
 

 

Available online freely at www.isisn.org 

Bioscience Research 
Print ISSN: 1811-9506 Online ISSN: 2218-3973 

Journal by Innovative Scientific Information & Services Network  

RESEARCH ARTICLE             BIOSCIENCE RESEARCH, 2020 17(2): 1498-1510.         OPEN ACCESS 
                                                                                         
 

Potential of native rhizobia isolates to improve 
production of legume crops in small holder farms 

Abdul A. Jalloh, Ezekiel Mugendi Njeru*and John M. Maingi 
 
Department of Biochemistry, Microbiology, and Biotechnology, Kenyatta University, P.O Box 43844-00100, Nairobi-
Kenya 
  
*Correspondence: njeruezek@gmail.com Received 19-03-2020, Revised: 20-06-2020, Accepted: 26-06-2020 e-Published: 30-
06-2020 

In sub-Saharan Africa, crop production has continued to decline due to soil infertility, limited arable land, 
among other factors. This has necessitated the use of inorganic farm inputs, which are expensive and 
have detrimental environmental effects. Rhizobia technology can enhance legume crop production. The 
present study aimed at assessing the potential of native rhizobia isolates from different Kenyan agro-
ecological zones to enhance legume production. Native rhizobia were isolated from root nodules of 
cowpea grown in soils from Embu and Tharaka Nithi counties. Based on morphological and biochemical 
characteristics, 53 bacterial isolates were identified and placed into 11 groups. The isolates were tested 
for symbiotic efficiency in the greenhouse using Glycine max, Vigna unguiculata, and Vigna 
radiata grown in sterilized and unsterilized soils. The treatments comprised native rhizobia isolates, 
commercial rhizobia inoculum and un-inoculated control. The experiments were laid out in a completely 
randomized design with four replicates. Remarkably, forty five rhizobia isolates induced nodulation and 
influenced the growth of the test crops. Symbiotic efficiencies differed among the isolates (p<0.05) in all 
the crops. There was a significant difference on growth parameters between sterilized and unsterilized 
soils after inoculating the test crops with native rhizobia isolates (p < 0.05). Some native rhizobia isolates 
such as IsAS11, IsM and IsAS14 performed similarly to the commercial inoculum in soya bean, cowpea 
and green gram. These findings demonstrate the potential use of native rhizobia isolates in the 
development of low-cost biofertilizers for enhanced smallholder legume production.  
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INTRODUCTION 

Grain legumes such as soya bean (Glycine 
max (L.) Merr.), green gram (Vigna radiata (L.) 
Wilczek) and cowpea (Vigna unguiculata (L.) 
Walp) forms one of the primary sources of protein 
for low-income rural populations. These legumes 
are also important to human health due to their high 
nutritional value (Mathu et al., 2012). For instance, 
green gram is one of the oldest nutritious pulse 
crops and has a high level of protein (25%). The 
crop also contains an estimated 1.3% fat, 3.2% 
dietary fibre and 57% carbohydrates (Singh et 
al., 2016). On the other hand, soya bean contains 

about 40% protein, 34% carbohydrate and 21% oil 
content (Medic et al., 2014). Besides, cowpea 
have been profiled to be rich in proteins, 
carbohydrates and amino acids (Kaur et al., 2018). 
These crops, in most countries, serve as a source 
of food for human and feeds livestock (Jackson, 
2016). 

In Kenya, soya bean, cowpea and green gram 
are cultivated in different agro-ecological zones by 
smallholder farmers as a source of food and 
livelihood (Jackson, 2016). Even though the annual 
production of legumes in Kenya is ranked among 
the best in sub-Saharan Africa, there is still a 
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significant gap to meet the demand due to the 
growing population (Ndungu et al., 2018). In 
addition, smallholder farmers have limited 
resources to purchase inorganic fertilizers despite 
their detrimental effects to the soil and 
environment. There is therefore, need to 
strengthen legumes production using sustainable 
farming systems that are affordable.  

Grain legumes can yield more if they are 
inoculated with effective nitrogen fixing rhizobia 
(Meena et al., 2018; Menge et al., 2018). According 
to Koskey et al., (2017), the use of beneficial soil 
microorganisms has potential to improve soil 
fertility, nitrogen fixation and plants yield. 
Biofertilizers such as native rhizobia are affordable 
and easy to use, hence best alternative for 
inorganic chemical fertilizers (Bhardwaj et al., 
2014). Native rhizobia for instance, are prevalent in 
soil where they provide essential services in the 
functioning of agroecosystems. Some rhizobia 
have the potential to cross inoculate with a wide 
range of legumes through formation of symbiotic 
associations (Mathu et al., 2012). In return, these 
associations can contribute to soil fertility through 
biological nitrogen fixation. Clúa et al., (2018) have 
also reported the potential of rhizobia in restoring 
deficiency of nitrogen in soil from different agro-
ecological zones via biological nitrogen fixation.  

This study supports previous studies by 
Mathu et al., (2012); Muthini et al., (2014); and 

Korir et al., (2017) who documented the potential of 
native rhizobia strains to increase the nitrogen 
content in the soil, and improve soil fertility and 
stability. Nonetheless, for rhizobia inoculants to 
effectively improve soil fertility and crops yield, they 
must be well adapted to the prevailing local 
environmental conditions (Bhardwaj et al., 2014). 
Based on this, the objectives of this study were to 
isolate native rhizobia isolates, to determine their 
morphological and biochemical characteristics and 
to establish their potential in improving legume 
crops production in smallholder farming systems.  
 
