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Identification of effective indigenous rhizobia strain nodulating soybean (Glycine max) was conducted in Kakamega County,
Western Kenya. This study was carried out to establish the abundance and symbiotic efficiency of native rhizobia strains in soil
samples collected from 12 sites in four agroecological zones within the region. The MPN enumeration technique was used to
estimate the indigenous rhizobia numbers and showed that 54% of the sampled sites had high abundance. Rhizobia number in the
soil collected from the six regions varied from 2.5 x 10% to 3.12 x 10° cells-g~ soil. Thirty isolates from the soil collected in the four
regions were tested for efficiency using soybean as the trap plant in Leonard jars containing sterilized vermiculite irrigated with
nitrogen-free media. Determination of the relationship between rhizobial abundance and symbiotic efficiency with respect to the
soil chemical conditions was performed using ANOVA, and the means were compared using Tukey’s honest significant difference
test. Inoculation with bacterial isolates significantly (P < 0.05) increased the nodule number and shoot dry weight, while weight of

the seeds showed variations across the groups. The soil pH across the 4 regions ranged between 5.41 and 6.52.

1. Introduction

Soybean (Glycine max) is a grain legume providing dietary
protein to millions of people, especially in sub-Saharan
countries [1-3]. The crop is grown by both commercial and
subsistence farmers. Soybean has a high protein content of
about 40%, 18% lipid, and 6.3% carbohydrate [4]. South
Africa is the leading producer of soybean, followed by
Nigeria, Zambia, and Uganda among other countries in sub-
Saharan Africa [5]. Expansion and increase in soybean
production in SSA since early 1970s to 2018 has rapidly
grown popular [6]. Root nodulating bacteria strains are
important property in soybean production since the strains
must compete with each other in the rhizosphere for better
yield production [7-9]. Rhizobia are bacteria that establish a
symbiotic relationship with the host plant which results in
the formation of plant root nodules through colonization
and fixation of atmospheric nitrogen [10, 11]. These bacteria

can be divided into two broad groups: free-living rhizo-
bacteria which live outside the plant and symbiotic endo-
phytic bacteria which live inside the plant cell [12]. In this
case, both the free-living and endophytic bacteria are crucial
in nutrient metabolism [13].

For soybean, like many other grain legumes, nodulation
in the field is induced by different rhizobium strains which
work in association that produce 50% of 175 million tons of
total biological nitrogen fixation (BNF) [14].

Kenya, among other sub-Saharan countries, experiences
the failure of inoculation to elicit response in legumes. This
calls for the need to practice sustainable farming through the
utilization of natural micro-organisms to boost the soil
fertility [13]. However, inoculants obtained from a reliable
source should contain only rhizobial strains that are highly
effective nitrogen fixers [15, 16]. Bacterial strains such as
Bacillus, Pseudomonas, Azospirillum, Azotobacter, and
Enterobacter have been used in the past as biofertilizer [6].
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Glycine max is nodulated by many species of rhizobia, and in
this case, it is considered as a promiscuous host [17]. These
microbial species are spatial distributed based on the niche
selection and agroecological zones which vary considerably.
There is need for inoculation of legumes where there is
deficiency of rhizobia. This study aimed at the determination
of the abundance and symbiotic efficiency of rhizobial
strains colonizing Glycine max in soils of Kakamega County,
Western Kenya.

2. Materials and Methods

2.1. Soil Sampling Sites. Soil sampling was carried out where
farmers had grown soybeans frequently. Sampling was carried
out in four regions across Kakamega County. The areas were
mapped, and attitude and co-ordinates were taken by using the
GPS machine, as indicated in Figure 1: Kakamega South
(N00.2839°, E034.72255°), Kakamega Central (N00.28751,
E034.76546°) (N00.28752°, E034.76547, N00.29178,
E034.73947), Kakamega East (N00.29178, E034.73947,
N00.21563, E034.76547, N00.21365, E034.77162), and Kaka-
mega North (N00.424070, [E034.887390, N00.429220,
E034.900790, N00.426200, E034.91863). Greenhouse and
laboratory study were conducted at Masinde Muliro University
of science and Technology (MMUST).

