

farmers of the study area (personal communication with DA of the study area). 
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2. SYMBIOTIC EFFECTIVENESS OF LOCAL RHIZOBIA 

NODULATING FIELD PEA (Pisum sativum L.)COLLECTED FROM 

SOILS OF EAST WOLLEGA AND HORRO GUDURU WOLLEGA, 

WESTERN ETHIOPIA 
 

ABSTRACT 

 

Crop yield in Ethiopia is low due to low soil fertility, particularly nitrogen (N) deficiency. This 

problem can be solved through the use of biological nitrogen fixation in association with root 

nodule bacteria of legumes such as field pea. Screening and selecting the most effective strain is 

important for effective biological nitrogen fixation. This study was initiated to characterize and 

evaluate symbiotic effectiveness of field pea rhizobia collected from East Wollega and Horro 

Guduru Wollega zones, Ethiopia. Thirty two (32) rhizobial isolates from field pea (Pisum 

sativum L.) collected from Jimma Rare, Guduru, Horro, Wayu-tuqa, Leqa-dullecha and Jimma-

arjo were isolated and phenotypically characterized under laboratory conditions. The results 

showed that all the thirty two isolates exhibited typical colony characteristics of fast growing 

rhizobia. The majority of the isolates displayed large mucoid (50.4%) and watery colony texture 

(40.6%) and attained colony sizes ranging from 2.8-6.0 mm with generation time between 1.8 

and 4.5hours. A number of isolates (41%) displayed phosphorus solubilization ability with 

phosphate solubilization indices (SI) ranging from 1.1 to 2%. Most of the isolates grew at pH 

values ranging from 4.5-9.0, concentrations of NaCl (1-4%), and displayed tolerance to 10 to 

45°C incubation temperatures. The isolates were also capable of growing on the majority of the 

tested carbon and nitrogen sources. Twenty nine isolates were authenticated and evaluated for 

their symbiotic effectiveness on sand pot experiment in green house in Holeta research center in 

2015. The isolates showed significant variations in their symbiotic effectiveness in nitrogen 

fixation and enhancing growth of the pea cultivar Burkitu compared to the uninoculated and 

non-fertilized control plants. The data also showed that 94.4% of the isolates performed best in 

symbiotic nitrogen fixation from which 36.4% were highly effective and 62% were effective. The 

inoculated plants also showed differences in plant tissue nitrogen content which ranged from 

1.72 to 2.93%. The highly effective isolates (RHU22, RHU18, RHU35, RHU3 and RHU29), and 

the effective isolates (RHU10 and RHU13) were nutritionally versatile and ecologically 

competitive and hence deserve recommendation for further test on several pea varieties under 

field conditions to enhance field pea production. 

 

Keywords: field pea, characterization, ecological tolerance, rhizobia  
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2.1. INTRODUCTION 

 

Nitrogen is the most limiting element to plant growth throughout the world (Elser et al., 2007). 

While 78% of the earth’s atmosphere is N2, this is not readily available for use by the majority of 

living organisms, because the N2 molecules do not easily enter into chemical reactions (Agren 

and Franklin, 2003). 

 

The integration of field pea in crop rotation is due to its ability to fix atmospheric nitrogen 

[Biological Nitrogen Fixation (BNF)] with root nodule bacteria known as Rhizobium 

leguminosarum bv. Viciae to the tune of 121-175 kg ha
-1

year
-1

(McCollum et al., 2000). 

According to Schatz and Endres (2009), it is one of the most highly efficient nitrogen fixing 

leguminous crops that derive up to 80 % of their total nitrogen requirements under g 

ood growing conditions. Consequently, the high return from the highly effective and low cost of 

rhizobium inoculants are some of the reasons for the world-wide use of rhizobial inoculants to 

increase crop production and ensure food security using various legume crops. However, 

effectiveness in BNF is affected by low mineral contents such as P, K, Fe, Mo, salinity, drought, 

acidity, and soil temperature (Zaharan, 1999).  

 

Field pea is one of the highland and cool-season grain legumes serving as important source of 

dietary protein, carbohydrates minerals, and vitamins (Mustafa et al., 2010). It is cultivated in 

temperate, Mediterranean regions, and at high altitudes in sub-tropical and tropical countries 

including Burma, India, Ethiopia, Morocco, Columbia, Ecuador, Peru, and Pakistan (Javaid, 

2002).  

 

In Ethiopia, field peas are mainly cultivated in highland and mid highlands with altitude ranging 

from 1800-3000 meters above sea level; mainly in  the highlands of Gondar, Gojam, northwest 

Wollo, Tigray, and central highlands of Shewa (Asfaw et al., 1994), southern, western and 

central parts of the country (Yasin and Hussen, 2013) and highlands of Hararghe (Kassa  et al., 

2015). It is used for crop rotation in low-input agriculture in the country to replenish soil nutrient 

loss by soil erosion which is estimated to be equivalent to soil nutrient losses of 80 kg of N per 

cultivated hectare from the highlands of Ethiopia (Stoorvogel and Smaling, 1990). 
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Acidic soils limit crop production on 30-40% of the world's arable land and up to 70% of the 

world's potentially arable land (Taye, 2007). In Ethiopia 40% of the arable land is currently 

affected by acidity and this particularly severe in western zones of Oromia, western parts of 

Ethiopia (Batjes, 1995; Abdenna et al., 2007 and Abebe, 2007). However, aluminium toxicity is 

a major problem constraining crop production in acid soils. This problem is exacerbated by the 

current extensive use of ammonium fertilizers and acid rain (VonUexkull and Mutert, 2005). 

Although some parts of Wollega are major field pea producing areas, the symbiosis could be 

inhibited by a very low pH, a very high exchangeable acidity, low calcium, and potassium ion in 

the soil (Abdenna et al., 2013).  

 

There are two most common ways to mitigate Al toxicity which are liming and use of tolerant 

cultivars or strains. Detoxification of Al by liming is possible in surface soil in the field to a pH 

5.5 or above. However, liming does not remedy for sub soil acidity and it may not always be 

practical or cost effective (Tesfaye et al., 2001). Under such situations, use of tolerant rhizobia 

strains may be a satisfactory solution to this problem.  

 

There is variation in stress tolerance among different strains of Rhizobium leguminosarum. This 

variability is an important tool to measure the survival advantage of one strain over the other in 

the severe soil environment (Rice et al., 1977). Strains resistant to different soil stresses have 

potential to improve the production of legumes grown on the area, and extend the ranges of soils 

upon which legumes could be adapted to grow (Munns, 1978). Metabolic versatility and 

specialization among rhizobial strains enables some strains to persist in adverse environments 

and compete successfully with other bacteria (Mazur et al., 2013).  

 

Use of acid tolerant rhizobium strains for aluminium tolerance is a reliable approach to enhance 

production of legume crops (field pea) on acidic soils (Wei et al., 2008).There is no any 

information on screening of acid tolerant rhizobium nodulating field pea in Ethiopia. However, 

limited work has been done on nodulation status and nitrogen fixation potential of field pea 

rhizobia from soils in Eastern and Western Hararghe Highlands, (Kassa et al., 2015), central 

Ethiopia (Aregu et al., 2012), and Southern Tigray (Fano, 2010). These studies showed that 

Ethiopian soils are diverse in harbouring symbiotically effective rhizobia depending upon 



31 

 

 

geographical locations and host varieties to improve field pea production. These studies also 

showed that effectiveness of isolates under controlled environment may not necessarily be 

concurrent to their performance in the field because of the environmental conditions that govern 

the process of nitrogen fixation (Sanginga et al., 1995) which necessitates the need for screening 

in vitro the nutritionally versatile and stress tolerant isolates that could give an insight to their 

probable survival and persistence in the soil. 

 

Therefore, the present study was conducted with the objective of investigating the potential of 

nitrogen fixing rhizobia in field pea collected from sampling sites in East Wollega and Horro 

Guduru Wollega, western part of the country. Furthermore, it is hoped that the best performing 

isolates will be used in the future as inoculants to maintain soil fertility, particularly N deficiency 

and enhance growth and yield of legume crops.  
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2.2. MATERIALS AND METHODS 

 

2.2.1. Description of the study sites 

 

The study was carried out in East Wollega and Horro Guduru Zones in Western Ethiopia located 

between 36°30'44.28"- 37°22'44.90" E and  08°44'29.66"- N09°13'3.95"N. The altitude, the 

mean annual rainfall, and the mean minimum and maximum temperature of these areas range 

from 1500 to 3140 meters above sea level, between 1000 and 2400 mm yr
-1

, and 12.2 and 27 
0
c, 

respectively (Demissu et al., 2013) (Figure 1.1).The major crops grown in the zones include 

cereals (barley, wheat, teff, maize, and oat), pulses (faba bean and field pea), and oil crops (niger 

seed, rapeseed, and sesame). 

 

2.2.2. Sample collection procedure and sample analysis 

 

Nodule and soil samples were collected from six selected districts; Wayu-Tuqa, Leka-Dullecha, 

and Jimma-Arjo districts from East Wollega Zone and Jimma Rare, Horro, and Guduru districts 

from Horro Guduru Wollega Zone (Table 2.1).  

 

In each district, six farmlands were purposively selected based on production status of field pea. 

The nodule and soil collection spots were geo-referenced using geographic positioning system 

(GPS). Soil samples were collected from 0-30 cm depth in the rhizosphere of the same site; sub 

sampled, and collected in polyethylene bags and analyzed for their selected chemical properties 

at Haramaya University soil laboratory. From each farmland, five plants were randomly taken 

from which 20 nodules were detached, composited, and collected in a vial containing silica gel 

covered with cotton and brought to Holeta Agricultural Research Center, Ethiopia for further 

analysis. 

 

Organic carbon was determined using the wet oxidation method (Walk-ley and Black, 1934), 

while total N was determined following the modified micro-Kjeldahl procedure (Jackson, 1958). 

Available soil P was measured using the Olsen extraction method (Olsen et al., 1954), while pH 
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was measured in the supernatant solution of 1:2 soil to water ratio suspension using pH meter 

(Carter, 1993).  

 

2.2.3. Treatment and design of the experiment 

 

From the 36 sampling sites, a total of 36 representative nodule samples were collected from field 

pea in East Wollega and Horro Guduru Wollega Zones and isolation of rhizobia was done on 

YEMA medium at Holeta Research Center in 2015. Out of the 36 nodule samples, only 32 

rhizobia were successfully isolated and designated as Rhizobium of Haramaya University (HU1- 

HU36).The32 isolates were evaluated for their biochemical characterization (12 carbohydrate 

and 7 amino acid sources) on YEMA medium as a presumptive test. In addition, morphological 

and eco-physiological conditions [different levels of pH, temperature, salt concentrations, 

Intrinsic Antibiotic Resistance (IAR), and heavy metals (HMR)] of the isolates were tested on 

YEMA incubated for 3-5 days. Finally, 29 isolates were evaluated for their effectiveness and 

non-effectiveness with regard to symbiotic characteristics on sand pot experiment in 2015/16. 

Each evaluation was done in triplicates. The details of materials and procedures as explained in 

each section below. 

 

2.2.4. Isolation and purification of isolates 

 

After thoroughly washing with tap water, the nodules were soaked overnight in distilled water, 

and surface-sterilized using 95% ethanol and hypochlorite, washed several times with water 

(Somasegaran and Hoben, 1994), and crushed in 0.1 N NaCl solution and a drop of distilled 

water. A loopful of the suspension from each nodule was streaked on Yeast Extract Mannitol 

Agar (YEMA) medium containing 0.0025% (w/v) Congo red and incubated at 28 ± 2 OC for 3 to 

5 days. They were purified by repeated sub-culturing on the same medium, gram stained, and 

grown on Hofer’s alkaline broth (HAB) medium (Vincent, 1970) and Peptone-glucose-agar 

(PGA) medium (Suba Rao, 1988) as presumptive test for identifying root nodule bacteria. The 

pure isolates were designated as Rhizobium of Haramaya University (RHU1-RHU36) number 

indicates number of sampling site and preserved at 4
o
C. 
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2.2.5. Cultural and growth characteristics of isolates 

 

Forty eight hours old YEM broth culture was inoculated on YEMA plate and incubated at 30
o
C 

for 3-5 days to determine colony characteristics like color, texture, and shape of isolates. They 

were also inoculated into Bromothymol blue (0.0025% w/v) (BTB-YEMA) medium to detect 

acid /base production by the isolates according to Jordan (1984). 

 

Growth rate (generation time) was also determined by transferring a single colony of each isolate 

into test tubes containing 10 ml YEMB and placing on a rotary shaker (125 rev/min) at room 

temperature for 24 hours, from which one millilitre (ml) of suspension (1×10
8
 cfu/ml) was 

transferred into 100 ml of YEMB in 250 ml Erlenmeyer flask and incubated at room temperature 

for 72 hours. Samples (1ml each) were drawn every six hours to measure the turbidity (optical 

turbidity) using spectrophotometer (Jenway, 6405 UV/) at 540 nm against the blank (sterilized 

un-inoculated YEM broth). The generation time was calculated for each isolates from the 

logarithmic phase (White, 1995) based on the following formula: 

 

0

2

XlogXlog

tlog
g


  

where, g = generation time, t = time elapsed, XO = first optical density reading, X = second 

optical density reading 

 

2.2.6. Utilization of C and N sources 

 

Isolates were tested for their ability to utilize 12 different carbon sources, according to 

Somasegaran and Hoben (1994). The carbon sources were starch, cellobiose, dextrin, lactose, 

sucrose, galactose, maltose, fructose, glucose, arabinose, xylose, and sorbitol. Ten percent of the 

sugar solutions were filter-sterilized (0.2 μm) and separately added to the autoclaved basal 

YEMA medium (without mannitol). 

 

Similarly, isolates were grown on the same basal medium containing filter-sterilized (with pore 

size of 0.22 μm) amino acids (L-lysine, L-leucine, L-alanine, Glycine, L-aspargine, L-cystine, 
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and L-Diphenylamine) at concentrations of 0.5 g/liter from which ammonium sulfate was 

omitted and mannitol was added at a concentration of 1 g/liter. Substrates were sterilized by 

filtration according to Amarger et al. (1997). 

 

2.2.7. Eco-physiological characteristics 

 

For every experiment, about 30 μl of the inoculum suspension (10
6
/ml) was streaked onto Petri 

plates containing YEMA plates and incubated at 28 ± 2 
0
C for 5 days. Each test was done in 

triplicates. Growth was recorded as (+) for slight growth, (++) for abundant growth, and (-) for 

no growth Somesegaran and Hoben (1994). 

 

2.2.7.1. pH, salt, and temperature tolerance of isolates 

 

All tests were undertaken according to Lupway and Haque (1994) and the ability of the isolates 

to grow on acidic or basic media was tested by streaking each isolate on separate petri plates on 

YEMA with pH adjusted to 4.0, 4.5, 8.0, and 9.0 with sterile 0.1N HCl or 1N NaOH. In addition, 

temperature tolerance was evaluated by inoculating isolates on YEMA incubated at 10, 40, 45, 

50, and 55 
0
C. The isolates were also inoculated on the same medium adjusted with sodium 

chloride solution to concentrations of 1, 2, 3, and 4% (w/v). They were then incubated at 30
o
C 

for 5-7 days. Data were recorded qualitatively either as + for growth or – for no growth. 

 

2.2.7.2. Test for inherent antibiotic resistance (IAR) and heavy metal resistance (HMR) 

 

The intrinsic antibiotic and heavy metal resistance of isolates to different antibiotics were 

evaluated according to Zhang et al. (1991). The antibiotics were supplemented after being filter-

sterilized (0.2 μm) on YEMA media at two concentrations of 5 μg ml
-1 

and 10 μg ml
-1

. The 

antibiotics were penicillin, kanamycin, streptomycin, amoxicillin, ampicillin, chloramphenicol, 

and spectinomycin. Most of these were dissolved in water except chloramphenicol that was 

prepared in absolute alcohol (95%) and diluted to the required volume with distilled water. 

Resistance to heavy metals was also determined on solid YEMA media containing the following 
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filter-sterilized heavy metals at the concentrations of (μg ml
-1

) MnCl2, 250 and 500; HgCl2, 5 and 

10; ZnCl2, 50 and 100 and CuCl2 50 and 100. All plates were incubated at 30
o
C for 5-7 days. 

 

2.2.8. Screening for phosphorus solubilization 

 

Rhizobial isolates were screened for tricalcium phosphate solubilization ability on Basal Sperber 

agar medium containing: 10 g/l glucose, 0.5 g/l yeast extract, 0.1 g/l CaCl2, 0.25 g/l 

MgSO4.7H2O, 2.5g/lCa3(PO4)2, and 15g/l Agar and mixed in 1000ml sterile distilled water and 

autoclaved for 15 minutes at 121atmaccording to Alikhani et al. (2006). All isolates were tested 

with three replications. Twenty four hour cultures were spot inoculated on the medium and 

incubated at 28 ±2 
0
C for 7 days to determine solubilization indices according to Abou El Yazeid 

et al. (2007): 

DC

DHZDC
PSI


  

where, PSI is phosphate solubilizing index, CD is diameter of colony, and HZ is diameter of halo 

zone. 

 

2.2.9. Authentication and evaluation of symbiotic effectiveness 

 

After having presumptively tested for primary screening, the isolates were authenticated as root 

nodule bacteria and tested for their symbiotic effectiveness using the sand pot experiment 

following the procedure described by Somesegaran and Hoben (1994). Five seeds of “Burkitu” 

variety of Pisum sativum variety were surface sterilized as before and were coated with 

powdered inoculants of 10% sugar solution at a rate of 20ml inoculants kg
-1

 of seed. The coated 

seeds were sown into surface sterilized (95% alcohol) three-kg capacity plastic pots filled with 

river sand and soaked with sulfuric acid and well washed. All inoculations were done just before 

planting under shade to maintain the viability of microbial cells. Plants were grown in a 

greenhouse with a 12/12 hour light/dark cycles and a maximum day and night time temperature 

of 27 ±1 and 20 ±1 
0
C, respectively.  
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A total of 31 treatments were made from 29 rhizobial isolates and two controls. The experiment 

was laid out in complete randomized design (CRD) and replicated three times with two controls- 

the negative control (without N and Rhizobium) and the positive control (with N). At the 

beginning, all plants were given 100ml of 0.05% KNO3 (W/V) once as starting nitrogen. The 

positive control was irrigated with 100ml of 0.05%KNO3 (w/v) solution once a week for four 

weeks. The N-free nutrient solution was given to all plants at a rate of 100ml/pot once a week as 

full strength for the four consecutive weeks and supplied with distilled water every two days 

(Somasegaran and Hoben, 1994). 

 

After 45 days of planting, plants were harvested to collect data on nodule number plant
-1

, nodule 

color, nodule dry weight (mg plant
-1

), shoot dry weight (g plant
-1

), Nitrogen content (percent N), 

and total N (g per plant). The nodule and tissue nitrogen content were determined following the 

method outlined in Sahlemedhin and Taye (2000), and multiplying the percent N content by the 

shoot dry weight. Shoot was digested using a mixture of H2SO4-H2O2and the N concentration 

determined. The percent symbiotic effectiveness (SE %) of the isolates was computed using the 

formula (Beck et al., 1993): 

100
b

a
(%)SE 

 

 where a is shoot dry weight of inoculated plants and b is shoot dry weight of N supplied plants. 

Finally, the symbiotic effectiveness (SE) values of the isolates were rated as highly effective (> 

80%), effective (50-80%), less effective (35-50%), and ineffective for SE < 35%. 