MATERIALS AND METHODS 

Study area 
Soil samples were collected from smallholder 
farms in Embu (S 0°29'3''  E 37°41'16''; S 0°29'8''  
E 37°41'24''; S 0°29'0''  E 37°41'18''; S 0°28'19''  E 
37°39'5'') and Tharaka-Nithi (S 0°9'35'' E 
37°49'30''; S 0°9'31'' E 37°50'40''; S 0°9'39''  E 
37°50'41''; S 0°10'11''  E37°49'21'') Counties (Fig. 
1). Previous studies have reported presence of 
rhizobia in these regions (Koskey et al., 2017; 
Menge et al., 2018). Furthermore, these regions 
have been classified as high potential agro-
ecological zones (Maingi et al., 2001). Laboratory 
and greenhouse experiments were carried out at 
Kenyatta University (1°0'59'' S 36°55'45''E). 
 

 

 
Figure 1: Map of Kenya showing the location of study areas; Embu and Tharaka-Nithi Counties 
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Soil sampling 
Ten farms at approximately 200 meters apart 

were identified for the collection of the soil samples. 
The soil samples were collected from 10 points 
across and diagonally in every farm at an interval 
radius of 5-20 meters using a soil auger. The soil 
auger was sterilized with 70 % ethanol between 
sampling points to avoid cross-contamination. Five 
soil sub-samples were separately obtained, at a 
depth of 0-30 cm following the clearance of organic 
matter from the soil surface at each sampling point. 
The five separately obtained soil-sub samples were 
then homogeneously mixed to constitute a 
composite sample from which 1500 g of soil was 
taken. The soils were separately packed in khaki 
bags and double sealed. The soil samples were 
then transported to Kenyatta University, 
Microbiology laboratory where trapping 
experiments and other analyses were carried out. 
Soil samples that were not used immediately were 
stored in the refrigerator at a temperature of 4 °C.  

Legumes pre-treatment and germination 
Soya bean (SB-126), Cowpea (K-80) and 

Green gram (Ks-20) seeds were obtained from 
Simlaw Seed Company, Nairobi, Kenya. The 
commercial reference isolates used; USDA110 
and CIAT899, and the vermiculite were obtained 
from MEA Fertilizer Ltd. Nakuru, Kenya. 
Vermiculite was put in Kilner jars and moistened 
with sterilized distilled water. It was then covered 
with aluminium foil and autoclaved at 125 °C for 15 
minutes at 15 atmospheres (psi) to remove all 
possible contaminants. Healthy seeds of 
cowpea with uniform size, colour and shape were 
selected and placed in a beaker separately. 
Surface sterilization of the seeds was carried out 
using 70% ethanol for 20 seconds and 3.0 % (v/v) 
sodium hypochlorite for 1 minute as described by 
Muthini et al., (2014). Seeds were then planted in 
sterilized Kilner jars and incubated at 28 °C for four 
days to attain uniform germination. 

The soils from the ten farms were used to fill 
the sterilized pots in the greenhouse. Cowpea was 
used as the trapping host. Three seedlings with 
radical of the same uniform size were transplanted 
to the pots assemblies. Pots were arranged in a 
complete randomized design (CRD) with four 
replicates. The plants were watered as needed and 
maintained for 45 days, when nodule assessment 
was done. The root nodules were detached from 
the plant roots and placed in a tissue paper to dry 
and later counted and stored at room temperature. 

Rhizobia isolation 
Native rhizobia were isolated from stored root 

nodules using Yeast extract mannitol agar (YEMA) 
prepared as described by Somasegaran and 
Hoben (1994). Healthy, firm and unbroken root 
nodules collected from the trap experiments at the 
greenhouse were obtained and placed in distilled 
water for two hours to imbibe. After, the nodules 
were immersed in 70% ethanol for 20 seconds to 
lower the surface tension. A solution of 3% (v/v) 
sodium hypochlorite was used to surface sterilize 
the nodules for 2 minutes, followed by washing six 
times in distilled water. Nodules were then crushed 
using a glass rod in 1ml of sterile distilled water. A 
full loop of the crushed suspension was then 
streaked on YEMA plates containing 0.0025% 
(w/v) Congo red dye. The inoculated YEMA plates 
were then incubated at 28 °C for three days and 
checked regularly for rhizobia growth (Zhong et al., 
2019). 

Authentication of rhizobia isolates 
Isolate authentication was carried out as 

described by Somasegaran and Hoben (1994). 
This was done in modified Leonard jars using 
vermiculite as substrate and nitrogen-free nutrient 
solutions. Un-inoculated plants were used as 
controls. The plants were harvested six weeks after 
planting and assessed for nodulation. At harvest, 
the seedling bag was removed from the 
vermiculite-root matrix, and a gentle stream of 
water from a hosepipe was used to wash off the 
vermiculite and expose the nodules. Nodules were 
carefully detached, counted and stored in labeled 
McCartney bottles containing silica gel for later 
isolation of rhizobia. Nodulation was scored as 
positive when a seedling had at least a single 
nodule, and negative when a seedling had not 
nodulated. 