2.2. Abundance Determination of Native Rhizobia in the Soil

2.2.1. Soil Sampling and Analysis. A 20 soil core was ran-
domly collected from each farm at a depth of 20 cm and
thoroughly mixed into a composite sample to obtain a
homogenous sample. The surface debris was cleared using a
sterile shovel, and 15 grams of the soil was taken at an in-
terval of 10 meters in a Z pattern within the field of interest.
The collected soil was mixed into homogenous composite
soil packed into khaki bags transported in the ice box to the
laboratory.

The soil was divided into two, one part for abundance
and the other part for chemical and physical analysis. The
soil sample for physical and chemical analysis was air dried
in the laboratory before being taken for analysis at the
University of Nairobi, College of Agriculture and Veterinary
Sciences, Department of Land Resource Management and
Agricultural Technology. The second set of soil samples was
prepared in 10-fold dilution series. From every dilution, one
milliliter was inoculated onto a three-day-old seedling
grown in vermiculite in the greenhouse. Dilutions ranged
from 107" to 10~® with 3 soil replication samples from the
collection sites. Diluted soil inoculation was performed on
the seedlings in the jars within the greenhouse. The sample
size comprised of one hundred and eight (108) Leonard jars
put in brown khaki bags arranged in a completely ran-
domized block design (CRBD) on the greenhouse shelves.

2.2.2. Seed Treatment. Pure soybean seeds of gazelle variety
obtained from KALRO-Njoro were used as the trapping
host. The seeds were pretested for germination to ascertain
synchronization which resulted to 99% germination rate.
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Seeds were then immersed in 95% ethanol to remove waxy
substances from the cortex and to reduce the surface tension
followed by surface sterilization with 3% sodium hypo-
chlorite for 5 minutes. They were then rinsed in five series of
distilled water and then immersed in 0.2% acidified mercuric
chloride for further surface sterilization for 5 minutes. Seeds
were then finally rinsed in five changes of sterile distilled
water, placed in Petri dishes containing moist cotton wool,
wrapped with parafilm, and put in a germination chamber
for pregermination. After 3 days, two germinated seeds were
transplanted in Leonard jars containing sterilized vermic-
ulite of pH 6.8.

2.2.3. Preparation of a Nitrogen-Free Nutrient Solution.
Irrigation of seedlings was performed with a sterile nitrogen-
free plant nutrient solution comprising macroelements,
microelements, iron salts, and vitamins contained in g/, and
the pH solution was adjusted to 6.8 using 1 M NaOH or 1 M
HCL. The stock solutions used consisted of 0.1CaCl,,
0.12MgS0,.7H,0, 0.1KH,PO,, 0.15Na,HPO,.2H,0, and
0.005 ferric citrate. 1.0 mL trace elements consisted of 2.86
H3BO3, 203MHSO47H20, 0.22 ZHSO4.7H20,
0.08CuS0,.5H,0, and 0.14NaMo0O,.2H,0 in g/l

2.2.4. Nodule Sampling, Storage, and Bacterial Isolation.
Plants were uprooted after six weeks, each examined, and
scored according to the presence or absence of nodules. The
presence of single or more nodules was considered as
positive, while the absence of nodules was taken as negative.
Nodules on each plant were carefully removed from the
roots, put in test tubes containing silica gel and cotton,
capped properly, and stored under —4°C for further use.
Stored nodules were immersed in sterile distilled water in
order to imbibe and restore their shape and surface sterilized
for 3-5 minutes in 3% NaOCI and 70% ethanol, respectively.
Nodules were then rinsed in a series of distilled water and
crushed on sterilized Petri dishes using a blunt pathogen-
free forceps, and a loop of crushed suspension was streaked
on Petri dishes containing media. The media used for cul-
turing putative rhizobia contained 5g/1 of peptone from
casein, 3 g/l of yeast extract, 1.5g/l agar, and 1 ml calcium
chloride 0.7M of 10ml/l (5g/l) and supplemented with
nalidixic acid and then incubated in the dark at 28°C. After 3
days of observable growth, restreaking on new media was
carried out in order to get specific colonies. Plating was
performed on lysogenic broth (LB) and peptone yeast (PY);
the former was used as a negative control. After 2 days,
specific colonies from the cultures were scooped using a
sterile inoculation loop and recultured for further use.

