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Yield response of accessions of
Bambara groundnut (Vigna
subterranea (L) Verdc) inoculated
with Bradyrhizobium japonicum
strains

Tope Daniel Bitire'?, Michael Abberton?, Olaniyi Oyatomi? and
Olubukola Oluranti Babalola'*

'Food Security and Safety Focus Area, Faculty of Natural and Agricultural Sciences, North-West
University, Mmabatho, South Africa, 2Genetic Resources Center, International Institute of Tropical
Agriculture (IITA), Ibadan, Nigeria

Field experiments were conducted in two different agroecological locations of
Ibadan and lkenne in Nigeria from August through December during the 2019
and 2020 cropping seasons. The studies were set up to reduce reliance on
inorganic nitrogen fertilizer and to embrace the use of nitrogen-fixing bacteria
to improve legume production to increase farmers’ output and profitability. Ten
accessions of the Bambara groundnut (BGN) were used in the trials. Seeds of
each BGN accession were coated with each of the following Bradyrhizobium
japonicum strains (B. japonicum): FA3, RACA6, USDA110, and IRJ2180A before
planting. Furthermore, Nitrogen (N) fertilizer (20 kg/ha, urea) was applied to
seedlings without inoculation, and uninoculated seedlings (without inoculation
and without fertilization) served as control. The experiment was, therefore, a
factorial arrangement (10 BGN accessions, 4 B. japonicum strains, N fertilizer
application, and an uninoculated control). The yield and yield components of the
inoculated BGN accessions were significantly enhanced at both agroecological
locations and seasons. Among the B. japonicum strains used for inoculation,
RACAG strains significantly enhanced the yield and yield component of TVSu-1698
than other inoculated BGN accessions with a mean value of 6,234 4+ 87 kg ha—1
recorded in both locations and seasons, compared to the result obtained in the
combination of TVSu-1698 with N fertilizer with a mean value of 3,264 + 943 kg
ha—1. By using TVSu-1698 with RACA6 strain, farmers can get 85% more yield
than on average with other genotypes/strains combination, while an average yield
of 60% could be obtained by farmers using N fertilizer application.