Morphological and biochemical characteristics 
Morphological characteristics were used as a 

presumptive identification for rhizobia. This 
comprised colour change, opacity, colony elevation 
and consistency, texture, shape, size, exo-
polysaccharide gum, border, transparency and 
mucosity. Biochemical characterization comprised 
Bromothymol Blue Test (BTB), Congo red and 
Gram staining as described by Muthini et al., 
(2014). For BTB, the isolates were tested for acid 
or alkali production by growing them on YEMA with 
BTB indicator at pH 6.8. The cultures were 
incubated at 28 °C in a rotating orbital shaker for 5 
days. The isolates were allowed to grow and then 
characterized as acid-producing, alkali producing 
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or neutral, depending on colour changes observed 
in the media. Gram staining was carried following 
the method described by Sharma and Kumawat 
(2011). 

Symbiotic assessment  
A 500 g soil sample from the previously-stored 

1500 g mixture of the composite soil was obtained 
and sterilized. After, the soil was aseptically 
transported to the greenhouse where it was used 
to fill sterilized pots for planting. Legumes crops; 
soya bean, green gram and cowpea were used to 
set up the experiment. Four seeds were planted 
per pot, allowed to germinate and thereafter 
thinned to two. 

Pure rhizobia isolates were put in a universal 
jar containing Yeast extract mannitol broth (YEMB) 
and incubated at 28 ºC for two days. After 
incubation, they were transported to the 
greenhouse where inoculation was carried out. A 
measure of 1 ml of the culture was inoculated in 
each seedling around the rhizosphere as described 
by Vargas et al., (2017). The plants were harvested 
six weeks after inoculation and oven dried to 
constant weight. They were later weighed and 
scored for shoot and root dry weight. The native 
rhizobia isolates that out-competed or performed 
similarly to the commercial reference strains were 
purified and again inoculated in unsterile natural 
soils. This was done to test if the inoculated 
rhizobia isolates could survive and compete better 
in unsterile natural soils and significantly improve 
legume crop production in the presence of 
indigenous microbes (Menge et al., 2018).  

Data analyses  
Data on morphological characteristics of the 

isolates were coded into numerical values and 
used for cluster analysis. The phenograms were 
drawn based on a hierarchical cluster analysis 
using the Euclidean distance similarity and single 
linkage (nearest–neighbour) procedures on 
General statistics (GENSTAT) computer software 
version 10 (VSN International, 2011). Data on the 
number of nodules, root dry weight, nodule dry 
weight and shoot dry weight were analyzed using 
analysis of variance (ANOVA) with SAS 2nd Edition 
software version 9.1. Means separation was 
carried out using Tukey's Honest Significance 
Difference (HSD) at 5 % probability level.  

 
 
RESULTS  

Morphological and biochemical characteristics 
of rhizobia isolates 

In this study, a total of 53 native rhizobia were 
isolated, where 30 and 23 isolates were from 
smallholder farms in Tharaka Nithi and Embu 
County respectively. The isolates were placed into 
11 different groups, dubbed A-K, based on their 
differences in morphological clustered traits (Table 
1). Isolates from all the counties were represented 
in each of the morphological groupings. 
Nonetheless, the majority of the isolates grouped 
under H with a total percentage of (17.6%) while 
group I had the least number of (1.3%) the isolates. 

The rhizobia isolates clustered into two 
phenotypic clusters (Cluster 1 and 2) in (Fig. 2). 
Phenotypic cluster 1 represented rhizobia isolates 
from group K and group H. Phenotypic cluster 2 
had the majority of the rhizobia isolates, and they 
were sub-clustered into two sub-clusters (2a, and 
2b). In addition, the calculated bootstrap values 
range from 8 to 100, and replicated 1,000× (times) 
to estimate the standard clusters analysis values. 

Sub-cluster 2a was sub-divided into sub-
cluster i, and sub-cluster ii. Sub-cluster i had group 
C, group J, group F, and Group G, whereas, sub-
cluster ii had group D, group E, and group I. Sub-
cluster 2b had only group A and group B. The 
representative clusters of the different native 
rhizobia isolates depended on the neighbouring 
phenotypic characteristics (Fig. 2), affected 
nodulation of the test crops (Fig. 3) and showed 
common rhizobia characteristics (Fig. 4). 

Authentication of native rhizobia isolates 
Authentication was done based on the native 

isolates ability to form nodules on the seedlings in 
sterilized vermiculite in the greenhouse 
environment. In addition, a seedling was 
considered as positive nodulated if it had one or 
more nodules. Out of the 53 native rhizobia 
isolates, only eight (8) isolates designated as; 
IsAS03, IsAS12, IsAS21, IsAS24, IsA, IsE, IsG and 
IsL did not nodulate the tested legume crop. 

The potential of native rhizobia inoculation to 
improve soya bean nodulation and growth in 
sterilized  and unsterilized soil 

There was significant difference (p<0.0001), in 
nodule number of soya bean plants when planted 
on sterilized soils and inoculated with native 
rhizobia isolates (Table 2). Isolate IsAS11 recorded 
the highest nodule number even though not 
significant difference from when compared with 
commercial inoculant (IsUSDA110). Isolates 
IsAS21, IsAS24, IsAS12, IsAS03 and un-
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inoculated plants (UINP) did not induce nodulation.  

 
 

Figure 2: Dendrogram displaying the morphological and biochemical connections of the entire 
rhizobia isolates. 

 
 

 
Figure 3: Legume inoculated with rhizobia isolate in sterile soil improving growth and nodulation. 
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Figure 4: Rhizobia isolates showing morphological and biochemical characteristics; (A) Isolate in 
YEMA media without Congo red dye, (B) Congo red media (C) Media with BTB turning yellow (D) 
Media with BTB remaining green. 
Table 1: Morphological and biochemical characterization and grouping of rhizobia isolated from 
soils. 