 

2.2.10. Statistical Analysis 

 

Data on nodule number, nodule dry weight, and shoot dry weight, and plant tissue N content 

were subjected to analysis of variance (ANOVA) using SAS version 9.0 and   least significant 

difference (LSD) test was used to identify significantly different means. A probability level of P 

< 0.05 was significant among treatments. Pearson’s correlation coefficient (r) was also 

determined for the association of shoot dry weight with nodule number, nodule dry weight, and 

with plant tissue N content and reported at P < 0.01 level of significance.  
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2.3. RESULTS AND DISCUSSION 

 

2.3.1. Soil chemical characteristics of the sampling sites  

 

Selected soil chemical characteristics of the study sites are presented in Table 2.1. The percent of 

OC and TN varied from 0.93-2.9, 0.08 - 1.8 among sampling sites, respectively. As per rating of 

Tekalign (1991) soil samples across the study area qualified as < 0.5 % very low, 0.5-1.5% low 

and 1.5-3.0% medium , and >3.0% as high levels of OC, about (43.75 %) and (56.25%) of soil in 

the present study were found to be low and moderate in soil organic carbon, respectively. In 

comparing with the rating of Murphy (1968) qualified as low (<0.10), medium (0.10-0.15) and 

high (0.15-0.25), very high (>0.25), about (21.87%), (59.37%) and (18.75%) of soil in the 

present study were found to be low, medium and high in soil total nitrogen, respectively.  

 

 Long term cultivation without organic fertilizers leads to a decrease in soil OC and total N 

contents because organic forms generally account for more than 95% of soil N (Alexandra, et al. 

2013. The lower TN in the study area may be ascribed to complete removal of crop residues, less 

organic in put application and more intensive cultivation. Frequent cultivation would accelerate a 

higher oxidation rate of soil OM. Tsehaye and Mohammed (2013) reported lower soil TN 

content due to intensive cultivation, less input application, and higher mineralization rate in 

Ethiopian soils. 

 

The soil pH varied from 4.79-5.25 among sampling sites indicating that the soils are strongly 

acidic. The available phosphorus contents varied from 3.5 and 12 among sampling sites 

respectively. Based on the rating of Ethio SIS (2014) qualified as very low (<15), low (15-30) 

and optimum (30-80), high (80-150) and very high (>150), soils of the present study site were 

found to be very low (<15 mgkg
-1

) in available phosphorus. The low contents of available P as a 

common characteristic in most of the cultivated soils of Ethiopia were indicated by Tekalign et 

al. (2002). 
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Table 2.1. Description of the study sites and soil characteristics of the sampling sites of East 

Wollega and Horro Guduru Wollega in western Ethiopia  

District/ 

Locality 
Latitude 

Longitude Altitude 

(m) 

OC 

(%) 

TN 

(%) 

AP 

(mgkg
-1

) 

Soil 

pH 

Jimma Rare 

Sochosa N09°13'3.95" E 37°22'44.90" 2373 1.51 0.16 8.2 4.92 

Ilamu N09°14'29.85" E 37°19'11.38" 2268 1.27 0.10 8 4.95 

Goban  N 09°10'22.08" E 37°20'5.77" 2548 1.39 0.12 9.4 5.17 

Sochosa N 09°15'4.58" E 37°22'20.90" 2264 1.3 0.11 11 5.36 

Gamada  N 09°16'1.71" E 37°22'38.75" 2244 1.74 0.15 10 4.97 

Guduru 

Bantu N 09°32'13.52" E 37°26'49.72" 2301 1.74 0.13 9.7 4.85 

Gabate  N 09°22'34.78" E 37°24'39.32" 2302 1.47 0.09 7.6 4.8 

Gabate  N 09°25'3.89" E 37°25'55.86" 2375 1.77 0.11 8.3 5.29 

Loha  N 09°28'49.68" E 37°22'56.71" 2417 1.87 0.11 10 5.3 

Didibe N 09°29'24.43" E 37°28'26.45" 2616 2.09 0.18 12 5.01 

Horro 

Cabir N 09°31'10.98" E 37° 5'17.35" 2405 1.17 0.09 3.6 4.80 

Akaji N 09°32'47.96" E 37° 3'37.95" 2834 1.39 0.10 5 4.95 

kombolch N 09°33'50.84" E 37° 3'54.19" 2754 1.86 0.16 9.3 4.94 

Rifenti N 09°32'0.42" E 37° 5'37.07" 2443 2.02 0.18 11 5.14 

Akaji N 09°32'46.91" E 37° 3'34.9" 2792 1.44 0.15 4.4 4.79 

Wayu-Tuqa 

Komto N 09° 6'47.03" E 36°43'12.32" 2814 1.5 0.09 6.9 4.97 

Lije sefer N 09° 4'50.64" E 36°39'58.83" 2193 2.5 0.15 10 4.94 

Dalo N 09° 3'51.95" E36°37'35.80" 2016 1.4 0.10 7.6 5.05 

Dachasardo N 09° 2'37.03" E 36°40'29.66" 1935 2.5 0.12 9.6 4.83 

Dachasardo N 09° 4'55.62" E 36°39'18.46" 2159 2.5 0.14 7 5.10 

Leqa-Dullecha 

Wanibo N 08°50'47.20" E 36°28'40.77" 2485 0.93 0.08 6.3 4.95 

Gudina jilo N 08°56'20.13" E 36°28'51.50" 2168 1.27 0.11 9 5.25 

Wanibo N 08°50'12.81" E 36°28'44.95" 2536 2.9 0.09 5 4.86 

Getema N 08°51'37.60" E 36°28'32.19" 2405 2.09 0.18 11.4 5.15 

Dabe N 08°55'42.15" E 36°31'47.26" 1875 1.86 0.11 4.2 4.73 

Tume  N 08°49'38.03" E 36°28'7.73" 2538 1.74 0.15 8 4.95 

Jimma-Arjo 

Wayu abono N 08°45'12.94" E 36°31'23.60" 2264 1.74 0.15 5.4 4.95 

Gebrel sefer N 08°46'23.40" E 36°30'9.01" 2323 1.86 0.16 4 4.89 

Odoro N 08°44'58.45" E 36°30'59.41" 2496 1.47 0.11 7 5.10 

Odoro N 08°45'7.22" E 36°30'31.48" 2498 1.4 0.09 4 4.80 

Odoro N 08°44'24.78" E 36°30'12.29" 2443 1.36 0.11 6 4.91 

Geneti  N 08°44'29.66" E 36°30'44.28" 2455 1.74 0.09 3.5 4.97 

OC-Organic carbon, TN- Total Nitrogen, AP- Available Phosphorus 
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2.3.2. Cultural and growth characterization of isolates 

 

A total of 32 field pea rhizobia were isolated from acidic soils (pH 4.79 to 5.36) of Jimma Rare 

(5), Horro (5), and Guduru (5) of Horro Guduru Wollega and Wayutuqa (5), Leqa-dullecha (6), 

and Jimma Arjo (6) of East Wollega zones (Table 2.1). All isolates were gram negative and rod 

shaped bacteria, unable to absorb Congo red from YMA + CR (Congo red) medium, and none of 

them grew on Hoffer's alkaline broth (HAB) (Vincent, 1970) and Peptone glucose agar (PGA) 

medium which are presumptive characteristic features of root nodule bacteria (Subba Rao, 1999) 

and were authenticated as root nodule on sand culture. 

 

On the basis of colony characteristics, all isolates formed colony with circular shape; where most 

of them appeared as large mucoid colonies (50.4%) on YEMA medium with opaque, gummy and 

buttery texture and others (40.6%) displayed large watery (LW) colony texture with   transparent 

texture and production of copious amount of exo-polysaccharides and a few isolates showed 

Small dry (SD) colonies (9%) with flat surface with little or no mucoid production upon 5-7 days 

of incubation.  

 

Aregu et al. (2012) reported similar pattern of colony distribution of field pea rhizobia that 69% 

of the isolates exhibited large mucoid colony texture with opaque, gummy and buttery 

characteristics and 21% isolates attained large watery and small dry colony texture. However, 

Girmaye et al.(2014) reported rhizobia isolated from acidic soils of East Wollega and West 

Wollega 100% displayed large mucoid, colony diameters ranged from 2-5mm. 

 

All isolates changed the color of BTB-YEMA to yellow due to production of acid; and displayed 

generation time of 1.8-4.5 hrs, and colony size of 2.8-6mm upon  3-5 days of growth indicating 

that they were acid producing and fast growing bacteria (Jordan, 1984). The results on colony 

shape, size, color, texture and acid production in the growth medium were typical of the 

characteristics of fast-growing rhizobia and similar to field pea rhizobia isolated from Southern 

Tigray (Fano, 2010), Eastern and Western Hararghe (Kassa et al., 2015). 
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Table 2.2. Growth and cultural characteristics of rhizobial isolates grown on YEMA and Basal 

Sperber agar medium incubated at 30
o
C for 5-7 days 

 

Isolates Texture Colony size 

(mm) 

GT/h (PSI) 

RHU14 LM 3 2.4 0 

RHU10 LW 3 1.8 o 

RHU27 LW 3 2.5 1.3 

RHU34 LM 4 3.1 0 

RHU1 LW 3.6 4.0 0 

RHU22 LM 4 1.8 1.25 

RHU23 LW  3.2 2.9 0 

RHU25 SD   2.8 2.1 1.3 

RHU28 LW   3 3.4 0 

RHU35 LM  6 2.0 1.3 

RHU8 LW  3.7 3.8 0 

RHU13 LW  3.5 3.3 1.3 

RHU18 LM  5 1.9 1.8 

RHU30 LW  3.9 3.4 0 

RHU32 LW 3.8 3.8 0 

RHU17 LM  4 2.8 1.1 

RHU11 LM  3.8 2.6 0 

RHU2 LM 3.6 3.4 0 

RHU26 SD   2.9 4.1 1.25 

RHU4 LM  3 2.9 0 

RHU3 LM 5.5 1.8 1.7 

RHU9 LM 3 3.1 1.3 

RHU15 LW 4 2.3 0 

RHU6 LW  3.4 2.0 0 

RHU29 LM   4.3 2.1 1.25 

RHU7 LM  4.4 2.6 0 

RHU12 LW 4 2.9 0 

RHU19 LM   3.5 3.9 2 

RHU21 LM  4 2.3 0 

RHU24 LM   3 4.5 1.3 

RHU33 LW  4 3.9 0 

RHU31 SD 2.8 4.1 0 

GT/h (Growth Time per hour), PSI (Phosphate Solublity Index, LM (Large Mucoid), LW (Large 

Watery), SD (Small Dry ) 
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The fact that they were collected from field pea and they can be categorized under the cross-

inoculating endosymbiont, Rhizobium leguminosarum Viciae nodulating field pea, lentil, faba 

bean, and grass pea. 

 

2.3.3. Eco-physiological characteristics 

 

2.3.3.1. pH tolerance of isolates 

 

The isolates showed wide differences in their pH tolerance (Table 2.3). All isolates grew on 

media adjusted at pH of 6.8and 8.0. However, 65% of the rhizobial isolates were acid tolerant 

(pH 4.5) whereas a number of isolates (34.3%) were capable of growing only between pH range 

of 8.0 and 9.0. However, fewer isolates (46.8%) were tolerant to a wide range of acidic pH 4.5 

and alkaline pH 9.0, and none of the isolates able to grown at lower than pH 4.0 (Table 2.3). The 

current result shows that Rhizobium leguminosarum Viciae was tolerant to alkaline growth as 

compared to acidic growth. Similar results were reported by Zerihun and Fassil (2011) for Viciae 

faba rhizobia. Jordan (1984) showed that the majority of these bacteria can tolerate up to pH 9.0.  

 

The isolates that tolerant to such strong acidic medium (pH4.5) might be developed adaptation 

mechanism to withstand soil acidic condition (pH 4.73-5.36) from which they were isolated. 

Similar results reported by Graham et al. (1994) reported that some rhizobia strain has ability to 

thrive at pH < 5.  Researchers suggested that rhizobia could develop mechanisms such as proton 

exclusion (Cullimore et al., 2006) increased cytoplasm buffering and acid-shock response 

(Krulwich et al., 1985) to adapted acidic environment. The tolerance of rhizobial isolates to low 

pH might be associated with the change in lipopolysaccharide composition (Vriezen et al., 

2007), and the presence of several genes such as ActA, actP, actS, actR, phrR and exoR (Abd-

alla et al., 2014). 
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2.3.3.2. Salt tolerance of isolates 

 

The isolates showed variations in tolerance to different concentrations of salt (Table 2.3). The 

majority of the isolates were able to grow well onto 1 and 2% of NaCl on YEMA plates and the 

number of isolates growing decreased as the concentration of salt increased in medium whereas 

71.8 of isolates were well grown on to 1-3 of salt concentration. However, fewer isolates (47%) 

were able to grow at salt concentration of 4%. Decreasing tolerances of the isolate to increasing 

sodium chloride concentration might be associated with low pH tolerant from which the isolate 

collected. In present study, the isolates which showed tolerant to 47% of salt concentration, they 

could be survived at high alkaline environments. However elasticity of salt tolerance in this 

study was lower than the wide range of tolerance of 1-7% recorded from field pea isolates 

collected from Southern Tigray (Fano, 2010), and that of 0.5-6% of  NaCl tolerance recorded 

from field pea rhizobia collected from different pulse growing regions of Ethiopia (Aregu et al., 

2012). This difference might be associated with the different environment in which the isolates 

are isolated. 

 

With regard to salt tolerance from the same cross inoculating rhizobia of faba bean, different 

studies showed similar pattern of high salt tolerance of rhizobia from Wollega (4-6%) (Girmaye 

et al.2014) and Northern Tigray (4-7%) (Solomon and Fassil, 2014). However, the pattern of salt 

tolerance in this study was similar to the one reported faba bean rhizobia for northern parts of 

Ethiopia (Mulisa and Fassil, 2012), and much broader than the salt tolerance recorded from 

rhizobia collected from North Gondar (1-2%) (Zerihun and Fassil, 2011).  

 

All taken together, salt tolerance is associated with the host and site of isolation (soil pH) and 

type of medium used for screening (Fitouri et al., 2012).The high salt tolerance of some rhizobial 

strains could be associated with their ability to limit adverse effects as a result of accumulation of 

protective organic osmolytes and to changes in the cell morphology in order to maintain the cell 

turgor (Thami-Alami et al., 2010). 
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2.3.3.3. Temperature tolerance of isolates 

 

All rhizobial isolates (100%) grew between 15 and 30°C, while some isolates were tolerant to 

40°C (78%) and 45°C (47%)(Table 2.3). On the other hand, none of them were able to grow at 

50°C. Although, the optimum temperature for the growth of rhizobial isolates is 28±2
0
C 

(Vincent, 1971), isolates RHU10, RHU9, RHU15, RHU6, and RHU31 were able to grow under a 

wide range of temperature (between 10 and 45 °C). Kassa et al. (2015) reported that pea 

rhizobial isolates were tolerant to temperature that ranges from 15-40°C. Similarly, Girmaye et 

al. (2014) and Solomon and Fassil (2014) reported the same pattern of temperature tolerance by 

faba bean rhizobial isolates within the range of 5-45°C and 10-45°C, respectively indicating a 

similar pattern between field pea rhizobia and faba bean rhizobia opposed to their diversity in 

salt tolerance by the two endo-symbionts. 

 

2.3.3.4. Utilization of C and N source 

 

The data on C and N utilization properties showed that isolates were capable of utilizing 67 to 

100% of the tested carbohydrates and 86-100% of the amino acid substrates (Table 2.3). Almost 

all isolates utilized glucose, maltose and fructose, lactose, sucrose, and galactose. Fewer isolates 

utilized starch (63%) and cellobiose (69%) as carbon sources. 

 

On the other hand, some isolates were wider in utilization of different carbon source as compared 

to the others. RHU25, RHU35, RHU18, RHU3, RHU9, RHU22 and RHU29 off the total carbon 

sources tested in this experiment (Table 2.3) that shows the better chance of the isolate to survive 

in the rhizosphere because metabolic diversity is presumed as survival strategy of organisms. 

Aregu et al. (2012) showed that the field pea rhizobia were capable of utilizing 76 -100% of 

carbon sources, and the ones collected from Southern Tigray were capable of utilizing 87% of 

the 13 carbon sources (Fano, 2010). Sadowsky et al. (1983) earlier showed that fast-growing 

rhizobia in general, were able to grow on a large variety of carbon substrates. Therefore, this 

implies that better chance for isolate to survive in the rhizosphere because metabolic diversity is 

presumed as survival strategy of organisms.  
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Table 2.3. Patterns of pH, NaCl, Temperature tolerance, IAR and heavy metal resistance and 

utilization of carbon and nitrogen sources of field pea rhizobia grown on YEMA medium at 30
o
C 

for 5-7 days.   

Isolates   Local area  pH NaCl % Temp.
o
c 

CSU% AASU % IAR

% 

HMR

% 

RHU14 Sochosa 4.5-8.0 1,2,3 15-40 91  85.7 71 62.5 

RHU10 Ilamu 4.5-9.0 1,2,3 10-45 91  85.7 86 75 

RHU27 Goban  4.5-8.0 1,2,3,4 15-45 91  85.7 71 87.5 

RHU34 Sochosa 8.0-9.0 1,2 15-40 83  85.7 78 50 

RHU1 Gamada  4.5-8.0 1,2 10-40 91 85.7 71 50 

RHU22 Bantu 4.5-9.0 1,2,3,4 10-40 83  100 86 87 

RHU23 Gabate  4.5-9.0 1,2 10-15 66.6  85.7 71 62.5 

RHU25 Gabate   4.5-9.0 1,2,3,4 10-15 100  100 78 62.5 

RHU28 Loha  4.5-9.0 1 15-40 83  85.7 78 62.5 

RHU35 Didibe 4.5-9.0 1,2,3,4 10-40 100  100 93 87.5 

RHU8 Cabir 4.5-8.0 1,2,3 15-40 91  85.7 71 62.5 

RHU13 Akaji 4.5-8.0 1,2,3,4 15-45 91  100 78 75 

RHU18 Kombolch 4.5-9.0 1,2,3,4 10-40 100  100 93 75 

RHU30 Rifenti 8.0-9.0 1,2,3 10-15 91  100 71 62.5 

RHU32 Akaji 8.0-9.0 1 10-40 91  85.7 78 50 

RHU17 komto 8.0-9.0 1,2 15-40 83.  85.7 71 75 

RHU11 Lije safer 4.5-9.0 1,2,3,4 10-45 66.6  100 71 75 

RHU2 Dalo 4.5-8.0 1,2,3 15-40 83 100 78 75 

RHU26 Dachasardo 8.0-9.0 1,2,3 15-40 91  85.7 78 75 

RHU4 Dachasardo 8.0-9.0 1,2,3 10-15 83  85.7 86 50 

RHU3 Wanibo  4.5-9.0 1,2 10-45 100  100 93 75 

RHU9 Gudina jilo 8.0-9.0 1,2,3,4 10-45 100  85.7 78 75 

RHU15 Wanibo 8.0-9.0 1,2,3 10-45 91  100 86 62.5 

RHU6 Getema 8.0-9.0 1,2,3,4 10-45 91 100 71 62.5 

RHU29 Dabe 4.5-9.0 1,2,3,4 10-15 100  100 93 87.5 

RHU7 Tume  8.0-9.0 1,2,3 10-15 83  100 78 75 

RHU12 Wayuabono 4.5-9.0 1,2,3,4 10-40 91 85.7 78 62.5 

RHU19 Gebrelsefer 4.5-9.0 1,2 10-15 75  100 78 50 

RHU21 Odoro 4.5-9.0 1,2,3,4 10-40 91  100 78 87.5 

RHU24 Odoro 4.5-9.0 1,2 15-40 91  100 78 75 

RHU33 Odoro  4.5-9.0 1,2,3,4 10-40 75  85.7 86 62.5 

RHU31 Geneti 8.0-9.0 1,2,3,4 10-45 91  85.7 71 62.5 

CSU- Carbon source utilization, AASU- amino acid source utilization, IAR-Intrinsic Antibiotic 

Resistance, HMR-Heavy Metal Resistance 
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All isolates were able to metabolize L- alanine, L-glycine and L-asparagines, and L-Leucine and 

fewer isolates utilized L-Diphenyalanine (Table 2.3). In general, the isolates utilized 86-100 % of 

the tested nitrogen sources indicating that field pea rhizobia were more versatile in utilizing N-

resources than the carbon sources. Thus, isolates; RHU23, RHU35, RHU13, RHU18, RHU11 

and RHU24 were able to utilize all the N sources. In general, this indicate that the isolates are 

potentially competent for carbon and nitrogen sources utilization over the other saprophytic 

organisms in the soil and the can be effectively grow, reproduce and fix atmospheric nitrogen 

using legumes 

 

The versatility of the isolates to utilize amino acids (86-100%) was more pronounced than the 

faba bean rhizobia isolates where only of the isolates 40-48% were capable utilizing all the 

amino acids (Girmaye et al.,2014; Dereje et al. 2015). The difference might be the type of strains 

that are genetically endowed with the capacity to utilize a wide variety of amino acids and the 

type of amino acids used for the test. 