KEYWORDS

inoculation, bacteria strains, underutilized legume, fertilizer, yield

Introduction

Bambara groundnut (Vigna subterranea (L.) Verdc) (BGN) is a leguminous crop that
is indigenous to Africa and is widely grown in the Sub-Saharan Africa region (Tan et al,
2020). It is an important nutritious food source that is affordable to rural dwellers (Mbosso
et al., 2020) and is a drought-resistant crop (Olanrewaju et al., 2021b). It can perform well
and produce good crop yield on marginal soil and soil facing water stress, compared to
other leguminous crops (Ajilogba et al., 2022). BGN contains 64.4% carbohydrates, 23.6%
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protein, 6.5% fat, 5.5% fiber, and essential minerals (Halimi
et al, 2019). It is relatively underutilized compared with other
leguminous crops and has often been associated with small-scale
subsistence farming with most of its cultivation and processing
being done by women (Mubaiwa et al., 2018). BGN serves as food
for both humans and animals and it helps in the correction of
nutritional disorders in both humans and animals (Olanrewaju
et al., 2021a). Its roots form a mutualistic association with root
nodule bacteria. This helps to increase the nitrogen availability
in the soil as the bacteria assimilate nitrogen present in the
atmosphere, trap it, and make it available to the plant in the
soil (Babalola et al., 2017). This process eventually helps increase
soil fertility, which leads to improvement in crop yield (Bitire
et al, 2022). The application of chemical fertilizers to improve
the fertility of the soil and enhance crop yield poses a threat to
ecosystems and human health. Hence, the use of biofertilizers to
counter the harmful effect of chemical fertilizers on ecosystems
and human health is being explored (Enagbonma and Babalola,
2019). Biofertilizers are affordable, non-toxic, and very easy to
apply; they help to standardize the soil structure and biodiversity
of agricultural land. Hence, they serve as a good substitute
for chemical fertilizers (Thomas and Singh, 2019). Biofertilizers
also include microbial inoculants which are organic products
containing some specific microorganisms derived from the root
zones of plants. They have been shown to support and increase
the growth and yield of the plant by 10-40% (Kawalekar, 2013).
These biofertilizers colonize the rhizosphere and the interior
of the plant, increasing plant growth when inoculated to the
seed, plant surface, or the soil directly (Raghuwanshi, 2012).
Biofertilizers not only improve soil fertility and crop productivity
by adding nutrients to the soil but also protect the plant from
pests and diseases (Yadav and Sarkar, 2019). It has been established
that the application of biofertilizers to crops helps improve the
growth of the root system, extend its life, degrade harmful
materials, increase the survival of seedlings, and reduce the time
to flowering (Nosheen et al.,, 2021). After the continuous use of
biofertilizers for 3 to 4 years in the field, there is no further
need for their application as parental inocula are sufficient for
growth and multiplication (Bumandalai and Tserennadmid, 2019).
Furthermore, the rate of survival of most exotic rhizobia strains
introduced into the soil often is too low to infect legume plants due
to competition with native rhizobia strains already present in the
soil. It is, therefore, recommended that proper inoculations may be
required to obtain a better symbiosis (Thilakarathna and Raizada,
2017). Most importantly, applications of inorganic N fertilizers to
agricultural crops have been continuously increasing for the last
decades globally. The application of Nitrogen (N) fertilizer at a
different rate was found to increase the vegetative traits, yield,
nodulation, and amino acid content of BGN (Hasan et al., 2021).
Moreover, the introduction of biofertilizers may be utilized in the
agricultural economy to optimally ensure the sustainability of food
production and incorporation into the crop-breeding programs
(Uzoh and Babalola, 2018; Fasusi et al., 2021). Nevertheless, the
use of biofertilizers in agriculture is usually considered safe and
environmentally friendly compared to the chemical fertilizers
(Glick, 20205 Fasusi et al., 2021). Some studies, therefore, suggest
that indigenous rhizobia strains may be better adapted to local
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environmental stress conditions (low/high temperature) compared
to introducing exotic rhizobia. Native rhizobia, therefore, may
have the potential for local commercialization (Thilakarathna and
Raizada, 2017). Research conducted involving the inoculation of
Bradyrhizobium strains significantly increased (from 13 to 40%)
pod yield in groundnut when compared with the uninoculated
control (Asante et al., 2020). Farmers in the tropics usually have
trouble procuring the inorganic N fertilizer to boost their legumes
production due to the high cost, and those that can afford usually
apply below the recommended quantities. Therefore, the objective
of this study is to determine the variability in the yield and yield
components of inoculated BGN accessions through biofertilizers
(B. japonicum strains) in different geographical locations.

Materials and methods

Experimental sites

Experiments were carried out on the field at two different
agroecological locations: Ibadan and Ikenne in Nigeria, from
August-December 2019 and 2020 seasons. Ikenne can be
characterized as having a tropical savanna, wet climate, located
at latitude (Lat) 6° 52’ 56” N and longitude (Long) 3° 42’ 54"
E with temperatures between 22.5°C and 29.5°C. While Ibadan
can be characterized as having a sub-humid climate, located at Lat
7° 21’ 30N and Long 3° 45’ 54 E with temperatures between 21
and 30.5°C.

Field preparation

The fields used for the studies were prepared using a tractor-
driven plow, harrowed to remove plant debris, and 2m plots
were made (row) with a spacing of 25 cm between plots and 1 m
between each block. Wooden pegs were used to demarcate one
block from another. The field was partitioned into three blocks in
both locations and seasons with the aid of wooden pegs.

Experimental design

The experiment was arranged in a randomized complete block
design (RCBD) in both locations and seasons, and plastic pegs
listing the name of the BGN accession and treatment were fixed
into the soil by the side of the plots.

Accessions

Ten BGN accessions: TVSu-378, TVSu-506, TVSu-787, TVSu-
1606, TVSu-1698, TVSu-1739 TVSu-710, TVSu-365, TVSu-475,
and TVSu-305 were randomly selected from early maturing
accessions at the International Institute of Tropical Agriculture
(ITTA) Gene bank.
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Treatments

Four strains of B. japonicum inoculum included in the study
were: FA3, RACA6, USDA110, and IRJ2180A containing 2.8 x 107,
7.2 x 10%, 4.3 x 107, and 1.4 x 107 cfu/ml respectively. N fertilizer
application, urea (20kg N/ha) was applied to seedlings of BGN
accessions that were not coated with B. japonicum strains 2 weeks
after planting. The control had uninoculated seedlings (without
inoculation and fertilizer application).

Field layout

Each of the BGN accessions had six rows in a block (four rows
for B. japonicum strains, one row for N fertilizer, and one row for
uninoculated control) making a total of 60 rows in a block and was
replicated three times (three blocks) making a total of 180 rows (120
rows for B. japonicum strains, 30 rows for N fertilizer, and 30 rows
for uninoculated control) with no border effect.