Isolates characteristic 
Group of isolates 

A B C D E F G H I J K 

Gram stain -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 

Colour mw ww ww cm W w wm mw mw w cw 

Margin s s s S Sc s s sc sc s sc 

Elevation do cv cv ra Cv co cv do cv cv do 

Transparency tr tr tr tr Op tr tr op op tr tr 

Size of colony (mm) 5 3 0.4 4 3.5 1 2.7 4 2.5 0.3 4.5 

Colony shape c c ir r r c c c r r c 

Texture sg sg g Fg g fig fig fig sg g sg 

Bromothymol blue reaction y y y y y y y y y y y 

Congo red absorption crn crn crn crn crn crn crn crn crn crn crn 

Nature of growth flg flg slg Flg flg slg flg flg flg slg flg 

% of isolates 10.5 12.2 3.8 9.6 10.2 14.8 6.8 17.6 1.3 4.8 8.5 

Key: mw, milky white; ww, watery white; cw, cream white; w, white; s, smooth; sc, smooth clear; wsm, white spotted in the middle;  
do, doment; cv, convex; ra, raised; tr, translucent; op, opaque; c, circular; r, rod shape; ir, irregular shape; sg, soft gummy; g, 

gummy; fg, flowing gummy; fig, firm gummy; flg, fast growing; slg, slow growing, -ve, gram negative; y, Bromo-thymol blue reaction 
turned yellow; and crn, congo red non-absorbing.

 
 

Inoculation of soya bean plants with rhizobia 
isolates also influenced nodule dry weight 

B B 

C D 
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significantly (p<0.001).  For instance, the highest 
nodule dry weight was observed from soya bean 
plants were inoculated with isolates IsAS11, 
IsAS18 and IsUSDA110 (Table 2). Values for 
nodule dry weight from isolates IsAS01, IsAS10, 
IsAS14, IsAS27 and IsAS30 were also higher to 
isolate IsAS02 which had the least value.  

The highest shoot dry weight was recorded 
from plants inoculated with isolate IsAS01, IsAS27, 
IsAS29, IsAS18, IsAS10, IsAS11, IsAS14 and 
IsUSDA110. However, soya bean plants in which 
were not inoculated (UINPC) had the least shoot 
dry weight (Table 2).  Soya bean plants inoculated 
with isolate IsAS14 significantly recorded the 
highest root dry weight, followed by IsAS10, 
IsAS11, IsAS18, and IsAS29. However, plants 
inoculated with isolate IsAS24 recorded the lowest 
root dry weight.  

Data from the unsterilized natural soils showed 
that soya bean plants inoculated with the rhizobia 
isolates enhanced nodule number significantly at 
p≤0.05. The highest nodule number was recorded 
when the plants growing in unsterilized natural soil 
were inoculated with IsAS11. However, the un-
inoculated control (UINPC) plants also nodulated 
due to the presence of indigenous soil rhizobia.        

There was a significant difference in nodule dry 
weight when soya bean plants grown in 
unsterilized soils was inoculated with native 

rhizobia isolates at p≤0.05 (Table 3). The highest 
nodule dry weight, was observed when plants were 
inoculated with IsAS11, IsAS18, and IsUSDA110. 
However, the values were not significantly different 
apart from the un-inoculated control (UINPC) (Table 
3).   

The native rhizobia isolates performed similarly 
with commercial inoculant on shoot dry weight.  
The lowest shoot dry weight was recorded in un-
inoculated soya bean plants. Additionally, there 
was no significant difference on root dry weight on 
soya bean plants inoculated with native rhizobia 
and commercial inoculant (Table 3).  

The potential of native rhizobia inoculation to 
improve cowpea nodulation and growth in 
sterilized  and unsterilized soil 

There was significant difference in nodule 
number, root dry weight, shoot dry weight as well 
as nodule dry weight (p≤0.05) of cowpea plants 
when inoculated with the native rhizobia isolates 
(Table 4). Cowpea plants inoculated with isolate 
IsM recorded the highest nodule number, when 
compared to that of the commercial inoculant 
(IsCIAT899). Also, cowpea plants inoculated with 
IsB, IsD, IsF and IsG2 were not statistically 
difference from commercial inoculant.  
 

 
Table 2: The potential of native rhizobia inoculation to improve soya bean growth when 

planted on sterilized soils 
Isolates NodNO (g plant-1) NodDW (mg plant-1) ShtDW (g plant-1) RtDW (g plant-1) 