2.3. Authentication of the Isolates and Symbiotic Efficiency.
Five-day soybean plantlets growing in vermiculite and ir-
rigated with a nitrogen-free nutrient solution in Leonard jars
were inoculated with 1ml of pure colonies of bacterial
culture. Watering with nitrogen-free media was performed
on the test plants. Experiment comprised the soybean gazelle
variety planted in vermiculite without inoculation which
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FIGURE 1: A map showing the study area.

served as the negative control and two treatments applied
with KNOj fertilizer at a rate of 70 ug—1 for the positive
control. Alternatively, 0.025 g/l of Congo red was added to
normal YEM and cultured in the dark incubation chamber at
28°C for two days.

2.4. Data Collection. Data collection for determination of
efficiency and abundance was performed in two phases. The
first phase comprised the number of nodules per plant and
average weight of nodules and dry mass of the shoot. The
second phase encompassed of the number of pods per plant,
weight of the pods, number of seeds per pod, and the average
weight of the seeds. Thirty (30) plants were randomly picked
and carefully uprooted without disturbing the root system to
obtain the nodules. Nodules were put in a khaki envelop,
labeled, and dried in an oven at 60°C for 48 hours to de-
termine nodule dry weight. The shoot was detached from the

root system using a scalpel and oven dried at 60°C for 3 days
to determine shoot dry weight. In the second phase, thirty
isolates were obtained. These isolates were inoculated on
soybean planted in vermiculite in the Leonard jars and
watered with nitrogen-free growth media. At maturity,
plants were assessed for the pod number and average pods.
Pods were handpicked, packed in khaki bags per plant, and
oven dried for 72 hours at 60°C to determine their weight.
The number of seeds was counted from each pod, and their
average based on each pod and yield was determined.

2.5. Statistical Analysis. Abundance was subjected to
MPNES. Results obtained as MPNs were analysed using
ANOVA. Symbiotic efliciency and the abundance were
subjected to python. All figures were drawn by matplotilib
version 3.1.3 in python 3.7.6. ANOVA and Tukey’s post hoc
were performed with stats model version 0.11.0 in python



4 International Journal of Agronomy
TaBLE 1: Soil properties collected from four regions and the most probable numbers of bacteria.
Soil characteristics

Region pH %N %0. carbon P K Ca Mg Al Zn

Kakamega Central (A) 5.41 0.55 1.31 25 0.7 2.75 1.10 1.2 6.4 29x%10°
Kakamega Central (B) 5.50 0.46 0.90 27.5 0.25 1.50 0.52 1.1 5.5 2.68x10°
Kakamega Central (C) 5.82 0.46 1.95 22.5 0.95 4.25 1.65 0.9 4.4 3.09x10°
Kakamega East (A) 543 0.45 2.30 20 0.6 2 1.64 0.9 5.74 0.74 x 10*
Kakamega East (B) 5.62 0.32 1.62 12.5 0.6 2.5 0.95 1.1 4.45 0.97 x 102
Kakamega East (C) 5.54 0.34 1.54 35 0.7 3 1.02 0.85 5.85 1.02x10?
Kakamega South (A) 5.60 0.39 1.71 20 1 4 1.56 0.75 6.05 9.19x10°
Kakamega South (B) 6.52 0.35 2.08 55 2.4 9.5 3.25 0.65 6.52 9.27 x10%
Kakamega South (C) 6.12 0.31 1.69 27.5 0.95 4.0 1.56 0.55 4.44 9.11 x 10?
Kakamega North (A) 5.81 0.42 2.65 30 1.1 5 1.90 0.75 6.25 2.09x10°
Kakamega North (B) 5.83 0.39 1.29 25 0.95 3.75 1.24 0.95 5.16 312x10°
Kakamega North (C) 5.75 0.48 1.17 20 0.25 1.50 0.51 14 7.56 2.07x10°

3.7.6. Findings of the study were reported significant at
P <0.05.

3. Results

3.1. Soil Characteristics. Chemical analysis of collected soil
showed great variations in terms of their soil pH, phos-
phorus, organic carbon, nitrogen, potassium, and alumin-
ium (Table 1). Soil collected ranged from sandy loam to
sandy clay. Kakamega East had a pH of 5.43 with a slightly
high aluminium content of 1.1 cmol/kg which was man-
ifested in low nodulation among the six regions. Kakamega
South had the highest soil pH of 6.52 and the organic carbon
of 2.08%. Variation of pH could be due to mineralization
levels.