Culturing bacteria

The B. japonicum strains coated to BGN accessions were grown
on yeast extract mannitol agar (YEMA), (Bikrol et al., 2010). The
samples were maintained in Congo red yeast extract mannitol agar
(CRYMA) at 28°C for 3 days (Bikrol et al., 2010). The strains
were selected from the soil microbiology laboratory (IITA), based
on authenticity (a pot experiment in the growth room at 32°C,
which involved the inoculation of six different strains FA3, RACA®,
USDA110, IRJ2180A, IRc461, and IRc29 on Bambara groundnut
seedlings). The soil used for authenticity was carefully sterilized
using the autoclave at 120°C for 1 h and was allowed to cool before
being filled into 2kg pots in triplicates. Two seeds of BGN were
sown into each pot and after emergence, 2 ml of the broth culture of
the strains were carefully inoculated to the BGN and were carefully
monitored throughout the vegetative stages. At 50% flowering,
plant samples were uprooted for nodulation infectivity and the best
nodulating strains were selected for further studies on the field in
two locations.

Determination of indigenous rhizobia in soil

The amount of the indigenous rhizobia strain present in the
soil in both locations and seasons was determined using the most
probable number before planting was done, The experiments were
set up separately by locations in the growth room (32°C) using
sterile soil in 2kg pots. Cowpea seeds were sown and replicated
three times in the first season (2019), while BGN seeds were sown
in the second season (2020) in the growth room. At 50% flowering,
rhizobia were isolated from nodules on Congo red agar (Woomer,
1994) using the spread plate method. Two undamaged nodule
samples were picked from each plant of BGN and were placed in
sterile water for about 15 to 20 min to rehydrate them after which
they were surface sterilized using 3% sodium hypochlorite for 3
mins. They were then rinsed with sterile water after which they were

Frontiers in Sustainable Food Systems

10.3389/fsufs.2023.1142123

further sterilized with 95% ethanol and then rinsed with six changes
of sterile water (Woomer, 1994). The nodules were then transferred
into sterilized Petri dishes, crushed with a flamed glass rod, and
mixed with a few drops of sterile water. A loop full of the crushed
nodule was streaked on Congo red agar and then incubated at 28°C
for 5-7 days, after which the isolates were purified and identified.

Treatments application

One kilogram of seeds from each BGN accession was coated
with each of the selected B. japonicum strains (FA3, RACAS,
USDAL110, and IRJ2180A) using Arabic gum (20 g) dissolved in
200 ml of warm water to ensure that the B. japonicum strains stick
firmly to the BGN accessions, and were carefully labeled to prevent
mix up and allowed to dry with the seeds (Nodumax, IITA). Six
seeds of each BGN accession were planted in each row in a block
in both geographical locations and seasons. N fertilizer urea 20 kg
ha~! was applied to the seedlings of BGN accessions that were not
inoculated with bacteria strains, and no treatments were applied to
the uninoculated control plots.

Field maintenance

After emergence, seedlings were carefully monitored during the
vegetative stage, and regular weeding was done manually with the
aid of a hoe. Spraying of insecticides (termex) was done to control
insects that might hinder flowering.

Pod characterization

After harvesting, pods were preserved in the drying room
(17°C) and allowed to dry properly before threshing, after which
characterization was done on harvested pods and seeds. Data were
obtained on yield and yield components on harvested pods and
seeds. Data collected on the pod were pod length and width, and
seed length and width which were obtained using the vernier
caliper. The weight of 100 seeds, pod weight per plot, and seed
weight per plot were determined using the weighing balance, while
the number of pods and seeds per plot was determined by counting.

Statistical analysis

Data collected on yield traits were subjected to a four-way
analysis of variance (Accession® Treatments*Location*Season)
using the statistical analysis system (SAS) package and means were
separated using Ducan’s multiple range test (DMRT) at P<0.05
(Zatybekov et al., 2017).

Field history
The fields used for this study (at Ibadan and Ikenne) do not

have any previous record of inoculation of Bradyrhizobium or
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previous cultivation of BGN. The experiment was not sited in the
same spot in the second season in both locations but was sited
a few meters apart from the first season’s experiment to avoid
contamination from inoculation from the first season’s experiment.