UINPC 0.0 0.0 1.19±0.18b 0.20±0.07c 

IsAS01 9.63±2.90ab 6.00±3.00ab 2.18±0.29a 0.48±0.09ab 

IsAS02 0.38±0.26c 2.00±1.00c 1.77±0.10ab 0.43±0.03abc 

IsAS03 0.0 0.0 1.73±0.19ab 0.42±0.05abc 

IsAS10 6.88±2.45abc 6.00±2.00ab 2.30±0.22a 0.52±0.05ab 

IsAS11 16.38±4.56a 19.00±5.00a 2.37±0.13a 0.51±0.05ab 

IsAS12 0.0 0.0 1.71±0.15ab 0.45±0.07abc 

IsAS14 5.63±1.81bc 6.00±2.00ab 2.53±0.14a 0.58±0.04a 

IsAS17 5.63±1.81c 6.00±2.00b 1.72±0.24ab 0.34±0.06abc 

IsAS18 12.63±2.67ab 17.00±6.00a 2.37±0.20a 0.51±0.06ab 

IsAS21 0.0 0.0 1.76±0.21ab 0.44±0.05abc 

IsAS24 0.0 0.0 1.63±0.12ab 0.27±0.06bc 

IsAS27 4.00±1.93bc 7.00±4.00ab 2.26±0.20a 0.41±0.04abc 

IsAS29 7.25±2.88abc 10.00±5.00ab 2.33±0.12a 0.53±0.03ab 

IsUSDA110 11.50±2.78ab 18.00±6.00a 2.41±0.16a 0.44±0.03abc 

P values <.0001 <.0001 <.0001 <.0001 
Key: NodNO, Nodules number; NodDW; nodules dry weight; ShtDW, shoots dry weight; RtDW, roots dry weight; mg, milligram; g, 
gram; IsUSDA110, commercial strain inoculant; UINPC, non-inoculated plants control. Values followed by the same letters within 

the column are not significantly different according to Tukey`s Honest Significant Difference (HSD) at P <0.05 

 
  

Table 3: The potential of native rhizobia inoculation to improve soya bean growth when planted in 
unsterilized natural soils 
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Isolates NodNO (g plant-1) NodDW (mg plant-1) ShtDW (g plant-1) RtDW (g plant-1) 

UINPC 2.63±1.40c 3.00±1.00c 1.64±0.14b 0.31±0.04b 

IsAS01 27.50±7.67ab 25.00±7.00ab 2.51±0.13a 0.58±0.05a 

IsAS10 19.63±5.62ab 24.00±9.00ab 2.82±0.05a 0.58±0.04a 

IsAS11 39.75±8.00a 39.00±8.00a 2.57±0.16a 0.52±0.03a 

IsAS14 18.00±4.78ab 20.00±5.00ab 2.86±0.11a 0.61±0.04a 

IsAS18 32.25±5.65ab 34.00±7.00a 2.33±0.14a 0.53±0.05a 

IsAS27 11.00±4.96b 13.00±6.00ab 2.47±0.13a 0.50±0.04ab 

IsAS29 21.63±5.29ab 22.00±6.00ab 2.44±0.16a 0.53±0.06a 

IsUSDA110 31.13±6.82ab 34.00±7.00a 2.74±0.14a 0.52±0.06a 

P values 0.0011 0.0058 <.0001 0.0009 
Key: NodNO, Nodules number; NodDW, nodules dry weight; ShtDW, shoots dry weight; RtDW, roots dry weight; mg, milligram; g, 

gram; IsUSDA110, commercial reference strain; UINPC, un-inoculated plants control. Values followed by the same letters within the 
column are not significantly different according to Tukey`s Honest Significant Difference (HSD) at P <0.05. 

 
Table 4: The potential of native rhizobia inoculation to improve cowpea plants growth when 

planted in sterilized soils 
 

Isolates NodNO (gplant-1) NodDW (mgplant-1) SHtDW (gplant-1) RtDW (gplant-1) 

IsA 0.0 0.0 0.65±0.07cd 0.13±0.02abc 

IsB 10.38±2.62ab 9.00±3.00b 1.09±0.09ab 0.24±0.02a 

IsC 0.50±0.05d 3.00±1.00c 0.91±0.11abcd 0.19±0.04abc 

ISE 0.0 0.0 0.66±0.08cd 0.09±0.02bc 

IsD 8.39±2.51abc 8.00±2.00b 0.97±0.08abc 0.25±0.03a 

IsF 8.88±2.64abc 8.00±3.00b 0.92±0.06abcd 0.23±0.03ab 

IsG 0.0 0.0 0.71±0.09bcd 0.12±0.03abc 

IsG2 10.25±2.16ab 9.00±2.00b 1.03±0.04abc 0.22±0.02ab 

IsH 2.38±1.36cd 2.00±1.00b 0.84±0.06abcd 0.19±0.03abc 

IsI 6.88±2.33c 6.00±2.00b 0.94±0.08abcd 0.16±0.03abc 

UINPC 0.0 0.0 0.56±0.10d 0.06±0.01c 

IsCIAT899 7.38±2.55bc 6.00±2.00b 1.02±0.10abc 0.19±0.04abc 

IsL 0.0 0.0 0.77±0.07bcd 0.12±0.02abc 

IsM 16.88±2.33a 23.00±8.00a 1.18±0.06a 0.24±0.04a 

IsP 2.75±1.61cd 2.00±1.00b 0.95±0.09abc 0.18±0.03abc 

P values <.0001 <.0001 <.0001 <.0001 
Key: NodNO, nodules number; NDW, nodules dry weight; ShtDW, shoots dry weight; RtDW, roots dry weight; mg, milligram per 

plant; g, gram; commercial inoculant, IsCIAT899; UINPC, untreated rhizobia plants (un-inoculated plants control). Values followed 
by the same letters within the column are not significantly different according to Tukey`s Honest Significant Difference (HSD) at P 

<0.05. 