 

2.3.3.5. Tests for intrinsic antibiotic and heavy metal resistance 

 

Most of the isolates were tolerant to high concentration (10 μgml) of ampicillin, 

chloromphenicol, amoxicillin, penicillin and spectinomycin. However, fewer isolates were 

resistant to kanamycin (54%) and streptomycin (47%) (Table 2.3).The most resistant isolates to 

different antibiotics were RHU10, RHU22, RHU35, RHU18, RHU4, RHU3 and RHU33.   

Different studies showed that field pea rhizobia were sensitive to kanamycin (Fano, 2010; Aregu 

et al. (2012). From this result, intrinsic resistance to antibiotics is a desirable trait for the 

rhizobial population. This indicates that it increases the rhizobia's chances of growth, 

multiplication and persistence in the soil (Naamala et al., 2016). The isolates resistant to 

antibiotics are important in rhizosphere competition for nodule occupancy (Florentino et al., 

2010). 
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In general, rhizobia that belongs to group of the cross-inoculation from faba bean and field pea 

showed similar pattern of resistance to chloramphenicol, ampicillin, and sensitivity to 

streptomycin and kanamycin (Zerihun and Fassil, 2011; Solomon and Fassil, 2012; Girmaye et 

al., 2014). This resistance of isolate to intrinsic antibiotic could be due to bacterial permeability 

to antibiotics through hydrophobicity, electrical charge and amount of the antibiotic (Hungaria et 

al., 2000). Purcino et al. (2000) reported that survival, persistence and competitiveness of the 

rhizobia strains are the major factors determining their successful use as inoculants.  

 

The study also showed that the isolates were resistant to heavy metal at lower concentrations. 

However, only half of the isolates were resistant to high concentration of MnCl2 (500 μg ml
1
), 

HgCl3 (10 μg ml
-1

), ZnCl2 (100 μg ml
-1

) and CuCl3 (100 μg ml
-1

). Isolates RHU27, RHU22, 

RHU35, RHU21 and RHU29 were relatively tolerant to the tested heavy metals (Table 2.3). 

Kassa et al. (2014) showed that all tested isolates exhibited high resistance to ZnCl, MnCl and 

HgCl at concentrations of 50, 250 and 5 μg ml, respectively and even higher concentrations of   

CuCl (50 and 100 μg/ml), ZnCl 100 μg/ml) and MnCl (500 μg/ml). Aregu et al. (2012) also 

showed that field pea rhizobia were resistant to manganese, but sensitive to copper chloride, zinc 

chloride and mercuric chloride. This indicated that the inoculant could survive and persist where 

high amount of manganese chloride in soils. However, it couldn’t survive where high 

concentration of copper chloride, zinc chloride and mercuric chloride in the soils. Therefore, 

isolates that are tolerant to the toxicities may be persistent in acidic soils that are characterized by 

high concentration of the metals. 

 

2.3.4. Authentication and evaluation of symbiotic effectiveness 

 

ANOVA showed statistically significant difference (P < 0.01) among the characteristics of 

investigated shoot length, number of nodules per plant, nodule dry mass, shoots dry weight and 

plant total nitrogen (Appendix Table 2.1). The inoculated plants significantly (P < 0.01) 

increased shoot length, number of nodules per plant, nodule dry mass, shoot dry mass and plant 

total nitrogen as compared to the negative control treatment (Table 2.4).  
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 Table 2.4. Authentication and symbiotic effectiveness of rhizobial isolates on the host pea plant 

(Variety Burkitu) after 45 days of growth under greenhouse conditions on sand culture 

 

Isolates  SL (cm/p) NN/p NDW (mg/p) SDW 

(gm/p) 

%PN %SE Rate 

RHU14 146.33
bf

 51.66
hj

 78.3
hi

 1.47
hm

 2.21
fj
 58.8 E 

RHU10 130
fi
 50.66

hj
 82

gh
 1.72

gi
 2.31

ei
 68.8 E 

RHU27 126.66
hi

 49.33
ij
 84.66

gh
 1.66

g-j
 2.32

ei
 65.2 E 

RHU34 155
ac

 48.66
ij
 102.33

f
 1.88

e-g
 2.41

eg
 75.2 E 

RHU1 152.66
ad

 30
m

 9.6
pq

 0.77
q
 1.15l 30.8 IE 

RHU22 140
c-h

 83.66
b
 135.33

a
 2.68

a
 3.16

ab
 107 HE 

RHU23 131.66
fi
 68

df
 114.333

ce
 2.06

df
 2.39

eh
 82.6 HE 

RHU25 133.33
ei
 73.3

cf
 108.333

df
 2.28

bc
 2.80

bd
 91.5 HE 

RHU28 128.33
gi

 33.66
lm

 64.66
jk

 1.32
kn

 2.26
fi
 52.8 E 

RHU35 159.66
ab

 102
a
 129.667

ab
 2.58

ab
 3.30

a
 103 HE 

RHU8 116.66
i
 39

kl
 49

l
 1.2

1o
 1.85

k
 50 E 

RHU13 159.66
ab

 58.3
gh

 69.667
ij
 1.58

gk
 2.33

ei
 63.2 E 

RHU18 130
fi
 101.33

a
 123

bc
 2.61

ab
 3.16

ab
 104 HE 

RHU30 146.66
bf

 43
jk

 58
kl

 1.53
hl

 2.23
fj
 61.2 E 

RHU32 146.66
bf

 37.6
k-m

 80
h
 1.77

fh
 2.36

ei
 71 E 

RHU17 136.66
dh

 51.33
h-j

 66.333
jk

 1.37
jn

 2.36
ei
 54.8 E 

RHU11 130
fi
 58.33

gh
 80.333

h
 1.41

in
 2.23

fj
 56.6 E 

RHU26 133.33 
ei
 51.33

hg
 91.333

g
 1.7

gj
 2.24

fj
 68 E 

RHU3 166
a
 76.66

b-d
 116.333

cd
 2.56

ab
 3.17

a
 102.4 HE 

RHU9 136.66
dh

 67.66
ef

 35
m

 1.74
fi
 2.45

ef
 69.7 E 

RHU15 150
ae

 55.66
hi

 28
mn

 1.67
gj

 2.30
fi
 66.9 E 

RHU6 151.66
ad

 30.66
lm

 19.33
no

 1.17
mo

 2.07
gk

 50 E 

RHU29 136.66
dh

 82
bc

 107.667
d-f

 2.53
ab

 3.17
a
 101.2 HE 

RHU7 146.66
bf

 48
ij
 20

no
 1.50

hm
 1.90

jk
 60.2 E 

RHU12 150
ae

 51
hj

 14.33
op

 1.19
lo

 2.03
hk

 47.8 E 

RHU19 145
bg

 76.33
be

 105.667
ef

 2.17
ce

 2.62
ce

 85.7 HE 

RHU21 128.33
gi

 69.66
df

 121.667
bc

 2.33
bc

 2.53
df

 93.3 HE 

RHU24 131.66
fi
 70.3

d-f
 110.667

df
 2.14

de
 2.39

eh
 85.7 HE 

RHU31 158.33
ab

 66.6
fg

 87.333
gh

 1.68 
gj

 2.40
eg

 67.2 E 

Positive 164.33
a
 - - 2.50 

ac
 2.97

ac
 -  

Negative 139.66
ch

 - - 0.78
q
 1.01l -  

Mean  142.17 55.6 73.9 1.79 2.39   

CV 7.46 9.9 8.41 12.1 9.5   

LSD 17.53 9.07 10.1 0.36 0.35   
SDW –Shoot Dry Weight, SL- Shoot Length, NDW (mg/p)-Nodule Dry Weight in milligram per plant, 

NN/p-Nodule Number per plant, PN- Plant Nitrogen, SE-Symbiotic Effectiveness, HE – Highly effective, 

E-Effective, LE-Less effective, I-Ineffective, Means followed with the same letters in a column are not 

significantly different at P<0.05 level. CV- Coefficient of variation, LSD – least significant difference  
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Inoculation has significantly increased the shoot length ranging from116.6cm/plant to 

158.3cm/plant, (Table 2.4). The highest shoot height 166cm/plant was recorded from plant 

inoculated with isolate RHU3.The mean nodule number was in the range of 30/plant (RHU6) to 

102/plant (RHU35). This variation might be associated with plant hormone ethylene which is 

produced by plant during stress resulting in inhibition of nodulation. Gresshoff et al. (2009) 

reported that many nitrogenous compounds are strong inhibitors of nodule formation. The other 

important factor determines the nodule number is reported to be the number of lateral roots 

(Miransari et al., 2006). Caetano-Anolles et al. (1991) also reported that the formation of both 

lateral roots and nodules was controlled by the auto-regulation mechanism. 

 

The same pattern of field pea nodulation between 25-93 nodules per plant was recorded from 

southern Tigray (Fano, 2010) and 29 to 108 nodules/plant was recorded from pea rhizobia from 

northern and central parts of Ethiopia (Aregu et al.2012).  However, Kassa et al. (2015) reported 

that field pea plants were abundantly nodulated to the tune of 84-246 nodules/plant from Eastern 

and Western Hararghe. Relatively similar of nodule number 56 to 169 nodules per plant was also 

recorded from faba bean rhizobia of acidic soils of Ethiopia (Dereje et al., 2015).  

 

Field pea plants were also different in nodule dry weights, with the highest mean nodule dry 

weight recorded from plants inoculated with isolate RHU22 with 135.3mg/plant nodule dry 

weight followed by inoculated plants with isolates RHU35 and RHU18 with nodule dry weight 

of 129.7 mg/plant and 123 mg/plant, respectively (Table 2.4). This shows that there is a huge 

difference between the isolates in terms of nodule dry weight than nodule number. In this study, 

the mean nodule dry weight recorded was 68.24mg/plant. This variation could be associated with 

the nodule number and sizes. A few large size nodules can increase nodule dry weight over small 

size ones (Lin et al., 2012).This result was slightly higher than that 30-90mg/plant recorded from 

field pea from Southern Tigray (Fano, 2010). 

 

Almost all of the tested isolates showed higher shoot dry matter accumulation compared to 

negative control. The mean shoot dry weight of the inoculated plants showed variations among 

the treatments. The highest shoot dry matter of 2.68 gm/plant was recorded from the plant 

inoculated with isolate RHU22 (Guduru) followed by plant treated with isolates RHU35 
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(Guduru), RHU18 (Horro), RHU3 (Leqa-dullecha) and RHU29 (Leqa-dullecha) that 

accumulated 2.61g/plant, 2.58g/plant, 2.56gm/plant and 2.53g/plant, respectively. These values 

were comparable to the shoot dry weight of N-fertilized positive control plant (2.50 g/plant). 

This implies that the isolates can be good as the N-fertilized plant if they used as inoculant at low 

input of N and soil acidity problem from which area they isolated. The lowest shoot dry weight 

of 0.77g/plant was recorded from the host plant inoculated with isolate RHU1 (Jimma Rare) 

which was similar to the shoot dry weight of negative control plants (0.78 g/plant) (Table 

2.4).This implies that different rhizobial isolates vary in their ability to improve shoot dry weight 

when inoculated with field pea. The result was similar to the shoot dry matter of 0.68 g/plant and 

3.35 g/plant recorded from inoculation field pea rhizobia from northern and central parts of 

Ethiopia (Aregu et al., 2012). 

 

Based on the relative plant shoot dry matter accumulation of inoculated plants and nitrogen-

fertilized control, the rate of effectiveness of the isolates were rated as 94.4% of the isolates 

performed as good as the N-fertilized plant from which 34.4% and62% of the isolates were 

highly effective and effective, respectively. Some of the highly effective isolates were RHU22, 

RHU18, RHU35, RHU3, and RHU29.The symbiotic efficiencies of isolates were also compared 

among the sampling sites (districts) where 60-83% of the isolates were highly effective and 

effective at the different sampling sites indicating that sampling sites harbour diverse and 

effective isolates that may not require inoculation under the circumstances. 

 

Similar patterns of effectiveness of 67% was also recorded from pea rhizobia from southern 

Tigray (Fano, 2010), similar pattern of effectiveness of 90% from western Hararghe (Kassa et 

al., 2015) and 76% was recorded from pea rhizobia from northern and central parts of Ethiopia 

(Aregu et al., 2012). Ballard et al. (2004) also reported 61-98% effectiveness of inoculated field 

pea plant compared to the control plant on south Australian. 

 

The plant tissue nitrogen (PN) content of the inoculated plant was within the range of 1.2% 

inoculated by isolate RHU1 (Jimma-Rare) to the highest value of 3.3% inoculated by isolates  
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Table 2.5.Symbiotic effectiveness pattern of field pea rhizobia in relation to their heterotrophic 

versatility (carbon and nitrogen sources) and ecological competitiveness (T
o
, C, pH, NaCl 

tolerance, intrinsic antibiotic resistance (IAR) and intrinsic heavy metal resistance (IHMR)   

Isolates   Local area  pH NaCl 

% 

Temp
o
c 

CSU

% 

AAS

U% 

IAR

% 

IHM

R% 

SE 

Jimma 

Rare 

RHU14 Sochosa 4.5-8.0 1,2,3 15-40 91  85.7 71 62.5 E 

RHU10 Ilamu 4.5-9.0 1,2,3 10-45 91  85.7 86 75 E 

RHU27 Goban  4.5-8.0 1,2,3,4 15-45 91  85.7 71 87.5 E 

RHU34 Sochosa 8.0-9.0 1,2 15-40 83  85.7 78 50 E 

RHU1 Gamada  4.5-9.0 1,2 10-40 91 85.7 71 50 IE 

Guduru  RHU22 Bantu 4.5-9.0 12.3,4 10-40 83  100 86 87 HE 

RHU23 Gabate  4.5-9.0 1,2 10-15 66.6  85.7 71 62.5 HE 

RHU25 Gabate   4.5-9.0 1,2,3,4 10-15 100  100 78 62.5 HE 

RHU28 Loha  4.5-9.0 1 15-40 83  85.7 78 62.5 E 

RHU35 Didibe 4.5-9.0 1,2,3,4 10-40 100  100 93 87.5 HE 

Horro  RHU8 Cabir 4.5-8.0 1,2,3 15-40 91  85.7 71 62.5 E 

RHU13 Akaji 4.5-8.0 1,2,3,4 15-45 91  100 78 75 E 

RHU18 Kombolcha 4.5-9.0 1,2,3,4 10-40 100  100 93 75 HE 

RHU30 Rifenti 8.0-9.0 1,2,3 10-15 91  100 71 62.5 E 

RHU32 Akaji 8.0-9.0 1 10-40 91  85.7 78 50 E 

Wayu 

Tuqa  

RHU17 komto 8.0-9.0 1,2 15-40 83.  85.7 71 75 E 

RHU11 Lije  4.5-9.0 1,2,3,4 10-45 66.6  100 71 75 E 

RHU26 Dachasa 8.0-9.0 1,2,3 15-40 91  85.7 78 75 E 

Leqa 

Dullecha 

RHU3 Wanibo  4.5-9.0 1,2 10-45 100  100 93 75 HE 

RHU9 Gudina 8.0-9.0 1,2,3,4 10-45 100  85.7 78 75 E 

RHU15 Wanibbo 8.0-9.0 1,2,3 10-45 91  100 86 62.5 E 

RHU6 Getema 8.0-9.0 1,2,3,4 10-45 91 100 71 62.5 E 

RHU29 Dabe 4.5-9.0 1,2,3,4 10-15 100  100 93 87.5 HE 

RHU7 Tume  8.0-9.0 1,2,3 10-15 83  100 78 75 E 

Jimma 

Arjo  

RHU12 Wayuabo  4.5-9.0 1,2,4 10-40 91 85.7 78 62.5 E 

RHU19 Gebreal  4.5-9.0 1,2 10-15 75  100 78 50 HE 

RHU21 Odoro 4.5-9.0 1,2,3,4 10-40 91  100 78 87.5 HE 

RHU24 Odoro 4.5-9.0 1,2 15-40 91  100 78 75 HE 

RHU31 Genenti 8.0-9.0 1,2,3,4 10-45 91  85.7 71 62.5 HE 

 

CSU- Carbon sources utilization, AASU- amino acid sources utilization, IAR- intrinsic antibiotic 

resistance, IHM- intrinsic heavy metal resistance  
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RHU35 (Guduru). Aregu et al. (2012) reported that the plant tissue nitrogen content of 

inoculated field pea plant was between1.52% and 2.91% from pea rhizobia of Northern and 

Central parts of Ethiopia. 

 

In this study, shoot dry weight was strongly and positively correlated (r = 0.66 and r = 0.72 p < 

0.001) with nodule number and nodule dry weight. However no significant relationship was 

observed with plant height (r = 0.11 p < 0.26). This implies that inoculation might impact on 

shoot biomasses than shoot length of field pea. The percentage of plant total nitrogen was 

strongly and positively correlated (r = 0.68, r = 0.69 p< 0.0001 and r = 0.87 p < 0.0001) with 

nodule number, nodule dry weight and shoot dry weight, respectively (Table 2.6). Similarly, 

Fano (2010) reported strong coefficient of correlation (r = 0.6) amongst nodule number, nodule 

dry weight and shoot dry weight. Similar relationship (r = 0.73 and 0.81; P < 0.001) was reported 

with shoot dry weight and percent N of faba bean respectively (Abere et al., 2009). Reports 

showed that shoot dry weight and nodule dry weight are usually highly correlated, thus shoot dry 

weight is used routinely as an indicator of relative effectiveness (Somasagaran and Hoben, 

1984). The strong association between N content and shoot dry weight substantiate the use of N 

content to measure symbiotic N fixation under field as well as in greenhouse conditions (Atici et 

al., 2005). Reports showed that shoot dry weight and nodule dry weight are usually highly 

correlated, thus shoot dry weight is used routinely as an indicator of relative effectiveness 

(Somasagaran and Hoben, 1984). 