Data collections on yield

Data were collected from the harvested pod as described by
the descriptor of BGN, International Plant Genetic Resources
Institute (IPGRI) Rome (Italy), (IITA), and International Bambara
groundnut Network (IPGRI T BAMNET, 2000).

Geographical origin and source of
B. japonicum strains used in the study

The FA3 strain originated from Cameroon and was sourced
from IRAT (IRAT- Institutes de Recherché Agronomiques
Tropicales), (Brunel et al., 1988). The USDA110 strain originated
in Florida, USA with its source from the USDA (United States
Department of Agriculture), (Bai et al, 2003). IRJ2180A and
RACAG strains were from the IITA Headquarters, (Ibadan) Nigeria,
(Okogun and Sanginga, 2003). All the strains have soybean and
Bambara groundnut as major hosts.

Determination of macronutrient and
exchangeable bases in soil

Method of soil collection

Soil samples were collected from both geographical locations
and seasons with the aid of a soil auger in triplicates. After
collection, soils were carefully labeled to prevent mix-up, sieved
using a 2-mm sieve, and air dried at room temperature 32°C before
subjecting it to further analysis (routine analysis, available nitrogen,
phosphorus, organic carbon, etc.).

Method of soil analysis

The % of organic carbon (OC) was analyzed following the
procedure outlined by Walkley and Black (1934), and the % of N
was determined using the Kjedahl method (Mulvaney and Page,
1982). The available Phosphorus (P) analysis was carried out as
described in Brays method (Carter and Gregorich, 2007). The
exchangeable potassium (K), calcium (Ca), and sodium (Na) were
determined by ammonium acetate (Black et al., 1965).

Estimation of yield components

N=3% xL
P=

=IZ
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_ Wx10,000
H= A

S= % x 100 (Leonard, 1980).

Where:

N = yield/plot

X = number of seeds planted in a plot
Y= number of shoots harvested in a plot
L = weight of harvested seed per plot (g)
P = Yield/plant

H = Yield/ha

W = Seed weight/plot (kg)

A = Area of the plot (m?)

S = Shelling %

T = Pod weight

G = seed weight

1ha=10,000 m.

Results

The rainfall distribution pattern recorded in Ibadan in the
first season showed that higher rainfall patterns were recorded in
August, September, and October, but a sudden decline in rainfall
was recorded in November and December which did not pose any
negative effect on the vegetative and the reproductive growth on
the inoculated BGN accessions. This rainfall amount to about 70%
rainfall distribution in the agroecological zones in the first season
(Table 1). Similarly, in Ikenne, the rainfall pattern commenced with
above-average rains in August and September, with a high increase
in October, which eventually declined in November and December
without a negative effect on the vegetative and reproductive stages
of the legumes, and this amounted to 65% in those geographical
locations in the first season (Table 1). Furthermore, in the second
season, above-average rains were recorded in Ibadan and Ikenne
in August with a decline from September through to December,
which amounted to a 30% rainfall distribution in Ibadan and a
25% rainfall distribution in Ikenne. This adversely affected the soil’s
chemical characteristics and eventually affected both the vegetative
and the reproductive stages of the inoculated BGN accessions in
both locations due to low rainfall distribution (Table 1).

Characterization of the soil used in the
studies

The soil in Ikenne was acidic in nature in both seasons, while
the soil in Ibadan was neutral in both seasons. The % of organic
carbon showed that the soil used was normal, while the % of
nitrogen, phosphorus, and potassium showed that the nutrients
were at sufficient levels in both locations and seasons. A higher
% of phosphorus was recorded in the soil used in both locations
and seasons (Table 2). The % of potassium present in the soil used
showed that it was available in moderate quantities. The calcium
from the soil in Ibadan 2019 showed that it was normal, while
the calcium from the soil in Ikenne in the 2019 season was very
high. Higher magnesium values obtained in Ikenne showed that it
was sufficient in both locations and seasons, while lower quantities
of Magnesium were obtained in the Ibadan soil. The particle size
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TABLE 1 Rainfall distribution pattern in both locations and seasons.

10.3389/fsufs.2023.1142123

Locations Year Season Percentage August September October November December
% precipitation (mm)

Ibadan 2019 1 70% 115.3 110.5 112.1 40.2 9.2

Ikenne 2019 1 65% 90.5 90.6 1102 45.2 8.3

Ibadan 2020 2 30% 60.3 30.2 222 15.2 5.2

Tkenne 2020 2 25% 50.1 253 20.2 10.2 42

Monthly mean meteorological data of the experimental sites during Bambara groundnut.