Table 5: The potential of native rhizobia inoculation to improve cowpea plants growth when 
planted in unsterilized natural soils 

 
Isolates NodNO (gplant-1) NoDWO (mg plant-1) RtDW (g plant-1) ShtDW (g plant-1) 

IsCIAT899 38.00±5.95ab 84.00±17.00a 0.49±0.03ab 2.44±0.13b 

UINPC 3.38±2.14c 6.00±4.00c 0.25±0.03c 1.24±0.12d 

IsAGR10 50.25±5.05a 82.00±10.00a 0.56±0.04a 2.91±0.06a 

IsAGR12 53.50±8.09a 84.00±14.00a 0.55±0.04a 2.68±0.16ab 

IsAGR14 37.25±9.50ab 61.00±19.00ab 0.44±0.02ab 2.36±0.12bc 

IsAGR5 38.88±6.03ab 92.00±14.00a 0.57±0.04a 2.98±0.04a 

IsAGRP 36.13±6.21ab 61.00±10.00ab 0.39±0.02bc 1.97±0.07c 

P values <.0001 0.0006 <.0001 <.0001 
Key: NodN, Nodules number; NDW, nodules dry weight; ShtDW, shoots dry weight; RtDW, roots dry weight; mg, milligram; g, gram; 
UINPC, un-inoculated plants; USDA3456, commercial strain. Values followed by the same letters within the column are not 
significantly different according to Tukey`s Honest Significant Difference (HSD) at P <0.05. 

 
 

Table 6: The potential of native rhizobia inoculation to improve green gram growth when planted 
in sterilized soils 
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Isolates NodNO (g plant-1) NodDW (mg plant-1) SHtDW (g plant-1) RtDW (g plant-1) 

IsA 3.38±4.13ab 403.00±19.00a 2.11±0.05a 0.34±0.03a 

IsB 3.75±4.35ab 296.00±17.00ab 2.13±0.13a 0.32±0.03a 

IsC 3.45±4.17ab 282.00±16.00ab 1.94±0.04a 0.29±0.03ab 

IsD 3.63±2.25ab 290.00±9.00ab 1.83±0.13ab 0.29±0.03ab 

ISE 0.63±0.13d 1.00±0.01d 1.02±0.12bc 0.10±0.02bcd 

IsF 1.38±1.38cd 32.00±2.00cd 1.07±0.14bc 0.11±0.01bcd 

UINPC 0.0 0.0 0.79±0.06cd 0.10±0.02bcd 

IsH 1.00±0.06d 92.00±14.00c 1.00±0.06bc 0.09±0.01cd 

IsI 0.96±0.07d 142.00±25.00b 0.96±0.07bcd 0.14±0.04bc 

IsJ 1.96±0.13bc 269.00±30.00ab 1.96±0.13a 0.27±0.03bc 

IsK 0.77±0.05d 72.00±10.00cd 0.77±0.05cd 0.07±0.01d 

IsL 1.14±0.13cd 111.00±15.00c 1.14±0.13b 0.11±0.015bcd 

IsM 1.95±0.03bc 288.00±17.00ab 1.95±0.03a 0.29±0.02ab 

IsUSDA110 2.13±0.11abc 321.00±17.00a 2.10±0.11a 0.32±0.02a 

IsG 0.80±0.06d 74.00±9.00cd 0.92±0.09bcd 0.07±0.01d 

Isp 4.38±2.46a 314.00±16.00a 2.64±0.15a 0.17±0.03bc 

P values <.0001 <.0001 <.0001 <.0001 
Key: NodNO, Nodules number; NodDW, nodules dry weight; ShtDW, shoots dry weight; RtDW, roots dry weight; mg, milligram; g, 

gram; IsUSDA110, commercial inoculant; UINPC, un-inoculated plants control. Values followed by the same letters within the 
column are not significantly different according to Tukey`s Honest Significant Difference (HSD) at P <0.05. 

 
Table 7:The potential of native rhizobia inoculation to improve green gram growth when planted in 

unsterilized natural soils 
 

Isolates NodNO (g plant-1) NodDW (mg plant-1) ShtDW (g plant-1) RtDW (g plant-1) 

UINPC 2.25±1.29c 3.00±2.00c 0.89±0.05c 0.14±0.02c 

IsAS02 45.63±8.60ab 62.00±13.00ab 2.02±0.04ab 0.38±0.02b 

IsAS03 16.50±3.01bc 30.00±9.00bc 2.11±0.05ab 0.43±0.01ab 

IsAS10 52.63±14.16ab 60.00±11.00ab 2.19±0.07ab 0.48±0.01a 

IsAS11 17.63±4.49bc 33.00±12.00bc 2.04±0.10ab 0.45±0.02ab 

IsAS14 62.25±12.58a 83.00±12.00a 2.88±0.07a 0.44±0.02ab 

IsAS21 23.50±6.89bc 34.00±11.00bc 2.13±0.08ab 0.43±0.03ab 

IsAS29 22.75±4.87bc 33.00±9.00bc 1.49±0.18bc 0.16±0.03c 

IsUSDA110 34.88±6.04abc 52.00±10.00ab 1.92±0.05b 0.40±0.02ab 

P values <.0001 <.0001 <.0001 <.0001 
Key: NodNO, Nodules number; NodDW, nodules dry weight; ShtDW, shoots dry weight, RtDW, roots dry weight; mg, milligram; g, 

gram; IsUSDA110, commercial inoculant; UINPC, un-inoculated plant control. Values followed by the same letters within the column 
are not significantly different according to Tukey`s Honest Significant Difference (HSD) at P <0.05 

 
Inoculation of cowpea plants with rhizobia 

isolates significantly (p < 0.0001) increased nodule 
dry weight. Cowpea plants inoculated with rhizobia 
isolate IsM recorded the highest nodule dry weight 
(Table 4). Majority of the native rhizobia isolates 
recorded similar nodule dry weight to the 
commercial inoculant.  