 

Although most of the rhizobial isolates (92.6%) from the different sampling sites were effective 

and very effective in nitrogen fixation of field pea, all of them may not be competitive if they are 

inoculated in the soil under different environmental stresses. The data showed isolates which 

displayed good performance (Highly effective and effective) in symbiotic relation showed 

diverse phenotypic characters in vitro (Table 2.5). Accordingly, 34 % (RHU22, RHU25, RHU35, 

RHU13, RHU18, RHU11, RHU3, RHU29, RHU21, RHU27 and RHU24) of the isolates were 

tolerant to many eco- physiological factors (Table 2.5). The remaining isolates (66%) did not 

show persistent pattern even though they showed good symbiotic performance. 
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This indicates that fewer isolates were versatile in assimilating different carbon sources and 

heterotrophically and ecologically competent that would ensure their survival in the soil. Purcino 

et al. (2000) reported that survival, persistence and competitiveness of rhizobial strains are the 

major factors to determine their successful use as inoculants. To this end, diversity in tolerance 

to salt, pH and temperature show the possibility of screening best performing strains as 

inoculants from the soil where they are naturally selected (O’Hara et al., 2002). 

 

Table 2.6. Pearson correlations matrix of effect of inoculation of rhizobium on shoot length, 

nodule number (NN), nodule dry weight (NDW), shoot dry weight (SDW) and percent of plant 

tissue nitrogen (% PTN). 

 

  SL  NN NDW SDW PTN 

SL 

     NN -0.09 

    NDW -0.15 0.79** 

   SDW 0.082 0.66* 0.72* 

  PTN 0.11 0.68 0.69 0.87** 

 Significant*, highly significant ** 
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2.4. CONCLUSION 

 

The study showed that field pea rhizobia are abundant in soil of East Wollega and Horro Guduru 

Wollega Ethiopia. All the 32 isolates exhibited typical colony characteristics of fast growing 

rhizobia. The majority of the isolates, 50% and 40.6% displayed large mucoid and watery colony 

texture respectively. They showed significant variations in their symbiotic effectiveness in 

nitrogen fixation and enhancing growth of the pea cultivar Burkitu compared to the uninoculated 

and non-fertilized control plants. The data also showed that 94.4% of the isolates performed best 

in symbiotic nitrogen fixation from which 36.4% were highly effective and 62% were effective.  

Although the study was very limited to a number of isolates and one host variety (Burkitu), it 

gave an insight that most of the soils in the major field pea-growing areas in the sampling sites 

harboured symbiotically effective and very effective rhizobia that nodulate field pea. Thus, the 

best performing isolates RHU22, RHU18, RHU35, RHU3 and RHU29, and the effective isolates 

RHU10 andRHU13 were nutritionally versatile and ecologically competitive and deserve for 

recommendation for further test on several pea varieties under field trials to validate their ability 

to enhance biological nitrogen fixation, growth and production of field pea. In general, if the 

selection of rhizobial isolates from pea could be properly followed with the appropriate genetic 

and environmental studies, more isolates can be screened for integrated soil fertility management 

in the low-input agriculture in the area and the country at large. 
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ABSTRACT 

 

Phosphorus (P) is an essential plant nutrient whose deficiency severely restricts plant growth 

and yields. Partly the problem of fixed P can be solved by phosphate solubilizing bacteria. The 

present study was carried out to characterize and evaluate the phosphate solublizing and other 

plant growth promoting properties of rhizobacteria isolated from field pea (Pisum sativum) 

collected in East Wollega and Horro Guduru Wollega in Ethiopia. Twenty three plant growth 

promoting rhizobacteria were isolated using Pikovskaya method, of these, eleven of the isolates 

that were positive for phosphate solubilizing were identified as belonging to six genera. 

Pseudomonas spp. and Bacillus spp. were the dominant bacterial species among the isolates.  In 

addition, eleven isolates were further tested and evaluated on Pikovskaya medium containing 

Ca3(PO4)2, AlPO4 and FePO4sources. Isolate PsHU2 and PsHU6 showed the highest phosphate 

solubilization efficiency with 233% in TCP, and 75%and 50% in FePO4, respectively, whereas as 

PsHU5 with phosphate solubilization efficiency of 133% in AlPO4 in solid media. The isolates 

showed   significant difference in their soluble P and the pH changes in the supernatant of all 

liquid medium containing Ca3(PO4)2, AlPO4 and FePO4 over the entire incubation period. 

Among all, PsHU6 and PsHU2 were the most efficient isolates in their overall performance on 

the different inorganic phosphate sources, followed by PsHU9 and PsHU11 whereas isolates 

PsHU8 and PsHU1 were the least performers irrespective of the inorganic phosphate sources. In 

similar trend, almost all isolates released high, moderate and low P in medium containing TCP, 

AlPO4 and FePO4 in liquid media over the entire incubation period, respectively. Generally, 

based on in vitro test, the isolate PsHU2, PsHU6 and PsHU4 resulted in the highest P-

solubilization in both alkaline and acidic medium and showed multiple plant growth promoting 

properties. These isolates could be potential inoculant candidates if evaluation of their efficiency 

is undertaken under green house and field condition.  

 

Keywords:  phosphorus, plant growth promoting rhizobacteria, P-solublization efficiency 
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3.1. INTRODUCTION 

 

Phosphorus (P) is the second most limiting element to plant growth next to nitrogen (Tekalign 

and Haque 1987). It is recognized that the availability of phosphate in soils is a major factor 

limiting the productivity of many ecosystems (Daniels et al., 2009). Phosphorus stimulates root 

development, stalks and stems strength (Theodorou and Plaxton, 2000) facilitates flower 

formation and quality and quantity of fruits and seed formation, and enhances crop maturity, 

production, N-fixation in legumes, and resistance to plant diseases (Khan et al., 2009). 

 

However, most of the soils around the world, particularly in the tropics are deficient in P due to 

sorption-desorption and immobilization-mineralization processes (Khan et al. 2009). As a result 

large amount of P applied as fertilizer to the soils enters into the immobile pools through 

precipitation reaction with highly reactive Al
3+

, Fe
3+

 and Ca
2+,

 and converted into insoluble 

forms of AlPO4, FePO4  in acidic, and Ca3 (PO4)2  in calcareous or neutral soils (Gyaneshwar et 

al., 2002; Shigaki et al., 2006). This leads to poor uptake by plants, and excess application of P 

fertilizers to crops since most of them are rapidly converted into insoluble forms or washed away 

into fresh and causes algal bloom, and formation of eutrophication to water body (Pretty et al., 

2003). Consequently, the fertilizer use efficiency of P fertilizer throughout the world is around 

10-25% and concentration of bio-available P in soil is very low reaching the level of 1.0 mg kg
–1

 

soil (Isherword, 1998). 

 

It is established that microorganisms harbour rhizosphere which termed as plant growth 

promoting rhizobacteria (Hayat  et al., 2010), they play a very important role in promoting plant 

growth by mineralization of organic phosphates and solubilizing inorganic and fixed phosphate 

(Chen et al., 2006; Sharma et al., 2013), stimulate plant growth through mobilizing nutrients in 

soils, producing numerous plant growth regulators (Ahemad and  Malik, 2011), protecting plants 

from phytopathogens by controlling or inhibiting them (Ahemad and Khan, 2010). 

 

Inorganic phosphate solubilization by micro organisms occurs mainly by organic acid production  

either by lowering the pH, or by enhancing chelation of the cations bound to P  by competing 

with P for adsorption sites on the soil by forming soluble complexes with metal ions associated 
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with insoluble P (Ca, Al, Fe) and thus P is released (Zaidi et al. 2009). The lowering in pH of the 

medium suggests the release of organic acids by the P-solubilizing microorganisms (Maliha et 

al. 2004) via the direct oxidation pathway that occurs on the outer surface of the cytoplasmic 

membrane (Zaidi et al., 2009). These acids are the product of the microbial metabolism, mostly 

by oxidative respiration or fermentation of organic carbon sources (glucose) (Trolove et 

al., 2003). Production of organic acids particularly gluconic and carboxylic acids is one of the 

well-studied mechanisms utilized by various phosphate solubilizing soil bacteria (Sharma et al., 

2013). These organic acids bind phosphate with their hydroxyl and carboxyl groups thereby 

chelating cations and also inducing soil acidification, resulting in the release of soluble 

phosphate (Bhattacharyya and Jha, 2012). 

 

Various kinds of bacteria (Zaidi et al., 2009; Khan et al., 2010) and fungi (Whitelaw, 2000) have 

been isolated and characterized for their ability to solubilize unavailable phosphate (P) to 

available forms, and promote plant growth. According to Oteino et al. (2015), the most important 

phosphate solubilizing bacteria (PSB) include the genera Arthrobacter, Bacillus, Beijerinckia, 

Burkholderia, Enterobacter, Erwinia, Flavobacterium, Microbacterium, Pseudomonas, 

Rhizobium, Rhodococcus, and Serratia. 

 

Association of phosphate solubilizing bacteria with plant roots are depends on different soil 

condition such as salinity, drought, acidity, and soil temperature (Zaharan, 1999). Although in 

Ethiopia, East Wollega and Horro Guduru Wollega is major field pea producing area, the 

association of plant growth promoting bacteria could be harnessed by a very low pH, a very high 

exchangeable acidity, low calcium, and potassium properties of the soil (Abdenna et al., 2013). 

The low pH of the soil results in immobilization of phosphorous by aluminium and iron. 

 

On the other hand, there is variation in stress tolerance among different strains of plant growth 

promoting rhizobacteria (Shekhar et al., 2000). These variability is an important tools to measure 

the survival advantage of one strain over the other in the sever soil environment (Rice et al., 

1977). Strains resistant to different soil stresses have potential to improve the production of 

legumes grown on the area and extend the ranges of soils upon which legumes adapted to grow 

(Munns, 1978). Therefore, the ability of phosphate solubilizing bacteria associated with field pea 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4320215/#CR134
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4320215/#CR74
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4320215/#CR134
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4320215/#CR122
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rhizosphere to solubilize different inorganic phosphates sources, the potential to tolerate wide 

range of stress, and versatility in metabolism should be considered when selecting strains as 

biofertilizer (Oteino et al., 2015). 

 

Thus, screening for efficient PSB is important to develop economical and eco-friendly 

technologies to solve this problem and such practices are steadily increasing (Vassilev and 

Vassileva, 2003). Hence, boosting the native microbial population with efficient strains of PSB 

can steer transformation of unavailable form by improving P supply to plants (Guinazu et al., 

2010).These properties are important for competitiveness and survival of inoculants with 

indigenous micro flora. Therefore, the present study was designed to evaluate phosphate 

solublizing and other plant growth promoting properties of rhizobacteria of field pea (Pisum 

sativum) collected from East and Horro Guduru Wollega, western Ethiopia. Furthermore, it is 

hoped that the best performing isolates will be used for future inoculant to maintain soil fertility, 

particularly P deficiency and enhance growth and yield of legume crops.  
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3.2. MATERIALS AND METHODS 

 

3.2.1. Description of the study sites 

 

The study was carried out on soils collected from East Wollega and Horro Guduru Wollega 

zones, western Ethiopia situated at about 245-380 kms west of the capital, Addis Ababa (Figure 

1.1) during 2014/15. Soil samples were collected from the rhizosphere of field pea grown in the 

fields of Jimma Rare, Horro, and Guduru of Horro Guduru Wollega and Wayu-Tuqa, Leqa-

Dullecha, and Jimma-Arjo districts of East Wollega and Horro Guduru Wollega zones of 

Ethiopia (Figure 1.1). Soil sample collection sites were geo-referenced using geographic 

positioning system (GPS). 

 

3.2.2. Soil sampling procedure and laboratory analysis 

 

Soil samples were collected for nutrient content analysis to determine how much nutrients 

available for plant and microorganisms in the soils. Six districts and six farmlands from each 

district were selected based on production status of field pea. Approximately 100 g of 

rhizosphere soil samples from each farmland was taken from 0-1mm that in contact with roots of 

field pea at 0-10cm depth aseptically using auger and composite samples were made from five 

spots of each sampling site, sub-sampled and collected into plastic bags. The rhizosphere soil 

samples were brought to Holeta Agricultural Research Center for bacterial isolation and also 

approximately 1kg soil sample was taken from each farm land from where the rhizosphere 

sample taken from 0-20cm depth using auger and composite samples were made from five spots 

of each sampling site, sub-sampled and collected into plastic bags and brought to Haramaya 

University Soil Laboratory for soil analysis. Organic carbon was determined using the wet 

oxidation method (Walkley and Black, 1934), while total N was determined following the 

modified micro-Kjeldahl procedure (Jackson, 1958). Available soil P was measured using the 

Olsen extraction method (Olsen et al., 1954) while pH was measured in the supernatant 1:2 soil 

to water ratio suspension using pH meter (Carter, 1993). 
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3.2.3. Treatment and design of the experiment 

 

A total of 36 rhizosphere soil samples collected from field pea rhizosphere and only 23 isolates 

were isolated, of these, eleven isolates that represent 11 sampling sites were showed positive 

phosphate solubilization and designated as phosphate solubilizing bacteria Haramaya University 

(PsHU1- PsHU11). Then the eleven isolates were evaluated for phosphate solubilization 

efficiency on Pikovskaya medium containing Ca3(PO4)2, AlPO4 and FePO4, and other plant 

growth promoting properties of rhizobacteria such as indole acetic acid (IAA), hydrogen cyanide 

(HCN), protease, and chitinase activities on their respective medium. In addition, morphological 

(gram staining), biochemical and eco-physiological conditions (different levels of pH and T
o
C) 

of the isolates were tested. Each test was done in triplicates. The details of materials and 

procedures were explained in each section below. 

 

Table 3.1. Description of the study sites and some soil chemical characteristics of the sampling 

sites of East Wollega and Horro Guduru Wollega, western Ethiopia  

Isolates  District/ 

Locality  

Latitude  

 

Longitude Altitu

de (m) 

OC 

(%) 

TN 

(%) 

AP 

(mgk

g
-1

) 

Soil 

pH 

               Jimma Rare   

PsHU8 Ilamu N09°14'29.85" E 37°19'11.38" 2268 1.27 0.1 8 4.95 

PsHU3 Sochosa N 09°15'4.58" E 37°22'20.90" 2264 1.3 0.11 11 5.36 

  Guduru   

PsHU1 Bantu N 09°32'13.52" E 37°26'49.72" 2301 1.74 0.13 9.7 4.85 

PsHU2 Didibe N 09°29'24.43" E 37°28'26.45" 2316 2.09 0.18 12 5.01 

  Horro   

PsHU10 Cabir N 09°31'10.98" E 37° 5'17.35" 2605 1.17 0.09 3.6 4.80 

PsHU7 Akaji N 09°32'46.91" E 37° 3'34.9" 2792 1.44 0.15 4.4 4.79 

                Wayu Tuqa   

PsHU9 Komto N 09° 6'47.03" E 36°43'12.32" 2814 1.5 0.09 6.9 4.97 

PsHU5 Dachasardo N 09° 4'55.62" E 36°39'18.46" 2159 2.5 0.22 2.9 5.10 

  Leqa Dullecha   

PsHU4 Wanibo N 08°50'47.20" E 36°28'40.77" 2485 0.93 0.08 6.3 4.95 

PsHU6 Gudina jilo N 08°56'20.13" E 36°28'51.50" 2168 1.27 0.11 9 5.25 

                  Jima Arjo   

PsHU11 Odoro N 08°44'58.45" E 36°30'59.41" 2496 1.47 0.11 7 5.10 

OC = Organic carbon, TN = Total Nitrogen, AP = Available Phosphorus 
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3.2.4. Isolation of plant growth promoting rhizobacteria 

  

The potential of rhizobial isolates for phosphate solubilization was screened by using the 

procedure described by Pikovskaya (1948). 1g of rhizosphere soil sample was serially diluted 

using 100 ml of sterile distilled water and from the last dilution 0.1ml of suspension was taken 

and spread plated on Pikovskaya agar medium containing 10g glucose, 5g Ca3(PO4)2, 0.5g  

(NH3)2SO4, 0.2g NaCl, 0.1g MgSO4.7H2O, 0.2g KCl, 0.002g Fe2(SO4)3.7H2O, 0.002g MnSO4, 

0.5g yeast extract, 20g agar, 1000m distilled water, pH 7.0) and incubated at 30 
0
C for 3-5 days. 

 

The plates were incubated at 28 
0
C for 3-5days. Then, the isolates that showed clear zone around 

the colonies were considered as P solubilizers, sub-cultured, purified, and designated as 

phosphate solubilizing bacteria Haramaya University (PsHU1- PsHU11) and preserved at 4 
0
C. 

 

3.2.5. Assay for phosphate solubilization 

 

Phosphate-solubilization test was conducted qualitatively by plating the phosphate solubilizing 

bacterial isolates on Pikovskaya medium containing the basal medium and three different types 

of inorganic phosphate sources including tricalcium phosphate (TCP), Aluminium phosphate 

(AlPO4) and iron phosphate (FePO4) at concentrations of 5, 4.3, and 4 gl
-1

,
 
respectively, 

according to Nopparat et al. (2007). Phosphate solubilizing bacteria isolates were streaked on the 

surface of agar plates and incubated at 28 
0
C for 3 days. The halo zones around the colonies were 

measured in mm and the solubilizing efficiency was calculated according to the formula used by 

Abou El Yazeid et al. (2007). 

Z

C
PSE  X 100 

Where, PSE = phosphate solubilizing efficiency, C = diameter of colony, Z = diameter of halo 

zone  

DC

DHZDC
PSI


  

Where, PSI = phosphate solubilizing index, CD – diameter of colony, DHZ = diameter of halo 

zone 
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3.2.6. Quantitative measurement of phosphate solubilization in liquid PVK medium 

 

The isolates (100μl of 48 hours active culture) were inoculated in three replicates of 100 ml of 

PVK broth into 250ml conical flasks containing different phosphorus sources, Aluminum 

phosphate (AlPO4)(0.43 g/100ml), Iron phosphate (FePO4) (0.4 g/100ml) and Ca3(PO4)2(0.5 

g/100ml) were added separately as sources of phosphorus according to Pikovskaya (1948) and  

Nopparat et al. (2007). The composition of Pikovskaya’s broth medium was: Glucose 10 g/l, 

Tricalcium phosphate 5 g/l, Ammonium sulphate 0.5 g/l, Potassium chloride 0.2 g/l, Magnesium 

sulphate 0.1 g/l, Manganese sulphate, Traces (0.0002 g/l), Ferrous sulphate, Traces (0.0002g/l), 

Yeast extract 0.5 g/l at pH 7.0 and the mixture was autoclaved at 121
0 

C for 15min. A medium 

without inoculum from each phosphorus source was used as a control for each respective 

treatment. 

 

The flasks were incubated on a GFL-3020 rotary shaker operating at 121 rpm at room 

temperature for 5 days. From each culture broth, 20 ml was removed and insoluble materials 

were removed by centrifugation using a centrifuge (Thermo Scientific TX-1000 rotor) at 12,000 

rpm for 5 minutes. The supernatant was taken to measure pH changes using pH meter (AZ8601) 

and released phosphorus using Olsen method (Olsen et al., 1954). 

 

3.2.7. Identification and characterization of isolates 

 

Morphological characteristics in combination with specific staining properties (Gram staining for 

example) and physiological characteristics were used for the identification of the initial isolates. 

This preliminary characterization was complemented by API 50 CH (for Bacillus spp) and API 

20NE (for Gram-negative non-Enterobacteriaceae bacteria) (BioMerieux, Marcy-L’Etoile, 

France) identification kits (Washington, 1971). The isolates were subjected to the relevant API 

kit characterization on the basis of their abundance and preliminary morphological and 

biochemical features. 
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3.2.8. Physiological conditions of the isolates 

 

3.2.8.1.Optimization of physiological conditions (Temperature and pH) 

 

The phosphate solubilization efficiency (PSE) of the isolates was tested on Pikovaskaya agar 

adjusted to pH 7.0 and incubated at temperature 10, 15, 40, 45, 50and 55 
0
C; and Pikovaskaya 

agar adjusted at different pH values i.e. 5,6,7,8, and 9, with incubation temperature of 28 
0
C. 