3.2. Authentication. All the thirty isolates significantly in-
creased the number of nodules when they were inoculated
on the 4-day soybean seedlings in the Leonard jars (Figure
2). In comparison, uninoculated plants had low nodule
number. Verification of bacteria performed on YEM had
small colorless colonies after incubation for two days under
dark at 28°C. Colorless colonies were a sign of the presence of
rhizobia (Figure 3).

3.3. Abundance, Plant Growth, and Symbiotic Performance.
Analysis of data on nodule number, nodule dry weight,
shoot dry weight, number of pods per plant, and seed dry
weight using one-way ANOVA revealed the correlation
between inoculation of the plant with rhizobia and the plant
growth in terms of symbiotic performance (Table 2).
Kakamega North and Kakamega Central showed high
population of bacteria per gram of soil and, therefore,
demonstrated high shoot biomass which revealed high
symbiotic performance as compared to Kakamega East and
Kakamega South which had low nodule mass per plant.
Positive samples were indicated by the presence of nodules
per plant, while plants with no nodules had negative score
(Table 3). Kakamega East, for instance, lies at a low medium
zone had the lowest positive nodule number and shoot dry
weight, and population of soybean rhizobia was found at

FiGgure 2: Uprooted plant with nodules.

0.74x10* cells-g~ soil. Tsolates significantly increased plant
performance in terms of yield, nodule number, and biomass
(Figure 4). Kakamega Central had the highest bacteria
population per gram of soil on enumeration (Figure 5).

4. Discussion

Root nodulating rhizobia counts varied from one genus to
the other in their specificity and inoculation with rhizobia in
this study have supported this view. Inappropriate inocu-
lation where there is no perfect match will result to inef-
fective nodule or no nodule formation, and therefore, no
nitrogen fixation will take place [15]. This study supports the
findings [18] that host specificity depends on particular
rhizobia. It was evident that large rhizobia counts occurred



International Journal of Agronomy 5

FIGURE 3: Plates showing rhizobia colonies.

TaBLE 2: Mean numbers of nodules, NDW, SDW, pods, pod weight, number of seeds, and weight of seeds.

Sites No. of nodules NDW SDW Pod number Pod weight Number of seeds Weight of seeds
South 3 0.18 6.06 4 1.56 11 0.93
East 2 0.01 5.18 5 1.86 12 1.01
Central 3 0.03 4.62 2 1.73 9 1.50
North 4 0.16 4.00 7 2.34 17 1.51

NDW- nodule dry weight; SDW- shoot dry weight.

TaBLE 3: Isolation of rhizobia from the root nodule of soybean.

Sr. no. Region No. of samples Positive (+) Negative (-)
1 Kakamega South 18 8 10
2 Kakamega East 18 5 13
3 Kakamega Central 18 10 8
4 Kakamega North 18 10 8
Total 72 33 39
6 -
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FIGURE 4: Effects of rhizobia on shoot dry weight, number of pods, pod weight, seed number per plant, and weight of seeds.
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ulation from four regions.

in soils from Kakamega North (3.12x10° cell/g soil). In
addition, both Kakamega North and Kakamega Central had
the highest nodulation of 10 nodules per plant. Soils that
were found to have the highest bacterial population had
increased the nodule number and nodule dry matter. The
higher the abundance of rhizobia, the higher the symbiotic
efficiency and the higher the SDW and grain weight [13, 19].
However, some soil samples failed to nodulate, especially soil
samples from Kakamega East which gave negative results
and very low symbiotic performance. The MPN technique is
based upon the patterns of positive or negative nodulation
response of the plant in experiment which is inoculated
based on dilution series [20].

5. Conclusions

This study indicates that Kakamega North and Kakamega
Central had high population of bacteria per gram of soil and,
therefore, high shoot biomass, high number of seed pods and
plant dry mass, and increased seed yield. The detection of
low bacteria population in Kakamega South and Kakamega
East in soils was equally associated with relatively lower
biomass and decreased seed yield. It can be concluded that
the higher the abundance of root nodulating rhizobia within
the soil, the higher the productivity of the host plant. This
study has also shown that there is a general variation in the
abundance of rhizobia population within the different study
sites, hence encouraging farmers to use inoculants. Inocu-
lation can increase the rhizobia population and, therefore,
increase the bioavailable nitrogen for farmers.
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