Similarly, rhizobia inoculation significantly 
(p<0001) influenced shoot dry weight, where cowpea 
plants inoculated with rhizobia at native rhizobia 
isolate IsM recorded the highest shoot dry weight.  
Majority of native rhizobia isolates did not differ 
significant on shoot dry weight with commercial 
while the native isolates IsA, IsE and uninoculated 
control recorded the lowest shoot dry weight (Table 
4). 

Cowpea inoculated with isolate IsM IsD and 

IsB significantly (p < 0.0001) recorded the highest 
root dry weight compared with commercial 
inoculant and other treatment. The un-inoculated 
cowpea plants recorded the lowest root dry weight 
of the cowpea plants.  

The nodule number for cowpea plants 
inoculated with native rhizobia isolates was not 
significantly different from that of commercial 
inoculant (Table 5). The un-inoculated control 
cowpea plants had the lowest nodule number. 
Similarly, cowpea plants inoculated with native 
rhizobia isolates had no significant difference with 
commercial inoculant (Table 5). The highest shoot 
dry weight was observed on cowpea plants 
inoculated with isolates IsAGR10, IsAGR5 and 
IsAGR12.  
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The potential of native rhizobia inoculation to 
improve green gram nodulation and growth in 
sterilized  and unsterilized soil 

Results showed that inoculation of green gram 
with native rhizobia isolates had significant (p < 
0.0001) influence on nodule numbers (Table 6). 
Green gram plants when Inoculation with isolate 
IsP had the highest nodule numbers. Majority of the 
native rhizobia isolates had no significant influence 
on nodule number compared with commercial 
inoculant apart from isolates ISE, IsH, IsI, IsK and 
IsG which recorded the lowest values. Similarly, 
nodule dry weight significantly (<0001) differed 
based on rhizobia inoculant (Table 6). Green gram 
plants inoculated with IsA, IsP and IsCIAT110 
recorded the highest nodule dry weight.  

Accordingly, shoot dry weight was significantly 
(p < 0.0001) influenced by rhizobia inoculation 
where isolate IsA, IsB, IsC, IsJ, IsM, IsP and 
commercial isolate IsUSDA110 recorded the 
highest shoot dry weight. Green gram plants with 
treatment IsK had the lowest shoot dry weight 
(Table 6).  

There was significant (p < 0.0001) difference 
on nodule number after inoculating green gram 
with native rhizobia isolates where isolate IsAS14 
had the highest values in unsterilized soils (Table 
7).  However, majority of green gram plants 
inoculated with native rhizobia had no significant 
difference with commercial inoculant. The highest 
values for nodule dry weight were observed in 
plants inoculated with native rhizobia isolates 
IsAS14, IsAS10, IsAS2, and commercial inoculant 
(Table 7). The lowest nodule dry weight was 
observed in the un-inoculated control plants.  

Native rhizobia isolate IsAS14 recorded the 
highest shoot dry weight and was significantly 
different from commercial (Table 7). However, 
plants inoculated with native isolates IsAS10, 
IsAS3, IsAS11, IsAS14 and IsAS21 had no 
significant difference with commercial inoculant on 
root dry weight.  
 
DISCUSSION 

Rhizobia isolation and characterization 
The morphological characteristics of the 

isolates resonate with the standard characteristics 
of rhizobia species as documented by previous 
studies by, Somasegaran and Hoben (1994); 
Maingi et al., (2001); and Torres et al., (2009). The 
isolates were Gram-negative rods which did not 
absorb Congo red (Küçük et al., 2006); and 
(Menge et al., 2018). Most of the isolates were fast 
growers except group C, group F and group J 

which indicate that the isolates could probably fall 
under the genus Rhizobium. The colour change of 
YEMA-BTB from deep green to yellow is purely a 
characteristic of fast-growing rhizobia as 
suggested by Ferguson et al., (2013); Argawal et 
al., (2012). These observations are supported by 
Bergey’s Manual of Systematic Bacteriology 
(Jordan, 1984), which has outlined similar 
observations for fast-growing rhizobia. Some 
rhizobia isolates were slow growers. This unique 
trend could be linked to survival adaptation of the 
isolates to stressful soil conditions (Elbanna et al., 
2009; and Muthini et al., 2014) 

Authentication of native rhizobia isolates 
Authentication was done based on the ability of 

isolates to nodulate on the tested legume plant 
roots (Argawal et al., 2012). In this study, 45 
isolates induced nodule formation on soya bean, 
green gram and cowpea in vermiculite under 
greenhouse conditions. The potential of 45 out of 
the 53 rhizobia isolates inoculated to nodulate with 
the different legume’s plants confirmed that the 
isolates used for the study were rhizobia. These 
findings resonate with a study by Elbanna et 
al., (2009), who reported the potential of native 
rhizobia isolate to symbiotically interact and 
nodulate with their legume host species.   

Effects of inoculation with native rhizobia 
isolates on growth parameters of legume crops 
grown in unsterilized natural soils  

In the current study, the native rhizobia isolates 
significantly influenced soya bean growth 
parameters when inoculated in unsterilized natural 
soils. Although their effect was not significantly 
different from the commercial inoculant, they 
exhibited symbiotic superiority in improving growth 
parameters. This was possibly due to adaptability 
of the isolates to the natural environment. This 
observation was similar green gram and cowpea 
crops. The improved growth parameters in green 
gram, cowpea, and soya bean, when grown in 
unsterilized natural soils inoculated with native 
rhizobia isolates, has also been reported by 
Ndungu et al., (2018), who related increased 
legumes growth and yields to inoculation of the 
rhizobia isolates. Elsewhere, Ntambo et al., (2017) 
in a field study showed that the effect and 
interaction of rhizobia and other biotic and abiotic 
soil elements significantly increase nodule number 
per plant (Meena et al., 2018).  