 

3.2.9. Characterization of isolates for other plant growth promoting properties 

 

3.2.9.1. Estimation of IAA production 

 

IAA detection was done by growing each isolate in nutrient broth medium at 28 
0
C for 5 days. 

Cultures were centrifuged and two ml of supernatant was taken and mixed with 2 ml of reagent 

which consisted of 4.5 g of FeCl2 per litter in 10.8 M H2SO4. Development of a pink color 

indicates IAA production (Lorck, 1948). 

 

3.2.9.2. Production of HCN 

 

Pure isolates were screened for the production of hydrogen cyanide by adapting the method of 

Lorck (Lorck, 1948). Nutrient Agar was amended with glycine (4.4 g/l) and bacteria were 

streaked on modified agar plates. Whatman No.1 filter paper soaked in 2% sodium carbonate in 

0.5% picric acid solution was placed at the inner surface of the lid of the Petri plate. Plates were 

sealed with parafilm and incubated at 30 
0
C for 4 days. Development of orange to red color 

indicated HCN production. 

 

3.2.9.3. Test for protease and chitinase activities 

 

Protease activity was assessed by spot inoculating the rhizobacterial isolates on nutrient agar 

plates supplemented with 1.5 % skimmed milk powder (Ryden et al., 1973). They were also 

inoculated into chitin agar containing (g/l) colloidal chitin (4), MgSO4.7H2O (0.5), K2HPO4 
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(0.7), KH2PO4 (0.3), FeSO4.7H2O (0.01), MnCl2 (0.001), NaCl (0.3), yeast extract (0.2) and agar 

(20) as described by Bansode and Bajekal (2006). In all cases, they were incubated at 28 ± 0.2 
o
C 

for 3-5 days to detect clear zone formation around their colonies. 

 

3.2.10. Statistical analysis 

 

Data on phosphate solubilizing efficiency of the isolates grown on different media were 

subjected to analysis of variance (ANOVA) and a least significant difference (LSD) used to test 

significant difference between means. A probability level of P < 0.05 was significant (SAS, 

2009). 
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3.3. RESULTS AND DISCUSSION 

 

3.3.1. Isolation and screening of plant growth promoting rhizobacteria 

 

A total of 23 phosphate solubilizing bacteria were screened from the rhizosphere of field pea 

plants, of which 11 isolates that showed better solubilization characteristics with larger halo zone 

were further analyzed to evaluate their potential in phosphate solubilization using qualitative and 

quantitative methods, and for other PGP properties. 

 

3.3.2. Identification of PSB isolates 

 

In the present study, 11 phosphate solubilizing bacteria were isolated from field pea plant 

rhizosphere soil. They were all rod-shaped, gram positive and negative bacteria. The 

rhizobacterial isolates grouped under six genera, dominated by Pseudomonas spp. and Bacillus 

spp.(Table 3.2).These organisms were found to be the dominant phosphate solubilizing 

organisms in the rhizosphere (Chen et al., 2006).  

 

Table 3.2.Some cellular and morphological characteristics of field pea rhizosphere isolates 

Isolate 

code 

Colony 

color  

Colony 

elevation 

Colony 

margin 

Gram 

reaction Shape Identification   

PsHU1 White Flat Round Positive Rod  Bacillus spp. 

PsHU2 Yellow Conical Oval Negative Rod Pseudomonas spp. 

PsHU3 White Conical Round Positive Rod Paenibacillus spp. 

PsHU4 Yellow Flat  Round Negative Rod Pseudomonas spp. 

PsHU5 White Flat  Oval  Positive Rod Brevibacillus spp 

PsHU6 Yellow Conical Round Negative Rod Pseudomonas spp. 

PsHU7 White Flat Oval  Negative Rod Enterobacter spp. 

PsHU8 White Flat Round Negative Rod Stenotrophomonas spp. 

PsHU9 Yellow Conical  Oval Negative Rod Pseudomonas spp. 

PsHU10 White Conical Oval  Positive  Rod Bacillus spp. 

PsHU11 Yellow Conical Round Negative Rod Pseudomonas spp. 
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3.3.3. Qualitative evaluation of phosphate solubilization on solid PVK medium containing 

Ca3 (PO4)2, AlPO4 and FePO4 

 

The PSB isolates showed significant difference in their solubilization of the different inorganic 

phosphate sources. Accordingly, they showed higher solubilization activity on Pikovaskaya agar 

media with calcium phosphate with solubility index (SI) ranging from 1.3-3.3 (mean 2.4) 

followed by AlPO4 and FePO4 inorganic phosphates SI ranging from 1.33 to 2.3 (mean1.8) and 

1.2 to 1.75 (mean 1.4), respectively (Table 3.3). The isolate PsHU4 and PsHU6 exhibited the 

highest phosphate solubilization index and phosphate solubilization efficiency of 3.3 and 233% 

followed by PsHU2 with 3 and 200%, respectively, on tri-calcium phosphate. 

 

The isolates PsHU2, PsHU5 and PsHU6 exhibited the highest phosphate solubilization index 

(2.3) with 133 phosphate solubilization efficiency on Aluminum phosphate. However, the isolate 

PsHU2 showed the highest phosphate solubilization index (1.75) with 75% of phosphate 

solubilization efficiency from iron phosphate, followed by PsHU4 and PsHU6 (1.5) with 50% 

phosphate solubilization efficiency. The PsHU2 isolate was the most efficient solubilizer of all 

the isolates on the different inorganic phosphorus sources, followed by isolates PsHU4 and 

PsHU6. This might be due to the production of sufficient and different types of organic acids 

(Sagervanshi et al., 2012).There are also other mechanisms such as production of bacterial 

metabolites and siderophores that could contribute  to efficient solubilization (Shahab and 

Ahmed, 2008). The P solubilizing efficiency of the isolates (Pseudomonas sp., Bacillus sp. and 

Rhizobium sp.) on TCP was slightly higher than the PS index of 2.0 to 2.23 recorded by 

Karpagam and Nagalakshmi (2014), and P index of 2.43 to 2.87 on TCP by Bacillus sp. and 

Pseudomonas sp. reported by Susilowati and Syekhfani (2014). 
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Table 3.3. Evaluation of Phosphate solubilization index and phosphate solublization efficiency (PSE) of 11 most P  

solubilizing bacterial isolates on Pikovaskaya Agar medium containing TCP, AlPO4 and FePO4.  

Isolates 

 

TCP AlPO4 FePO4 

Clear 

zone 

(mm) 

Colony 

diam 

(mm) 

PSI PSE

% 

Clear 

Zone 

(mm) 

Colony 

dim. 

(mm) 

PSI  PSE

% 

Clear 

Zone 

(mm) 

Colony 

diam. 

(mm) 

PSI PSE 

% 

PsHU1 4 3 2.3 133 3 4 1.8 75 0.5 2 1.3 25 

PsHU2 7 3 3.3 233 4 3 2.3 133 3 4 1.8 75 

PsHU3 3 3 2.0 100 3 3 2.0 100 1 3 1.3 33 

PsHU4 6 3 3.0 200 2 3 1.7 66 2 4 1.5 50 

PsHU5 4 3 2.3 133 4 3 2.3 133 1 3 1.3 33 

PsHU6 7 3 3.3 233 4 3 2.3 133 3 6 1.5 50 

PsHU7 3 3 2.0 100 1 4 1.3 25 2 5 1.3 40 

PsHU8 2 6 1.3 33 2 3 1.7 66 1 5 1.2 20 

PsHU9 6 4 2.5 150 2 3 1.7 66 1 4 1.3 25 

PsHU10 4 3 2.3 133 1 3 1.3 33 1 4 1.3 25 

PsHU11 6 4 2.5 150 2 4 1.5 50 2 5 1.4 50 

Mean   2.4    1.8    1.4  

PSI-Phosphate Solubilization Index, PSE-Phosphate Solublization Efficiency 
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3.3.4. Quantitative evaluation of phosphate solubilization in liquid PVK medium 

containing Ca3 (PO4)2, AlPO4 and FePO4 

 

The eleven isolates were inoculated in Pikovskaya broth containing different inorganic 

phosphate sources including Ca3(PO4)2, AlPO4 and FePO4 and incubated for 5 days. The isolates 

showed significant difference (p < 0.05) in the amount of P released on various inorganic 

phosphate sources (Table 3.4 and Appendix Table 3.1). The isolates, in general, released higher 

P on Ca3(PO4)2 ranging from 7-17mgl
-1

/day within 5 days of incubation. They also released P on 

AlPO4 and FePO4 to the tune of 5.9-9.6 mgl
-1

/day and 4.2-6mgl
-1

/day, respectively. The average 

efficiency of the isolates on Ca3(PO4)2, AlPO4 and FePO4 was 12.3mgl
-1

/day, 7.8mgl
-1

/day and 

5.2mgl
-1

/day,  respectively, showing 58%-190% efficiency in solubilization of the inorganic P 

sources. The efficiency of P-solubilization between the highest and lowest P-solubilizing bacteria 

was more than twice on Ca3(PO4)2 compared to p released on AlPO4 by 43% and by 62% on 

FePO4 indicating that isolates were different in the rate of solubilizing the different inorganic 

phosphate sources. 

 

Among the isolates, PsHU6, PsHU2, PsHU11and PsHU9 were the most efficient ones in 

solubilizing TCP with a rate of 16-17mg/day followed by isolates PsHU7 and PsHU10 with rate 

of almost 14.7mg/day indicating that almost half of the isolates showed comparable efficiencies 

in PS on TCP. Likewise, the highest solubilizing bacteria on AlPO4 was PsHU6 with a rate of p 

solubilization of 9.6 mg/day showing an almost 15% more efficiency than all the other isolates, 

except PsHU8, that showed the lowest P-solubilization efficiency of 5.9 mg/day a difference of 

65% efficiency between the strains them. This shows that many of the isolates did not show 

significant difference from one another compared to the Ca3(PO4)2 solubilization efficiency 

(Table 3.4). Isolates PsHU2, PsHU6 and PsHU4 released P at rates of 6.6-6.9 mgl
-1

P/day on 

FePO4 showing 65% more efficiency than the lowest efficient isolate PsHU7 (4.2 mg/day). 

 

Among all, PsHU6 and PsHU2 were the most efficient isolates on their overall performance on 

the different inorganic phosphate sources, followed by PsHU9 and PsHU11 whereas isolates 

PsHU8 and PsHU1 were the least performers irrespective of the inorganic phosphate sources. 
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Table 3.4. The mean value for Efficiency of selected PsHU isolates in solubilization of P in media containing Ca3(PO4)2 

 AlPO4and FePO4 over entire incubation period (mg/l).  

 

 

Means followed with the same letters in a column are not significantly different at P < 0.05 level 

 Ca3(PO4)2(mg/l) AlPO4(mg/l) FePO4(mg/l) 

Isolates P release/ 

5days  

Rate 

/day 

pH 

/5days 

P release 

/5days 

Rate/ 

day 

pH/5

days 

P release/ 

5days 

Rate/ 

day 

pH/5 

days 

PsHU1 35h 7.0 5.3c 33.7d 6.7 5.6d  23.5e 4.7 6.11b 

PsHU2 84.76a 16.9 4.9e  40.7b 8.2 5.4g  34.93a 6.9 5.36f 

PsHU3 43.4g 8.7 5.4c  36.10c 7.2 5.5e  25.3d 5.1 5.52e 

PsHU4 50.5f 10.1 5.4c 41.20b 8.3 5.4g  33.b 6.6 5.42f 

PsHU5 54.7e 11.0 5.6b  37.4c 7.5 6.1c  22.0fg 4.4 5.35f 

PsHU6  85a 17.0 4.8f 47.83a 9.6 5.2h  34.36a 6.8 5.15g 

PsHU7 73.4d 14.7 5.1d 41.20b 8.3 5.4ef 20.90h 4.2 5.92c 

PsHU8  52.2f 10.4 5.3c 29.83e 5.9 6.2b  22.4f 4.5 5.63d 

PsHU9 78.53c 15.7 4.8f  41.1b 8.2 5.4ef  26.26c 5.3 5.5e 

PsHU10 73.76d 14.8 5.2d 40.20b 8.0 5.4ef  23.7e 4.7 5.84c 

PsHU11 81.8b 16.4 4.9e  41.0b 8.2 5.4fg 21.43gh 4.3 5.66d 

Control 14i  7.1a 7.40f  7.2a 5.5i  7.20a 

Mean 60.6 12.3 5.32 36.5 7.8 5.68 24.4 5.2 5.72 

%  58%   50   >2x  

CV 1.71  0.018 2.25  0.023 2.10  0.04 

LSD 1.75  0.03 1.38  0.032 0.86  0.07 
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Regarding the amount of P solublized, the present finding was better than the finding of Kumar, 

et al. (2014); Karpagam and Nagalakshmi (2014) found that amount of P solubilized by different 

isolates ranged between 2.11 and 15.19 mg/l in PVK liquid containing TCP in 5 days. Similar 

trend but a few amount of solubilized P was obtained by findings of Thakur and Parikh (2016) 

were reported that increment of P solubilized from 2.92μg P/ml to 40.54μg P/ml (on TCP in 

NBRI broth) from 3 to 10 days incubation period, respectively and also they identified bacterial 

isolates named as Microbacterium testaceum, Bacillus subtilis, and Pseudomonas brassica 

cearum and Burkholderia dolosa. The present finding was very least  and different trend in 

comparing with finding of Kiriya et al. (2014)  who reported that much higher solubilized P 

ranged from 0-1,605 - 1,918 mg/l and 682-1,582mg/l on TCP, AlPO4 and FePO4 in NBRIP 

medium after 5 to10 days of inoculation period, respectively. This variation of P released might 

be associated with amount and types of organic acids produced, species of phosphate solubilizing 

bacteria involved each experiment and the duration of incubation time takes place.  

 

In similar trend, isolates released high, moderate and low P in medium containing Ca3(PO4)2, 

AlPO4 and FePO4 over entire incubation period. This difference might be due structural 

complexity of Al and Fe ion form insoluble with phosphate ion and makes them low P release 

than Ca ion. Similar trend but different results were obtained in the findings of Gao et al. (2016) 

who reported that much higher P was solublized on Ca3(PO4)2, AlPO4 and FePO4 that ranged 

from 6.88-360mg/l, 7.05-286 mg/l and 5.95-285 mg/l, respectively, by different isolates. 

However, other researchers (Pradhan et al., 2016) reported that maximum soluble P was 

recovered in Ca3(PO4)2 supplemented broth followed by FePO4, Fe3(PO4)2 and AlPO4 in NBRIP 

medium. This variation might be associated with different species of phosphate solublizing and 

amount  of   similar trend was obtained with the finding of Yadav et al. (2013) and Banerjee 

(2010) who showed that AlPO4 and FePO4 were less solublized as compared to Ca3(PO4)2 by 

PSB.  Sharon et al. (2016) found that the high solublization efficiency in Pikovskaya media 

containing Ca3(PO2)2 with 953 mg/l then followed by FePO4 with 43 mg/l.   

 

The low solublity of P in AlPO4 and FePO4 might be associated with the structural complexity of 

Al and Fe ion. Rodrıguez and Fraga (1999) reported that low soluble P due to Aluminum (Al
3+

) 

and iron (Fe
3+

) form insoluble complexes with the phosphate ion (PO4
3-

) in acidic environments. 
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Nautiyal et al. (2000) suggested that phosphate solublization depends not only on the quantity of 

organic acid secreted, but also on the structural complexity and particle size of phosphates and 

other mechanisms.  

 

Generally, the solublization of P by phosphate solublizing bacteria might be associated with 

production of various organic acids into the medium. Although, Whitelaw (2000) suggested that 

solublization of FePO4 and AlPO4 occurs via proton release by PSB through decreasing the 

negative charge of adsorbing surfaces to facilitate the sorption of negatively charged P ions. 

Carboxylic acids mainly solubilizes FePO4 and AlPO4 Henri et al. (2008); Khan et al. (2007) 

through direct dissolution of mineral phosphate as a result of anion exchange of PO4
3-

 by acid 

anion, or by chelation of both Fe and Al ions associated with phosphate (Omar, 1998). 

 

The present study, phosphorous solubilization was correlated with a drop in pH of the medium 

among all isolates and all medium containing inorganic phosphate (Table 3.3). Inorganic P is 

solubilized by the action of organic and inorganic acids secreted by PSB in which hydroxyl and 

carboxylic groups of acids chelate cations (Al, Fe, Ca) and decrease the pH  in basic soils 

(Deubel et al., 2000; Stevenson, 2005). Organic acid productions by microbial strains have been 

reported to be a major mechanism of solubilization (Fasim et al., 2002). However, in the present 

study, the type and amount of organic acids produced by isolates were not evaluated. 

 

3.3.5. Changes of pH in different phosphate broths 

 

The isolates showed significant differences (P < 0.05) in their pH changes in the supernatant of 

all medium containing Ca3(PO2)2, AlPO4 and FePO4 over entire incubation period while being 

almost stable in control treatment (Table 3.4). The pH of the supernatant showed a sharp 

reduction and corresponded with an increment of the solubilization of insoluble P (Table 3.4) 

and ranged from pH 7.2 to 5.56-4.83in TCP, pH 7.2 to 6.23-5.15 in AlPO4 and pH 7.2 to 6.11-

5.15 in FePO4 at 0 day to 5 days among isolates, respectively. 

 

The present study revealed that the highest amount of P-solublized in all medium containing 

Ca3(PO2)2, AlPO4and FePO4 coincides with lower values pH from the respective supernatant 



78 

 

 

measured supernatant respectively (Table 3.5). The highest amount of p solublization (85 mg/l 

and 84.76 mg/l), (40.7 mg/l and 47.83 mg/l) and (34.93 mg/l and 34.36 mg/l) were measured for 

the bacterial strain PsHU6 and PsHU2 with a maximum drop in pH 7.0 to 4.8 and 4.9, 5.4 and 

5.2 and 5.36 and 5.15 in Ca3(PO2)2, AlPO4 and FePO4 over entire incubation period, 

respectively. 

 

The lowest solublized P measured by isolates in all medium containing Ca3(PO2)2, AlPO4 and 

FePO4 coincided with the much higher pH recorded for supernatant (Table 3.4). Even though, 

the lowest soluble P measured (35 mg/l and 23.5 mg/l) from isolate PsHU1 coincided with slight 

change of pH (7.0) to 5.32 and 6.11 in medium containing Ca3(PO2)2 and FePO4 by PsHU8, and 

the low p released (29.83) by isolate PsHU8 coincided with slight change of pH (7.0) to 6.23 in 

medium AlPO4 which was observed over entire incubation period.   

 

The lowering and slight change of pH might be due to formation of different organic acids and 

dependent on species type. P-solubilizing activity is determined by the microbial biochemical 

ability to produce and release organic acids, which, through their carboxylic groups, chelate the 

cations (mainly Ca
2+

) bound to phosphate, converting them into the soluble forms (Kpomblekou 

and Tabatabai, 1994). The chelation mediated mechanisms and the pH decrease are the main 

process in P solublization from inorganic P (Sharma et al., 2013). Further, a gradual decrease in 

pH values is in agreement with the findings of Kapri and Tewari (2010) who have also reported a 

decrease in pH up to four days.  

 

Furthermore, there was a strong negative correlation (r = −0.72, P ≤ 0.01) between P release and 

decrease of pH. In comparison, all the 11 isolates decreased the pH of medium but showed a 

high, moderate and low capacity to solubilize Ca3(PO2)2, AlPO4 and FePO4, with a maximal 

activity (85, 47.83 and 34.93 mg P l
−1

 ) for Ca3(PO2)2, AlPO4 and FePO4, respectively.  
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3.3.6. Physiological characteristics of the isolates 

 

3.3.6.1. Optimization of physiological conditions (Temperature and pH) 

 

In the present study, eleven field pea rhizobacterial isolates were subjected to various 

temperature and pH test, and the result showed almost all isolates were grown and solubilized 

phosphorus slightly at pH 6, and however, 100 and 90% the isolates were grown best and 

solubilized P at pH 7 and 8 where as 72.7% isolates were grown and solubilized P at pH 9 (Table 

3.5). Similarly, Sharma et al (2013) reported that solubilization of phosphate at different pH 

level of 6 to 9. 

 

 In addition, the isolates were tested for their tolerance and adaptability to various temperatures 

(Table 3.5). Except  18.1 % of isolate ( PsHU1 and PsHU11), none of the isolate was grown and 

solubilized at 10
0
c,50 and 55

0
c on Pikovaskaya medium containing TCP whereas 54.5 and  

45.4% of the isolates were grown and solubilized P at 15 and 40 
0
c respectively. Similarly, 

Sharma et al (2013) reported that temperature tolerance of phosphate solubilizing bacteria at 

varied temperature of 15 to 40
o
C.Therefore; it implies that better chance for isolate to survive in 

the rhizosphere because metabolic diversity is presumed as survival strategy of organisms. 

Tolerance to high temperature stresses may be important in the survival, multiplication and 

spread of bacterial strains in soils (Johri et al., 2000).  
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Table 3.5.Growth condition of phosphate solubilizing bacterial isolates of field pea rhizosphere at different temperature and pH levels 

Isolates 

Growth conditions of isolates at       

pH level 

Growth condition of isolates at specific temperature 

level (T
o
c) 

 6 7 8 9 % 10
0
c 15

0
c 40

0
c 45

0
c 50

0
c 55

0
c % 

PsHU1 + + ++ ++ 100 + ++ - - - - 33 

PsHU 2 ++ ++ ++ ++ 100 - ++ + + - - 50 

PsHU 3 + ++ - - 50 - - - - - - 0 

PsHU 4 + ++ ++ ++ 100 - ++ ++ + - - 50 

PsHU 5 ++ ++ ++ + 100 - + + - - - 33 

PsHU 6 ++ ++ ++ ++ 100 - - - ++ - - 16.6 

PsHU 7 ++ ++ ++ + 100 - - - + - - 16.6 

PsHU 8 + + + - 75 - - - - - - 0 

PsHU 9 + + + - 75 - - - - - - 0 

PsHU 10 + ++ ++ + 100 - + + + - - 50 

PsHU 11 + ++ ++ ++ 100 + +++ + + - - 66.6 

% 100 100 90.9 81.8  18.1 54.5 45.5 54.4 0 0  

Slight growth (+), abundant growth (++), no growth (-) 
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3.3.7. Characterization of isolates for other plant growth promoting properties 

 

3.3.7.1. Tests for IAA, HCN, protease and chitinaese activities 

 

In this study, 63.6%, 54.5%, 81.8% and 54.5% of the field pea rhizosphere bacterial isolates 

showed positive test for IAA, HCN, and protease and chitinease activities, respectively (Table 

3.2). PsHU3, PsHU4, PsHU5, PsHU7, PsHU8, PsHU9 and PsHU10) were showed positive test 

for indole acetic acid. PsHU3, PsHU5, PsHU7, PsHU8, PsHU9 and PsHU10 were no HCN 

producers (Table 3.6 and Figure 3.2). Except PsHU8 and PsHU10, all isolates were showed 

positive protease test and furthermore except PsHU3, PsHU5, PsHU6 and PsHU1, all isolates 

were showed positive chitinease test (Table 3.6). Similarly, Beneduzi et al. (2013) reported that 

71 % of sugarcane bacteria isolates showed positive for IAA test. 

 

In general, all of the field pea rhizosphere bacterial showed more than one PGP properties (2-3 

out of 4 characters) (50-75%), of which 54.5% of the isolates displayed HCN production and 

protease activities. Among the isolates, PsHU2, PsHU4, PsHU5, PsHU7, PsHU9 and PsHU11 

showed the maximum number of PGP characters (75%).  

 

Based on multiple PGP properties, and wide range of ecological, the isolates were selected for 

further studies (Table 3.7). Accordingly, isolates such PsHU6, PsHU2, PsHU4, PsHU5 and 

PsHU7 showed better performance than the other isolates. These isolates can be potential 

inoculant candidates following evaluation of their efficiency under field conditions.  

 

 

Figure 3.2. Positive HCN test of some isolates (PsHU1, PsHU2, PsHU4, PsHU6 and PsHU11) 

and some negative HCN test (PsHU3, PsHU5, and PsHU7, PsHU8, PsHU9 and PsHU10) of field 

pea rhizobacteria. 
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Table 3.6. Properties of some plant growth promoting rhizobacteria isolated from field pea plant 

rhizosphere  

 

 

 

 

 

 

 

 

 

 

Table 3.7. Performance of the isolates based on their inherent ecophysiological and PGP traits 

tested under in vitro conditions  

 

*Numbers in the parenthesis represent the number of test made for each character, and number 5, 

4, 3, 2, 1, and 0 represented that isolates demonstrated 80-100% = 5, 60-79% = 4, 40-59% = 3, 

20-39%  = 2, 1-19% = 1 and 0% = 0 of the tested traits, respectively 

 

 

 

 

 PGPR properties of the isolates 

Isolates IAA HCN Protease  Chitnease  % 

PsHU1 - + + - 50 

PSHU 2 - + + + 75 

PSHU 3 + - + - 50 

PSHU 4 + + + - 75 

PSHU 5 + - + + 75 

PSHU 6 - + + - 50 

PSHU 7 + - + + 75 

PSHU 8 + - - + 50 

PSHU 9 + - + + 75 

PSHU 10 + - - + 50 

PSHU 11 - + + - 50 

% 63.6 45.4 81.8 54.5  
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PsHU1 2 5 2 9 5 

PsHU2 3 5 4 12 2 

PsHU3 0 3 2 5 7 

PsHU4 3 5 4 12 2 

PsHU5 2 5 4 11 3 

PsHU6 4 5 4 13 1 

PsHU7 1 5 4 10 4 

PsHU8 0 4 2 6 7 

PsHU9 0 4 4 8 6 

PsHU10 3 5 2 10 4 

PsHU11 1 5 2 8 6 
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3.4. CONCLUSION 

 

In the present study, 23 plant growth promoting rhizobacteria were isolated from field pea 

rhizosphere of Wollega, western Ethiopia and however, only 11 isolates that were positive for 

phosphate solubilization were selected and then identified into six genera. Of these, 

Pseudomonas spp. and Bacillus spp. were the dominant genera. These, the 11 isolates were 

evaluated on Pikovskaya medium containing Ca3(PO4)2, AlPO4 andFePO4 sources. Isolate 

PsHU2 and PsHU6 showed highest P-solubilization efficiency of 233% in TCP, 75% and 50% in 

FePO4, and 133% in AlPO4, respectively, whereas PsHU4 showed P-solubilization efficiency of 

200% in TCP and 50% FePO4 in solid media. The isolates showed significant difference in 

solubilizing P and resulting pH changes in the supernatant of all liquid medium containing TCP, 

AlPO4 and FePO4 over entire incubation period. Similarly, almost all isolates released high, 

moderate and low P in medium containing TCP, AlPO4 and FePO4 in liquid media over entire 

incubation period, respectively. Among all, PsHU6 and PsHU2 were the most efficient isolates 

on their overall P solubilizing performance on the different inorganic phosphate sources, 

followed by PsHU9 and PsHU11. The isolates PsHU8 and PsHU1 were the least performers 

irrespective of the inorganic phosphate sources. Generally, based on in vitro test, the isolate 

PsHU2, PsHU6 and PsHU4 can perform best in acidic and alkaline characteristics and they 

showed multiple plant growth promoting properties. Therefore, isolate PsHU2, PsHU6 and 

PsHU4 can be recommended for further test on their efficiency of phosphate solublization and 

plant growth promoting properties using crop varieties under green house and field condition.   
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4. EFFECT OF SINGLE AND CO-INOCULATION OF Rhizobium sp. and 

Pseudomonas sp. ON GROWTH AND YIELDS OF FIELD PEA (Pisum 

sativum L.) AT JIMMA RARE AND HOLETA IN ETHIOPIA 

 

ABSTRACT 

 

Currently, the produtivity of field pea in Ethiopia is far below the expected potential because of 

soil acidity problem. Plant growth promotnig rhizobacteria partly can solve such problem. The 

study was carried out to evaluate the effects of single and co-inoculation of Rhizobium and 

Pseudomonas sp. on growth and yields of field pea under field condition of Gamada Farmers 

Training Center of Jimma-rare and Holeta Agricultural Research Center, Ethiopia. A total of 

eleven treatment combination composed from the three Rhizobium sp. and two Pseudomonas sp. 

isolates, and two controls each replicated three times and arranged in Randomized Complete 

Block Design. Surface sterilized, uniform, healthy seeds of “Burkitu” improved local variety of 

Pisum sativum was sown after uniformly coating with the inoculants. The homogeneity of two 

locations was confirmed and the data of two field locations were pooled for analysis and 

ANOVA on data pooled from the two sites showed statistically no significant differences between 

locations among the characteristics of investigated except nodule dry weight and hundred seed 

weight. Single and dual inoculations with Rhizobium and Pseudomonas sp. significantly 

(P<0.05) increased all parameters investigated as compared with uninoculated treatments. The 

highest mean nodule number per plant, nodule dry weight and shoot dry weight were 64.33 

(RHU35PsHU6), 191.5mg/plant (RHU35PsHU2) and 11.55 g/plant (RHU35PsHU2), 

respectively. However, the highest mean pod per plant, seed per pod and grain yield were 22.03 

by RHU35PsHU2, 5.41 (RHU35) and 2225.0 kgha
-1

(RHU35PsHU6). However, the highest mean 

plant tissue nitrogen and plant phosphorus were 4.42% (R35P6) and 1721.67mgkg
-

1
(RHU35PsHU6), respectively. The best performing strains, RHU35PsHU6, RHU35PsHU2, 

RMPsHU2, and RHU35 can be recommended for multi-location trials over seasons. 

 

Keywords: Rhizobia, Pseudomonas sp., Solubilization, Co-inoculation, Field Pea 
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4.1. INTRODUCTION 

 

Field pea (Pisum sativum L.) is the second pulse crop in the world after Phaseolus vulgaris 

(Tar’an et al., 2005) and the third most important pulse crop in Ethiopia after faba bean and 

chick pea in terms of both area and total of production (Haddis, 2013) and it is considered as a 

multipurpose crop for use as human food and animal feed in different countries. It is a high value 

crop as cost-effective source of protein, fat, carbohydrate, fiber and minerals, and a driver for 

economic growth and food security to small holder farmers in the developing countries 

(Mulugeta et al., 2015). 

 

It is also an important component of the farming system for it fixes more than 80% of its 

nitrogen requirements through symbiosis with Rhizobium leguminosarum and contributes 

nitrogen to subsequent crops in rotation (Schatz and Endres, 2009). The amount of N-fixed by 

field pea is estimated to be between 121-175 kg ha
-1

 (McCollum et al, 2000). Also the crop has a 

potential to form association with phosphate solubilizing bacteria (Oteino et al., 2015). 

 

In Ethiopia, field pea covers over 203,990.64 ha with the total production accounting for 13% of 

the total grain legume production (CSA, 2013). Currently, the productivity of field pea in 

Ethiopia is far below the expected potential because of poor agricultural practices, poor soil 

fertility, particularly nitrogen and phosphorus (Mulugeta et al, 2015). The use of chemical 

fertilizer to boost production is neither available nor affordable to the resource poor farmers in 

Ethiopia that necessitates the search for additional inputs in the form of organic fertilizers and 

inoculation with effective nitrogen fixing and phosphate mobilizing microorganisms (Anteneh, 

2012). 

 

For many years now effective rhizobial inoculants have been commercialized to boost legume 

production. However, selection and use of phosphate solubilizing bacteria such as Pseudomonas 

and Bacillus has recently attracted a lot of interest in that direction. Several studies showed that 

inoculation/co-inoculation of effective phosphate solubilizing and nitrogen fixing 

microorganisms improved pulse production (Remans et al., 2007; Sridevi and Mallaiah, 2007). 

Yao (2004) also demonstrated that effective P concentration could be increased by inoculation 
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with rhizobacteria, Qureshi et al. (2011) observed that nutrient concentration in grain and 

different parts of a plant increased by co-inoculation of Bacillus and Rhizobium in a pot 

experiment. This may be due to direct and indirect enhancement of plant growth by a variety of 

mechanisms such as production of growth promoting substances and solubilization of minerals 

such as P (Verma et al., 2012). It is also likely to be due to better colonization ability of 

rhizobacteria, increased nitrogen fixation, phosphorous solubilization, and production of 

phytohormones, chitanase activity and production of biologically active substances (Remans et 

al., 2008). According to Son et al. (2006), Pseudomonas spp. enhanced nodulation, nutrient 

availability, uptake and grain yield in soybean crop by 3-4 fold. 

 

Several studies indicated that Ethiopian soils harbour effective nitrogen fixing rhizobia for field 

pea (Fano, 2010; Aregu et al, 2011; Kassa et al., 2015). Some of the rhizobia and Rhizobacteria 

from this crop and other leguminous crops have also some outstanding plant growth promoting 

properties such as phosphate mineralization and solubilization that could improve host plant 

health and production in chickpea (Mulissa et al., 2016), Lupinus (Dereje et al., 2016), Cowpea 

(Girmaye et al., 2017) and Soybean (Diriba et al., 2018).These studies showed that inoculation 

and co-inoculation of selected phosphate solubilizing and effective nitrogen fixing rhizobia 

improved the growth and production of the different host legumes by 2-3 fold sand was equally 

productive as N and P fertilized control plants under greenhouse and field conditions. 

 

Soil acidity is becoming a serious challenge for crop production in the highlands of Ethiopia 

(Kiflu et al., 2016). Currently, it is estimated that about 40% of the arable lands of Ethiopia are 

affected by soil acidity (Taye, 2007). Soil acidity limits or reduces crop production primarily by 

impairing root growth as a result of the toxicity to roots of high concentrations of soluble 

aluminum (Al) (Tisdale et al., 1985). Moreover, low pH enhances the fixation of P through 

sorption by Al and irons (Fe) compounds and reduces biological N fixation and mineralization 

turnover (Wang et al., 2006). The central and western part of the country is one of the areas 

highly challenging with soil acidity problem (Batjes, 1995; Abdenna et al., 2013; Abebe, 2007; 

Aacalu et al., 2013). Jimma rare and Holeta research center is one of the areas threatening with 

soil fertility and acidity problem. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5293795/#B64
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However, investigation on the potential of single/dual inoculation of PSB and rhizobium to 

increase availability and up take of phosphorus, nitrogen fixation and growth of field pea under 

field condition in soil fertility associated with soil acidity problem is the most important. 

Therefore, the aim of this study was to identify the best performing inoculants of single and dual 

Rhizobium sp. and pseudomonas sp. on growth and yields of field pea under field conditions of 

Jimma Rare and Holeta Agricultural Research Center, Western Ethiopia. Furthermore, it is 

hoped that the best performing isolates will be used for future inoculant to maintain soil fertility, 

particularly N and P deficiency and enhance growth and yield of legume crops.  
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4.2. MATERIALS AND METHODS 

 

4.2.1. Description of the field experimental sites 

 

The field experiment was conducted at two sites, Gamada FTC of Jimma Rare district and 

experimental field site of Holeta Agricultural Research Center, Ethiopia during the main rainy 

season of 2015/16. The geographical locations and soil characteristics of the two field sites are 

shown on Table 4.1. 

 

Table 4.1. Description of the study sites and soil characteristics  

Jimma rare site Holeta site  

Latitude 9°15'43.66"N 9° 3'29.28"N 

Longitude 37°22'38.27"E 38°30'37.34"E 

Altitude 2264m 2396.6m 

Rain fall (mm) 2105.3 1486.3 

Tmax (
o
c) 23.5 23.07 

Tmin (
o
c) 12.5 10.98 

Temperature and rainfall: mean of 7 years 

 

4.2.2. Enumeration of indigenous Rhizobia and phosphate solubilizing bacteria 

 

The most probable number (MPN) plant infection test was used to enumerate rhizobia capable of 

nodulating field pea in the collected field soils following the procedures described by 

Somasegaran and Hoben (1994). The quantification of phosphate solubilizing bacteria was done 

according to the procedures of Pikovskaya (1948). 

 

4.2.3. Soil sampling procedure and soil analysis 

 

Approximately 1kg soil samples from two pre-sowing surface were collected from 0-30 cm depth diagonally from five sub 

subsamples on Gamada Farmers Training Center and experimental field site of Holeta Agricultural Research Center and then 

composited each. The composite samples were brought to Holeta Soil Micro Biology and Holeta Microbial 

Biotechnology Laboratory for enumeration of rhizobia nodulating field pea and phosphate 

solubilizing bacteria as well as for soil chemical and physical analysis before sowing. Composite soil 
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samples were analyzed for organic carbon which was determined using the wet oxidation method (Walkley 

and Black, 1934),while total N was determined following the modified micro-Kjeldahl procedure (Jackson, 

1958). Available soil P was measured using the Olsen extraction method (Olsen et al., 1954). Particle size 

distribution was analyzed following the Bouyoucus Hydrometer Method (Day, 1965) while pH was measured 

in the supernatant of 1:2 soil to water ratio suspension using pH meter (Carter, 1993). 

 

4.2.4. Rhizobia and PSB sources and pea variety 

 

Rhizobium isolates (RHU22, RHU35 and RM (Reference) and two Pseudomonas sp. isolates 

(PsHU2 and PsHU6) were selected from culture collections from previous experiments (isolates 

from East Wollega and Horro Guduru Wollega areas). A recently released “Burkitu” improved 

local variety of Pisum sativum was provided by the Holeta Agricultural Research Centre 

(EIAR).This variety was chosen on the basis of its resistance to disease and better performance 

for many years in the high altitude areas of Ethiopia (Gemechu Kenani, personal 

communication). 

 

4.2.5. Experimental design, procedures and treatment 

 

Two field experiments were conducted under field conditions of Gamada FTC of Jimma Rare 

district and Experimental field site of Holeta Agricultural Research Center during the major 

cropping season (June-October) in 2015/2016.The field sites were prepared in plot size of 

2mx3m and spacing between plot and block was 1 and 1.5 m, respectively. The field pea was 

sown in seven rows per plot at 40 cm row to row and 10 cm plant to plant spacing. Ridges were 

made between each plot to reduce the movement of bacteria from one plot to another plot. 

 

The inoculants were prepared through mixing three days old Rhizobium isolates (RHU22 and 

RHU35) and one standard commercial inoculum (RM) of field pea rhizobium taken from 

Menagesha biofertilizers, and two Pseudomonas sp. isolates (PsHU2 and PsHU6) suspensions 

(10
8
-10

9
 CFU ml 

-1
) with sterile charcoal powder in 1:1:1 ratio as carrier (Table 4.2). Surface 

sterilized (dipped into 95% ethanol and 3-5% H2O2 for 3 minutes) uniform, healthy seeds were 

sown after uniformly coating with powdered inoculants of 10% sugar solution at a rate of 20ml 
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inoculants kg
-1

 of seed according to procedures described by Younes et al. (2013). Eighteen 

Kgha
-1

 urea and 18 Kgha
-1

 Tri-super phosphates were applied to all treatment as starter according 

to Huang et al. (2014). Sowing was performed immediately by hand using new sterile medical 

gloves for each pot. All inoculations were done just before planting under shade to maintain the 

viability of microbial cells. 