These legumes depend on their symbionts for 
a large part of their nitrogen requirements for 
growth and increased dry matter production. In 
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recent years, the effect of inoculation with native 
rhizobia isolates have been reported to further 
increase and enhance the growth and yield of 
some legume crops including green gram, cowpea, 
and soya bean (Sharma and Kumawat, 2011; and 
Meena et al., 2018). The native rhizobia isolates 
that recorded higher growth parameters in green 
gram, cowpea, and soya bean as revealed in this 
study are potentially important symbionts 
associated with legume roots plant that can 
improve nodulation, N-fixation, and plant growth 
(Argawal et al., 2012). 

The findings of the current study support that 
rhizobia inoculation is of crucial importance in the 
low-input agricultural cropping systems to maintain 
soil fertility and legume crops health. However, 
some native rhizobia isolates recorded low dry 
matter parameters across the tested plants which 
were planted in unsterile soil. This can be 
associated with antagonistic effects between the 
soil microorganisms and the rhizobia inoculum. 
Related findings were reported by Medic et 
al., (2014) who sought to characterize and evaluate 
the antagonistic effect of rhizobia from the semiarid 
region. The variations in growth parameters of the 
plants studied can be linked to the inoculums used. 
It has been observed in past studies that the 
antagonistic activity is largely determined by the 
strain of rhizobia isolates used (Vargas et 
al., 2017).  

Generally, the ability of some native rhizobia 
inoculums in the current study to enhance growth 
parameters higher than the commercial inoculant 
(IsUSDA110, and IsCIAT899) has been 
documented in past studies (Koskey et al., 2017; 
and Menge et al., 2018). The non-competitiveness 
of commercial inoculant strains has been linked to 
their inability to adapt to their new environment and 
to stay abreast of the expanding root system 
(Muthini et al., 2014). Therefore, this suggests that 
bio-inoculants are more likely to be effective if they 
are developed from strains found in the area in 
which they were isolated.    

Effects of inoculation with native rhizobia 
isolates on growth parameters of legume crops 
grown in sterilized soils  

Isolates IsAS11, IsM, and IsP had the highest 
nodulation on soya bean, cowpea and green plants 
respectively in sterilized soil conditions. The high 
nodulation may be attributed to the effectiveness 
and compatibility of the isolates to the host plant. 
On the contrary, there was low or no nodulation by 
rhizobia isolates IsAS03, IsAS12, IsAS21 and 
IsAS24 in soya bean plants, isolates IsA, IsE, IsG, 

IsL in cowpea, and isolates IsE, IsK, IsH and IsI in 
green gram. According to Torres et al., (2009, and 
Ferguson et al., (2013), native rhizobia strains 
impact on legume roots nodulation is dependent on 
the ability of the isolates to adapt to the prevailing 
soil conditions.  

The plants dry matter parameters varied upon 
inoculation with native rhizobia. These findings are 
supported by a study carried out by Elbanna et al., 
(2009) and Korir et al., (2017) who demonstrated 
that there was a disparity in indigenous rhizobia 
strains effectiveness linked with particular legume 
crops. Hansen, (2017) reported that some strains 
of Rhizobium are better adapted to these changed 
environmental conditions than others. The 
significance of the findings in the current study is 
that the effectiveness of 
individual Rhizobium isolates varies with their 
ability to act independently and while interacting 
with soil biota. The significant difference in root dry 
weight of the inoculated plants indicates the 
different ability of the inoculated rhizobia to 
enhance root development under soil 
amendments.  

The native rhizobia isolates had significant 
differences in dry shoot weight and hence 
significantly variable ability in fixing nitrogen. These 
findings can be related to the potential of some 
rhizobia isolates to produce plant-growth-
promoting hormones as well as fixing nitrogen 
(Argawal et al., 2012). Soil treatment and 
inoculation interaction in relation to shoot yield in 
legume plants has been reported by Wertz et al., 
(2007); and Koskey et al., (2017). A highly effective 
rhizobia strain in one legume plant could be rated 
as low or moderately efficient in another legume 
crop (Zhong et al., 2019).  

The nodule dry weight of the tested plants 
positively correlated with their nodule numbers. 
Vargas et al., (2017) reported similar findings. This 
demonstrates that inoculation of legume plants with 
native rhizobia isolates improves nodule dry 
weight. However, some of the native inoculants 
recorded high nodule numbers in cowpea, green 
gram and soya bean plants, but this did not 
translate to a higher nodule dry weight in the 
legumes. This finding supports the previous study 
by Zhong et al., (2019), who stated that rhizobia 
effectiveness could not be sufficiently determined 
by dry nodule weight and nodule number. They 
further articulated that in the rhizobia-legume 
association, rhizobia may infect the host roots plant 
but not be effective in nitrogen fixation. 
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CONCLUSION 
The current study revealed the potential of 

native rhizobia isolates in enhancing nitrogen 
fixation and growth of the three legumes. 
Performance of the native rhizobia across the three 
tested crops demonstrated their adaptability and 
symbiotic potential in nodulation and symbiotic 
nitrogen fixation. In view of this, native rhizobia 
have the potential to improve legume production 
and should be employed by the smallholder 
farmers as an alternative cheap and sustainable 
farming practice.  There is also need to unearth the 
vast diversity of native rhizobia from other parts of 
the country that have not been studied. 
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