 

Table 4.2. List of treatments and their combinations  

T1=RHU22(Rhizobium) T7=RHU35PsHU6 

T2=RHU35 (Rhizobium) T8=RMPsHU2 

T3=RM (Standard Rhizobium) T9=RMPsHU6 

T4=RHU22PsHU2 T10=Negative 

T5=RHU22PsHU6 T11=Positive 

T6=RHU35PsHU2  

 

A total of eleven treatment combinations were taken, each replicated three times with positive 

control (50 Kgha
-1

 of P2O5 and 50 Kgha
-1 

of urea) and negative control (without NP and 

inoculation) making a total of 33 plots. They were arranged in randomized complete block 

design (RCBD) with three replications. The experimental field was weeded two times during the growing season. 

The first weeding was done 15-days after planting of field pea to avoid competition during early stage of crop growth. The 

second weeding was undertaken one month later. Forty five days after planting, growth parameters such as 

nodule number plant
-1

, nodule dry weight (mg plant
-1

) and shoot dry weight (g plant
-1

) were 

recorded. Nodule dry weight and shoot dry weight were determined by drying nodules and shoot 

in air and oven at 70 
O
C to constant weight and reported as mg and g plant

-1
, respectively. At 

harvest, yield-related parameters recorded were pod per plant, seed per pod, grain yield and 

hundred seed weight. 

  

In addition to these, percent N and total N (g per plant) in plant tissue was determined following 

the method outlined in Sahlemedhin and Taye (2000), and multiplying the percent N content by 

the shoot dry weight and dividing the result by 100 (Giller, 2001). Shoot and grain were digested 

using a mixture of H2SO4-H2O2and the N and P concentrations determined. The N and P content 
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of the shoot and grain were calculated by multiplying the shoot and grain weight by the N or P 

concentration.  

 

4.2.6. Statistical Analysis 

 

Data on nodule number, nodule dry weight, and shoot dry weight, plant tissue N content  was 

subjected to analysis of variance (ANOVA) and a least significant difference (LSD) test of mean 

differences was made (SAS, 2009). A probability level of P < 0.05 was significant. Pearson’s r 

values were also determined for the association of shoot dry weight with nodule number and 

nodule dry weight  and with plant tissue N content and reported at P < 0.01 level of significance. 

The data obtained from the two field locations were tested separately for homogeneity and their 

homogeneity were confirmed and pooled together for analysis. 
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4.3. RESULTS AND DISCUSSION 

 

4.3.1. Some soil characteristics of the study sites  

 

The percent of OC and TN were 0.91 and 1.12, 0.075 and 0.07 at Gamada FTC and Holeta site, 

respectively. As per rating of Tekalign (1991) soil samples across the study area qualified as < 

0.5 % (very low), 0.5-1.5% (low) and 1.5-3.0% (medium) , and >3.0% as high levels of OC, soil 

in the present study were found to be low in soil organic carbon. In comparing with the rating of 

Murphy (1968) low (<0.10), medium (0.10-0.15) and high (0.15-0.25), very high (>0.25), about 

(21.87%), (59.37%) and (18.75%) of soil in the present study were found to be low in soil total 

nitrogen.  

 

The Available phosphorus content of Gamada FTC and Holeta site were 8.22 and 12.45 

respectively. Based rating of Ethio SIS (2014) qualified as very low (<15), low (15-30) and 

optimum (30-80), high (80-150) and very high (>150), soils of the present study site were found 

to be very low (<15 mgkg-1) in available phosphorus. The soil pH was 5.01 and 5.20 at Gamada 

FTC and Holeta site, respectively. The percent of sand, clay and silt were 50 and 46, 32 and 12, 

18 and 12 at Gamada FTC and Holeta site, respectively. However, the MPN of rhizobia and 

plant growth phosphate solubilizing rhizobacteria were less than 10 and 15, less than 20 and 30 

per gram soil, respectively. 

 

4.3.2. Effect of single and co-inoculation of Rhizobium and phosphate solubilizing 

Pseudomonas sp. on growth of field pea 

 

ANOVA showed statistically no significant difference between locations except nodule dry 

weight among the characteristics of investigated (Appendix Table 4.1). This might be associated 

with the ability of isolates to withstand different environments and effectively support plants by 

supplying nitrogen from the biological nitrogen fixation. 

 

 

 



98 
 

 

4.3.2.1. Plant height, nodule number and nodule dry weight 

 

The mean of plant height ranged from 110.8cm to 135.16cm which was recorded from 

uninoculated and inoculated plants, respectively (Table 4.3). There was no statically difference 

in plant height among plant treated with inoculants. However, there was significant variation 

between plants inoculated and uninoculated. In consent with the findings of the current study, El 

Sayed et al. (2015) reported no variation in plant height due to dual and single inoculation except 

in co-inoculation of RL-2017 with PF-23932 which increased plant height of faba bean by 

14.8%. Similarly, Shiferaw et al. (2013) reported that only 30% of co-inoculated of faba bean 

with rhizobium and Pseudomonas sp. increased plant height over the other treatments. Also, 

Anteneh (2012) reported an improvement in plant height by 22-30% over the untreated plants 

due to co-inoculation of Soybean with Bradyrhizobium japonicum and Pseudomonas sp. 

 

The inoculated plants also showed differences in nodule number ranging from 64.3 from plants 

inoculated with dual isolate of RHU35PsHU6 followed by dual isolate of RHU35PsHU2 with 

nodule number of 62.33 plant
-1

 to that of 46 nodule number per plant inoculated with single 

inoculation of RHU22(Table 4.3).The lowest nodule number recorded might be associated with 

the soil composition that can influence plant, rhizobia growth and nodule establishment, and also 

the variations might be associated with ability of one strain over the other to with stand in such 

acidic soils.  In general, co-inoculated RHU35PsHU6 plants increased nodule number by 40% 

over single inoculated Rhizobium. However, there was no significant difference between single 

inoculated and co-inoculated plants with the standard RM. All the combined treatments showed 

better nodulation than the use of Rhizobium alone.   

 

Similar report indicated that co-inoculation of the rhizobia strains with the PGPR generally 

enhanced the nodulation of faba bean more than by 45% compared to single rhizobial inoculation 

(Elsayed et al., 2015). Muhammad et al. (2013) also reported inoculation of mung bean with 

Rhizobium and PGPR alone or in combination improved the number of nodules significantly 

compared with un-inoculated plants up to 269-342%. In chick pea grown under field condition, 

significant increase in nodule number (79) due to co-inoculation of Rhizobium and Pseudomonas 

fluorescence as compared to the control (47) was reported by Verma et al. (2010). Other studies 
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on soybean by Son et al. (2006) and Amule et al.(2017) reported the dual inoculation of 

Bradyrhizobium japonicum and phosphate solubilizing bacteria significantly increased Soya 

bean nodule number by 45%.  

 

Table 4.3.The effect of single and co-inoculation of Rhizobium and phosphate solubilizing 

Pseudomonas sp. on plant height, nodulation, and shoot dry weight (2 locations data pooled 

together) 

 Treatments  PH (cm) NN/P NDW/P (mg) SDW/P (g) 

RHU22 131.5
a
 46

b
 160

b
 8.33

e
 

RHU35 132.6
a
 50.5

b
 155.8

b
 10.31

ac
 

RM 130.33
a
 56.16

ab
 160.16

b
 9.33

ce
 

RHU22PsHU2 129.3
a
 58.66

ab
 131

c
 8.63

de
 

RHU22PsHU6 124.3
a
 58.83

ab
 166.16

b
 8e 

RHU35PsHU2 135.16
a
 62.3

a
 191.5

a
 11.55

a
 

RHU35PsHU6 127
a
 64.33

a
 164.33

b
 10.93

ab
 

RMPsHU2 128.5
a
 54.5

ab
 167.33

b
 11

ab
 

RMPsHU6 133.3
a
 54

ab
 189.66

a
 9.88

bd
 

Negative 110.8
b
 15.83

c
 66.83

d
 5.18f 

Positive 130.6
a
 11.33

c
 50.66

d
 10

.
78

ab
 

Mean  128.5 48.41 145.8 9.45 

CV  7.55 26.1 11.89 12.68 

LSD 11.31 14.72 20.19 1.39 

 

Means followed with the same letters in a column are not significantly different at P<0.05 level 

PH =Plant height, NN/P =Nodule number per plant, NDW/P = Nodule dry weight per pant 

(mg/plant), SDW/P- shoot dry weight per plant 

 

Data of nodule dry weight on locations showed significant difference at P < 0.5, however, 

location interaction with treatment did not show significant (Appendix Table 4.1).This might be 

associated with the moisture difference of the two environments. The nodule dry weights among 

treatments showed variation from 65mg/plant to 191.5mg/plant Table 4.3. The highest mean 

nodule dry weight was recorded from inoculated plants with combined inoculation of 

RHU35PsHU2 and RMPsHU6 were 191.5 and189.7 mg/plant nodule dry weight, respectively, 
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where as the least one is obtained from control treatment. This suggest that the presence of native 

rhizobia of field pea in the experimental soil is of inadequate number, having a low efficiency of 

nitrogen fixation indicating that the necessity for inoculation with effective strains of Rhizobium 

leguminosarum. However, the inoculated plants did not show any significant difference in 

nodule dry weight with some dual inoculated plants, except that RHU35PsHU2 and the standard 

inoculum RMPsHU6 showing 24 and 20% increase over the single inoculated treatments (Table 

4.3). In line with this, Aung et al. (2013) reported that co-inoculation of soybean with 

Bradyrizhobium japonicum CB 1809 and Azospirillum sp significantly increased nodule dry 

weight by 26.51 and 18.83% over single inoculation. Similarly, Elkoca et al. (2008) reported 15-

22% increase over single inoculation in nodule dry weight in common bean due to dual 

inoculation of Rhizobium with Bacillus subtilus and Pseudomonas sp. Furthermore, the nodule 

dry weight was significantly and positively correlated with nodule number (r = 0.83**, 

P<0.0001) and shoot dry weight (r = 0.46
*
, P<0.05 (Appendix Table 4.4). 

 

4.3.2.2. Shoot dry weight 

 

Almost all of the single and dual inoculations of the tested isolates showed higher plant shoot dry 

matter accumulation compared to the negative control (Table 4.3).The mean shoot dry weight of 

single inoculation did not show variations between single inoculated and co-inoculated plants 

with RHU35, and RHU22. However, both inoculations with RHU35 displayed the highest shoot 

dry matter over the other treatments. Similarly, the co-inoculated plants with RM showed a 20 

times increase in SDW over the single inoculated ones. However, the inoculated plants with 

RHU22 showed the lowest SDW of all the inoculation treatments. In general, the treated plants 

were in par with the positive control plants (Table 4.3). 

 

Similar findings were obtained from co-inoculation of rhizobia strains and plant growth 

promoting rhizobacteria (PGPR)  in which a higher shoot dry weight of common bean (1-2%) as 

compared to single rhizobia inoculation was recorded (Korir et al., 2017). Co-inoculation of 

Rhizobium with pseudomonas sp enhanced the shoot dry weight as compared to Rhizobium 

inoculation alone. This may be due to direct and indirect enhancement of plant growth by a 

variety of mechanisms such as production of growth promoting substance and solubilization of 
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minerals such as P (Verma et al., 2012). Furthermore, shoot dry matter was positively correlated 

with pod per plant (r = 0.70***, P < 0.001), seed per pod (r = 0.66*, P< 0.001), and grain yield (r 

= 0.65* P< 0.001 (Appendix Table 4.4). 

 

4.3.3. Effect of inoculation on yield-related parameters 

 

ANOVA showed statistically no significant difference between locations except hundred seed 

weight among the characteristics of investigated (Appendix Table 4.2). This might be associated 

with the ability of isolates to withstand different locations effectively. They could be a potential 

inoculant across different sites which are similar with such environment. 

 

4.3.3.1. Pod per plant and seed per plant 

 

Data of the pod per plant is presented in Table 4.4. All single and dual inoculations significantly 

(P<0.05) increased pod per plant as compared to the negative control of uninoculated plants 

(Table 4.4). The pod per plant of the inoculated plants showed variations from 17.3 to 22.03 pod 

per plant indicating 11-20% increase between single and dual inoculations. The highest pod per 

plant was recorded from dual inoculation of RHU35, the standard inoculant RM with both p- 

solubilizers, and the positive control plants.  

 

An increase of  4.9-22.5% pod per pant between single and dual inoculations of chickpea with 

Rhizobium, Pseudomonas sp. (M-3), Bacillus sp (OSU-142), and Pseudomonas sp. (M-3) under 

field conditions (Elkoca et al., 2008), and co-inoculation using Rhizobium and PSB (Tagore et 

al., 2013) were reported. Although, co-inoculation increased the pod number twice as much as 

the negative control plants, it did not show any significant (P <0.05) difference with fertilized 

positive control plants. However, on soya bean plant Anteneh, (2012) reported that inoculation 

with Rhizobium (TAL-378) and PSB increased number of pods twice as much as the negative 

control and by 47.6% as compared to N fertilized plants. Some authors suggested that the 

production of growth promoting substances (phytohormones) might increase the number of pods 

per plant (Geneva et al., 2006). Number of pods per plant was positively and significantly 



102 
 

 

correlated with grain yield (r = 0.87***, P< 0.001), nodule number (r = 0.49*, P < 0.001), and 

seed per pod (r = 0.75**, P < 0.001) (Appendix Table 4.4). 

 

Table 4.4. The effect of single and co-inoculation of Rhizobium and phosphate solublizing 

Pseudomonas sp. on pod per plant, seed per pod, grain yield and hundred seed weight of field 

pea (Pisum sativum ) (2 location data pooled together). 

 

 Treatments  PPP SPP GY(kg/ha) HSW(g) 

RHU22 17.3
g
 4.83

bc
 1777.33

e
 23.88

c
 

RHU35 17.52
fg

 5.03
ac

 1914.66
d
 23.86

c
 

RM 18.46
ef

 5.05
ac

 1821.16
e
 23.89

c
 

RHU22PsHU2 21.36
ab

 5.01
ac

 2152.83
b
 24.09

bc
 

RHU22PsHU6 19.68
cd

 4.75
c
 2029.33

c
 23.81

c
 

RHU35PsHU2 21.58
a
 5.41

a
 2147

b
 24.68

ab
 

RHU35PsHU6 19.08
de

 4.98
ac

 2135.33
b
 24.28

bc
 

RMPsHU2 20.4
bc

 5.33
ab

 2225
a
 24.34

ac
 

RMPsHU6 22.03
a
 5.31

ac
 2125

b
 24.95

a
 

Negative 9.2
h
 3.66

d
 1425

f
 22.53

d
 

Positive 21.4
ab

 5.08
ac

 2140.83
b
 24.35

ab
 

Mean  18.91 4.953 1990.3 24.06 

CV 5.107 10.036 2.4142 2.31 

LSD 1.1255 0.5792 55.985 0.6496 

 

Means followed with the same letters in a column are not significantly different at P<0.05 level 

PPP = Pod number per Plant, SPP = Seed per pod, GY = Gain Yield, HSW = Hundred Seed 

Weight  

 

All single and dual inoculated plants significantly increased (45-67%) seed per pod as compared 

to the negative control (uninoculated plants) (Table 4.4). The seed per pod, in general, showed 

slight, but not significant variation (4.8-5.4 SPP) amongst the treatments (Table 4.4). This is 

contrary to the report of Anteneh, (2012) who reported that dual inoculation of rhizobium (TAL-

378) with PSB increased number of seed per pod per plant of soya bean by 125.6% over the 

negative control, and 46.2% as compared to N fertilized plants. This variation might be soya 

bean is more responsive crop than pea plants to inoculation. Furthermore, seed per pod was 

positively correlated with pod per plant (r = 0.75**, P < 0.001), grain yield (r = 0.69**, P < 

0.001), and plant nitrogen in straw (r = 0.63**, P < 0.001) (Appendix Table 4.4). 
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4.3.3.2. Grain yield and hundred seed weight 

 

Result on grain yield is presented in Table 4.4. All single and dual inoculation of treatment 

significantly increased grain yield (more than 1.5 times) as compared to the negative control 

plants (Table 4.4). The grain yield of the inoculated plants showed variation from 1777.3Kgha
-1

 

to 2225Kgha
-1

 showing a 25% increase between the highest and lowest green yield obtained 

from the inoculated plants. The plant treated with dual inoculation of RHU35PsHU2 (2147Kgha
-

1
), RMPsHU6 (2135.33 Kgha

-1
) and RHU22PsHU2(2152.83 Kgha

-1
) were similar in grain yield 

with the positive control treatment (2140.83Kgha
-1

)whereas the grain yield of plant treated with 

dual inoculation of RHU35PsHU6 was higher than the grain yield of the n-fertilized plants by 

3.9%.  

 

Similarly, Yadegari and Asadi (2010) observed that the highest seed yield of 4693.29 Kg/ha was 

obtained from common bean plants inoculated with dual inoculation of Rhizobium (Rb-133) and 

Pseudomonas fluorescens (P-93) showing a 240% increase over negative control (1381.18 

Kg/ha). However, the pattern of 25% of grain yield obtained was similar with the 37.26% of 

chickpea grain yield obtained due to co-inoculation of Rhizobium sp. with Pseudomonas 

fluoresens over uninoculated control (Verma et al., 2010). However, much greater grain yield 

was obtained in   comparing with the cowpea grain yield obtained by Girmaye et al. (2017) 

which was 1% due to   co-inoculation of rhizobium sp Bradyrhizobium with Pseudomonas 

putida over uninoculated control. However, in this study, the pattern of 3.9% of grain yield 

obtained as result of co-inoculation of rhizobium with Pseudomonas over n-fertilizer treated 

control was lower than 15-19% of soya bean grain yield obtained due to rhizobial and PSB over 

n-fertilized control (Ngoc et al. 2016).  

 

The highest seed yield obtained from the present study was similar with seed yield obtained by 

Getachew (2009) reported that the highest seed yield of field pea (2256kg/ha) at rate of 20 Kg/ha 

of phosphate fertilizer applied, however, much lower than that of the highest seed yield (4170 

kg/ha) obtained by Merkine (2017) from Burkitu variety of field pea at Adiyo District, South 

western Ethiopia. Therefore, the present study of dual inculcation of Rhizobium and 

pseudomonas sp. (RHU35PsHU2, RMPsHU6 and RHU22PsHU2) partly could be tolerant to soil 
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acidity of the study area and supply N and P for the legumes crops resulting increase in growth 

and yield. 

 

The increase in seed yield might be attributed to the increased availability of N and P in soil 

which resulted in higher growth, development and finally yield (Tagore, 2013). In general, 

combined inoculations with N2-fixing and P-solubilizing bacteria were more effective than single 

inoculation (Elkoca et al., 2008). Zhang et al. (2008) also pointed out that the increasing yield 

was due to the formation of more pods per plant and more seeds per plant. The grain yield was 

positively correlated with hundred seed weight (r = 0.68** P<0.01), plant PN in straw (r = 

0.82***, P<0.001) and plant total nitrogen in grain (r = 0.85***, P<0.001) (Appendix Table 4.4). 

 

Data of hundred seed weight on locations showed significant difference at P < 0.5, however, 

location interaction with treatment did not show significant (Appendix Table 4.2). This might be 

associated with the moisture difference of the two environments. The mean of hundred seed 

weight is presented in Table 4.4. Accordingly, inoculated plants showed significant (P < 0.05) 

difference among the treatments, except the slightly more than 10% increase over uninoculated 

negative control plants. However, the pattern of hundred seed weight of 10% was similar to 

hundred seed weight of 6.3% of fenugreek with co-inoculation of rhizobium TAL380 with BMP 

over uninoculated control (Rugheim et al., 2017). Similarly, Rugheim and Abdelgani (2012) also 

reported co-inoculation of faba bean with rhizobium (ENRRI9) and PSB2 resulted in 2% in 

hundred seed weight as compared to the uninoculated control. The increase in hundred seed 

weight might be due to phosphorus and nitrogen supply and uptake might have increased the 

supply of assimilates to seed, which ultimately gained more weight (Ali et al., 2004). 

  

4.3.4. Effect of inoculation on plant nitrogen and phosphorus content 

 

4.3.4.1. Nitrogen contents in straw and grain 

 

Inoculation of field pea with Rhizobium isolates and Pseudomonas spp. significantly (P < 0.05) 

increased total nitrogen as compared to uninoculated plants (Table 4.5). The total nitrogen 

content in straw of the treated plants ranged from 2.66 to 4.42%, which is a 40-133% increase 
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over the negative control treatment. Among the treated plant, the highest plant total nitrogen in 

straw was recorded from dual inoculation of RHU35PsHU6 (4.42%) and RHU35PsHU2 

(4.35%). 

 

The dual inoculation of RHU35 and the standard inoculum RM with PsHU6 increased PNS by 

23 and 35%, respectively compared with the single inoculation with rhizobia alone and by 7 and 

5% as compared to   N-fertilized plants. This means the co-inoculation of field pea with rhizobia 

improved plant growth and nitrogen content of the crop compared to the single inoculation. This 

is in line with the findings of Tilak et al. (2006) who reported that  the synergistic effects of 

inoculating Pigeon pea with Pseudomonas putida and rhizobium significantly improved the crop 

PTNS by more than 55%. Similarly, Anteneh (2012) reported accumulation of significantly 

higher shoot nitrogen (4.05 %) by soybean plants inoculated with rhizobia and phosphate 

solubilizing bacteria compared to nitrogen supplied plants (3.14 %). 

 

Plants treated with inoculation and N-fertilizer accumulated grain total nitrogen (PNG) ranging 

from 3.24-4.83% (Table 4.5). This showed an increase between 62-142% compared to the 

uninoculated negative control plants. The co-inoculated plants also showed 13-17% more PNG 

than the single inoculation with rhizobia and enhanced PNG by 3-5% over nitrogen supplied 

plants. 

 

Amule et al. (2017) reported that dual inoculation of plant growth promoting strains of 

Rhizobium and Pseudomonas increased PNG of chick pea grown under field condition by 25% 

over un-inoculated plants. The huge difference in PNS and PNG in this study was much higher 

than grain and straw nitrogen of 43.46 and 44.03% for with dual inoculation of Rhizobium 

sp.BHURC01 and P.fluoresens over uninoculated control (Verma et al., 2010). This might be 

associated with increased available P content of the soil due to the inoculation of PSB thereby 

increasing symbiotic effectiveness of Bradyrhizobium japonicum and the amount of N fixed 

(Sandeep et al., 2008). 
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In general, co-inoculation of field pea with rhizobia and Pseudomonas sp. is recommended as 

better alternative to improve growth and BNF as compared to the individual rhizobial 

inoculation.  

 

4.3.4.2. Phosphorus contents in straw and grain 

 

Inoculation of Rhizobium strains with phosphate solublizing Pseudomonas sp. significantly 

increased plant phosphorus in straw (PPS) and grain (PPG) as compared to the negative control 

of uninoculated plants (Table 4.5). The plant phosphorus in straw of the treated plants showed 

variations from 1325.67 mgkg
-1

 to1721.67 mgkg
-1

whereas the plant phosphorus in grain  showed 

variation from 1824 to 2461.7 mgkg
-1

.The single rhizobium inoculated plants and the RHU22 

co-inoculated plants with PSB did not show significant variation in PPS whereas the dual 

inoculated plants increased PPS by 23-37% over the negative control plants (Table 4.5).The 

highest plant phosphorus in straw was recorded from dual inoculation of RHU35PsHU6 

(1721.67mgkg
-1

) followed by RMPsHU6 (1553.17 mgkg
-1

) and RHU35PsHU2(1543.33 mgkg
-1

) 

and the positive control treatment (1453.8mgkg
-1

) (Table 4.5). 

 

Table 4.5.The effect of single and co-inoculation of phosphate solubilizing Pseudomonas sp. and 

Rhizobium on plant total nitrogen and grain  nitrogen, and plant phosphorus in straw and grain of 

pea plant(2 location pooled data) 

 Treatments  PNS (%) PNG(%) PPS(mg/kg) PPG (mg/kg) 

RHU22 2.66
g
 3.62

g
 1256.66

d
 1824

c
 

RHU35 3.59
c
 3.23

i
 1330

cd
 1854.83

c
 

RM 3.17
e
 3.84

e
 1283.5

d
 1881

bc
 

RHU22PsHU2 3.2
e
 3.88

e
 1310.83

cd
 1825.83

c
 

RHU22PsHU6 2.89
f
 3.72

f
 1299.5

d
 2019

b
 

RHU35PsHU2 3.31
d
 4.83

a
 1543.33

b
 2336.66

a
 

RHU35PsHU6 4.35
a
 3.43

h
 1553.16

b
 2272.33

a
 

RMPsHU2 3.37
d
 4.36

c
 1721.66

a
 2361.66

a
 

RMPsHU6 4.41
a
 4.27

d
 1325

cd
 2215

a
 

Negative 1.9
h
 1.98

j
 1253.33

d
 1537.5

d
 

Positive 4.13
b
 4.6

b
 1453.83

bc
 2246.16

b
 

Mean  3.36 3.80 1393.71 2034 

CV  1.67 1.85 9.25 6.60 

LSD 0.06 0.082 150.28 156.54 

Means followed with the same letters in a column are not significantly different at P<0.05 level 
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PNS = Plant nitrogen in straw, PNG = plant nitrogen in grain, PPS= Plant Phosphorus in straw, 

PPG = Plant Phosphorus in Grain. 

 

The treated plants also showed significant variation on plant phosphorus content in grain (PPG) 

ranging from 1824mg/kg (inoculated with RHU22) to that of 2361mg/kg inoculated with 

RHU35PsHU6 and N-fertilized plants showing a 54% increase over the uninoculated control 

plants (Table 4.5). All the other co-inoculated and N-fertilized plants also showed 22-25% 

difference in PPG over the single inoculated plants. 

 

Dey et al. (2004) reported increased growth and phosphorous uptake in peanut inoculated with 

Pseudomonas fluorescens (18-24%). Verma et al., (2010) showed a similar pattern of 43.5% and 

35.02% phosphorus contents in grain and straw from common bean plants inoculated with 

Rhizobium sp.BHURC01 and P. fluorescens over un-inoculated control. Co-inoculation 

frequently increases growth and yield compared to single inoculation provided that the plants 

receive balanced nutrition, and improved absorption of nitrogen, phosphorus, and other mineral 

nutrients (Araujo et al., 2009). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



108 
 

 

4.4. Conclusion 

 

An investigation of best performing single and dual inoculants of selected rhizobium sp. and 

pseudomonas sp. on growth and yield of field pea was carried out under field conditions of 

Jimma Rare and Holeta in Ethiopia. The present study showed that treatment with single and 

dual inoculations with Rhizobium sp. and pseudomonas sp. significantly vary in terms of all 

growth parameters except plant height among inoculants and also increased all growth 

parameters of field pea over the control treatment. Inoculation of improved Burkitu cultivar of 

field pea with the two rhizobia strains (RHU35 and RHU22) performed at par with inoculation 

with the reference strain (RM), both of which enhanced growth and yield-related parameters over 

the control treatment. In general, combined inoculations with N2-fixing and P-solubilizing 

bacteria were more effective than single inoculation due to supply of both Nitrogen and 

phosphorus for the plants. The PsHU2 and PsHU6 strains can be used together with the tested 

RHU35 and Reference (RM) strains to improve performance of field pea in P and N deficient 

soils. Generally, to realize the performance of the isolates for future inoculants preparation, the 

best performing dual isolates of RHU35PsHU6, RHU35PsHU2 and single RHU35 can then be 

recommended for further test on several pea varieties in field trials and enhance plant growth 

promoting and production. This can partly contribute to the integrated soil fertility management 

efforts in the low-input agriculture of the country. 
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5. GENERAL SUMMARY AND CONLUSION 

 

Most Ethiopian soils are similar to the agricultural soils of other countries in the tropics, are 

generally low in nitrogen and phosphorus. Their deficiencies are the most important factors 

limiting soil fertility in most Ethiopian soils. An estimated soil nutrient loss from the highlands 

of Ethiopia was an excess of 80 kg of N per cultivated hectare. The East Wollega and Horro 

Guduru Wollega zones are also one of the soil fertility depletion and soil acidity areas due to 

high rain fall and inadequate soil management practices and, as a results crop production 

becoming low. Nitrogen (N) and phosphorus (P) deficiency is one of the main constraints for 

crop production. In the country including the East and Horro Guduru Wollega zones, Urea and 

DAP were employed to solve the fertility problem, However, indisputable crop yield differences 

have been made through application of urea for decades, unbalanced use of fertilizers has led to 

reduction in soil fertility, environmental degradation and soil acidity problem. Moreover, the 

price of mineral fertilizers has tremendously increased and reached to the level that a good 

proportion of the subsistence farmers often face difficulty to purchase and utilize it. Therefore, 

screening the effective, highly acidic tolerant species and low cost of Rhizobium and plant 

growth promoting rhizobacteria inoculants are required to increase soil fertility and crop 

productivity using field pea crops in the area. Therefore this study was conducted. 

 

To characterize (1) effective rhizobia that enhance the growth and nitrogen content of field pea 

(Pisum sativum) from selected districts, (2) identify effective phosphate solubilizing bacteria and 

plant growth promoting rhizobacteria properties of field pea rhizosphere (3) Evaluate  single and 

co-inoculation effect of Rhizobium and phosphate solubilizing bacteria (Pseudomonas sp.) 

isolates on growth and yield of field pea (Pisum sativum). In 2014/15, from 36 farm land of six 

districts, field pea nodules for rhizobia isolation and characterization, field pea rhizosphere soils 

for plant growth promoting rhizobacteria and soil sample for nutrient analysis were collected. 

Isolation and characterization of both Rhizobium and plant growth promoting rhizobacteria and 

evaluation of their symbiotic effectiveness was performed in green house in 2014-2015, field 

work and laboratory experiments were conducted in 2015-2016 year.  
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A total of 36 samples for field pea nodules were collected from which 32 isolates were 

characterized based up on their phenotypic and 29 isolates evaluated for symbiotic efficiency. 

Most of the isolates were grown at different pH, NaCl and temperatures levels. They were also 

capable of growing on most of carbon sources and all of the nitrogen sources, and showed 

significant variations in resisting different types of antibiotics and heavy metals. They showed 

significant variations in their symbiotic effectiveness in nitrogen fixation and enhancing growth 

of the pea cultivar Burkitu plants compared to the uninoculated and non-fertilized control plants 

on sand culture under greenhouse conditions. Although, on the average 94.4% of the pea 

rhizobial isolates in the soils of major growing areas in the study area were effective and very 

effective.  

 

In addition, a total of 36 samples of plant growth promoting rhizobacteria of field pea 

rhizosphere were collected and isolated, from which 11 isolates showed the highest halo zone on 

Pikovskaya medium and then identified in to six genera based on morphological, physiological 

and biochemical parameters. Pseudomonas spp. and Bacillus spp. were the dominant genera. 

Then, the 11 isolates were further characterized for their plant growth promoting properties and 

P-solubilization efficiency on solid and liquid Pikovskaya medium containing TCP, AlPO4 and 

FePO4. The isolates showed significant difference in solubilizing P resulting pH changes in the 

supernatant of all liquid medium while being almost stable in control treatment. In similar trend, 

almost all isolates were released high, moderate and low P in medium containing TCP and 

AlPO4 and FePO4 over entire incubation period, respectively. In liquid media, isolate PSHU6 

and PSHU2 was most efficient in solubilizing TCP, AlPO4 and FePO4 over incubation period. In 

the same case, PsHU2 and PsHU6 showed strong P solubilizing efficiency from TCP, FePO4 and 

AlPO4 and followed by isolate PSHU4. Generally, based on in vitro test, the isolate PsHU2, 

PsHU6 and PsHU4 can perform best in alkaline and acidic environments and they possesses 

multiple plant growth promoting properties. Therefore, PsHU2, PsHU6 and PsHU4 can be 

deserve for recommendation to test their phosphate solublizing efficiency and plant growth 

promoting using field pea crop varieties  under green house and field conditions. 
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ANOVA showed statistically no significant differences between locations among the 

characteristics of investigated except Nodule dry weight and hundred seed weight. Single and 

dual inoculations with Rhizobium and Pseudomonas sp. significantly (P<0.01) increased all 

parameters investigated as compared with uninoculated treatments. The highest mean nodule 

number per plant, nodule dry weight and shoot dry weight were 64.33 (RHU35PsHU6), 191.5mg 

(RHU35PsHU2) and 11.55 g/plant (RHU35PsHU2), respectively. The highest mean nodule 

number per plant, nodule dry weight and shoot dry weight were 64.33 (RHU35PsHU6), 

191.5mg/plant (RHU35PsHU2) and 11.55 g/plant (RHU35PsHU2), respectively. The highest 

mean pod per plant, seed per pod and grain yield were 22.03 by RHU35PsHU2, 5.41 (RHU35) 

and 2225.0 kgha
-1

(RHU35PsHU6). However, the highest mean plant tissue nitrogen and plant 

phosphorus were 4.42% (RHU35PsHU6) and 1721.67mgkg
-1

(RHU35PsHU6), respectively. The 

best performing strains, RHU35PsHU6, RHU35PsHU2, RMPsHU2, and RHU35 can be 

recommended for multi-location trials over seasons. 

 

Based on the finding of this study, the following recommendations are forwarded: 

 

1. The best performing isolates (RHU22, RHU18, RHU35, RHU3 and RHU29) can then be 

recommended for further test on several pea varieties in field trials and enhance biological 

nitrogen fixation and field pea production. 

2. Generally, based on in vitro test, isolates PsHU2, PsHU6 and PsHU4 can perform best in 

alkaline acidic environments and they showed multiple plant growth promoting properties, 

and deserve for recommendation to test their phosphate solublizing efficiency and plant 

growth promoting using field pea crop varieties under green house and field conditions. 

3. The best performing dual isolates of RHU35PsHU6, RHU35PsHU2 and single RHU35 can 

then be recommended for further test on several pea and other crop varieties in field trials 

and enhance plant growth promoting and production. 
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6. APPENDICES 

Appendix Table 2.1 Mean square value of Rhizobium inoculation and control treatment on plant 

height (PH), nodule number (NN), shoot dry weight (SDW) and plant tissue nitrogen ( of field 

pea plant on sand experiment under green house (n=31) 

  Mean square 

ANOVA  df PH NN NDW SDW PTN Probability 

level  

Treatment  30 470.28* 1670.81** 5041.22** 0.86** 0.82** P < 0.5 

Error 62 114.559 30.9355 2399.33 0.04723  

RMSE  10.7032 5.56197 6.22085 0.21733 0.22821 

PH = plant height, NNPP = nodule number per plant, NDW = nodule dry weight, PTN = plant 

tissue nitrogen  

 

Appendix Table 3.1. Mean square value of effect of phosphate solubilizing bacteria on 

solubilization of Ca3(PO4)2, AlPO4 and FePO4  (n=12) 

 Mean square  

Probability level ANOVA df Ca3(PO4)2 AlPO4 FePO4 

Treatment  11 1532** 312.4* 184.3** P < 0.5 

Error 24 1.082 1.082 0.266 

RMSE  1.04 60.61 .516 

 

Appendix Table 4.1. Mean square value of single and co-inoculation effect of Rhizobium and 

phosphate solubilizing Pseudomonas sp. on plant height, nodulation, shoot dry weight and 

symbiotic effectiveness (2 location data pooled) n= 11) 

  Mean square  

Probability 

level 
ANOVA  df PH NN NDW SDW 

Location 1 0.242 276.1 3712.5* 5.18 P < 0.5 

Replication  2 656.1 246.3 202.2 0.61 

Treatment 10 260.8* 1942** 12749** 20.37** 

location*treatment 10 104.4 119.7 399.2 0.30 

Error   42 94.3 159.6 300.3 1.43 

RMSE  9.711 12.63 17.33 1.19 

PH = plant height, NN = nodule number, NDW = nodule dry weight, SDW = shoot dry weight 
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Appendix Table 4.2. Mean square value of single and co-inoculation effect of Rhizobium and 

phosphate solubilizing Pseudomonas sp.on yield-related parameters (2 location data pooled) n= 

11) 

  Mean square  

Probability 

level 
ANOVA  df PPP SPP GY HSW 

Location 1 0.121 0.0547 25.47 1.57* P < 0.5 

Replication  2 0.887 0.0347 1951.1 0.631 

Treatment 10 78.59** 1.343** 341198** 2.33** 

location*treatment 10 0.347 0.1164 2068.8 0.059 

Error   42 0.933 0.24707792 2308.8 0.3108 

RMSE  0.966 0.4971 48.05 0.557 

PPP = pod per plant, SPP = seed per pod, GY = Grain yield, HSW = hundred seed weight   

 

Appendix Table 4.3. Mean square value of single and co-inoculation effect of Rhizobium and 

phosphate solubilizing Pseudomonas sp. on plant nitrogen, grain nitrogen, shoot phosphorus and 

grain phosphorus (n =11) 

  Mean square  

Probability 

level 
ANOVA  df PNS PNG        PPS PPG 

Location 1 0.00994 0.01339 7530.68 2424.24 P < 0.5 

Replication  2 0.00153 0.00784 3813.92 6549.68 

Treatment 10 3.39** 3.64** 140484.47** 433938.8** 

location*treatment 10 0.00284 0.00546 17583.8 13906.8 

Error   42 0.00319 0.00498 16636.5 18050 

RMSE 0.05 0.071 0.695 134.4 0.056 

PNS = plant nitrogen in straw, PNG = plant nitrogen in grain, PPS = plant phosphorus in straw, 

PPG = plant phosphorus in grain. 
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Appendix Table 4.4. Pearson correlations matrix of effect of co-inoculation of phosphate solubilizing Rhizobium and Pseudomonas sp. 

on yield-related parameters plant nitrogen, grain nitrogen, shoots phosphorus and grain phosphorus 

  SHL NNP NDW SDW PPP SPP GY HSW PNS PNG PPS PPG 

SHL             

NNP 0.30            

NDW 0.35 0.83***           

SDW 0.27 0.39 0.46          

PPP 0.37 0.49 0.53* 0.70**         

SPP 0.36 0.56 0.53 0.66* 0.75*        

GY 0.38 0.58 0.53* 0.65* 0.87*** 0.69*       

HSW 0.21 0.43 0.37 0.42 0.64 0.49 0.68*      

PNS 0.33 0.48 0.47 0.72 0.74 0.63 0.82 0.57     

PNG 0.37 0.47 0.51 0.71 0.86 0.66 0.85 0.64* 0.88    

PPS 0.13 0.31 0.13 0.31 0.31 0.21 0.4 0.16 0.51 0.4   

PPG 0.17 0.31 0.28 0.51 0.68 0.42 0.68 0.39 0.65 0.61 0.6   

Slightly significant *, moderately significant**, highly significant***  
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