TABLE 2 Physiochemical and biological properties of soil used for the study.

Location

lkenne Ibadan
Year 2019 2019 P value
pH (H,0) 1:2 4.46 =+ 0.08" 4.91 £ 0.09° 6.84 0.1 7.13 £0.11° <0.03
N (%) 0.073 £ 0.02° 0.121 £ 0.01° 0.150 £ 0.013° 0.119 £ 0.02° <0.04
OC (%) 0.329 +0.07° 0.297 + 0.01¢ 0.407 4 0.10° 0.336 % 0.06 <0.01
Bray P (ppm) 13.23 + 4.26¢ 22.46 & 3.43" 15.352 4+ 3.74¢ 52.84 + 6.67° <0.04
Sand (%) 76.00 + 1.16° 76.00 + 1.16° 83.00 + 1.16° 82.00 = 0.00% <0.02
Clay (%) 16.00 & 1.16" 20.00 = 2.00°* 10.00 = 0.00° 8.00 == 0.00°¢ <0.01
Silt (%) 6.00 £ 1.15° 3.00 £ 1.15° 7.00 £ 1.15% 10.00 =+ 0.0* <0.04
Ca (Cmol/kg) 3.530 £ 2.50° 1.505 & 0.24% 1.216 £ 0.10® 1.101 £ 0.30° <0.01
Mg (Cmol/kg) 0.80 £ 0.37° 0.404 + 0.02% 0.075 £ 0.01% 0.158 = 0.05° <0.05
K (Cmol/kg) 0.560 £ 0.24% 0.242 + 0.06% 0.137 £ 0.02° 0.201 = 0.02% <0.04
Na (Cmol/kg) 0.076 == 0.01% 0.082 %+ 0.00* 0.055 = 0.02° 0.057 + 0.01° <0.005
EC (Cmol/kg) 4.96 + 1.56* 2.23 4 0.57% 1.29 + 0.56" 1.47 4 0.48° <0.017
Zn (ppm) 1.964 + 1.67* 1.196 4 0.19* 1.19 4 0.10° 0.66 =+ 0.04° <0.009
Cu (ppm) 1.167 £ 0.62% 2.045 %+ 0.19* 0.86 4 0.11¢ 0.97 +0.22° <0.089
Mn (ppm) 12.15 4 10.5¢ 116.7 + 3.31° 244.20 + 18.4% 383.6 4 33.4° <0.050
Fe (ppm) 25.58 & 7.47° 88.29 =+ 4.08" 133.33 4 3.33% 114.4 + 3.85® <0.026
Glomus 106 117 135 152 -
Acaulospora 192 185 202 208 -
Enthrophospora 25 28 34 32 -
Spore/100 gdwt 380 392 412 432 --
Rhizobia (cfu/ml) 2.03 x 10° 2.47 x 107 1.53 x 10° 1.83 x 10°
Soil textural class Loamy sand Loamy sand Loamy sand Loamy sand -

“Highly significant, "significant, “not significant.

analysis was determined by the hydrometer method. The class of
the soil, due to the proportion of each particle, showed that it was
loamy sand because it ranged from 76.00 to 83.00% for % of sand,
% of clay ranged from 8.00 to 19.00%, and the % of silt ranged
from 3.00 to 10.00%. The recorded mycorrhizal spore count was
low in Ibadan soil in 2019 and 2020, with a mean value of 382 and
392 respectively, compared to Ikenne with a mean value of 412 and
432, in both seasons (Table 2). The number of indigenous rhizobia
present in the soil was determined using the most probable number
(MPN). In Ikenne it was 2.03 x 10° cfu/ml and 2.47 x 107 cfu/ml
in 2019 and 2020 respectively, while in Ibadan, the values obtained
were 1.53 x 10? cfu/ml and 1.83 x 10° cfu/ml in 2019 and 2020
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respectively. The available rhizobia count in the soil was moderately
abundant (Vincent, 1970).

Rainfall pattern during BGN production in
both locations

Adequate rainfall, ranging from 110mm to 115mm, was
recorded in both locations (Ibadan and Ikenne) throughout the
cultivation of the BGN accessions in the first season, but a slight
break in rainfall was recorded in the second season in both
locations for a few months, and the alternative means of water
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was introduced using irrigation in both locations but could not
sustain the underutilized legume compared to the natural rain,
which adversely affected the yield of inoculated accessions of BGN
in the second season. The absence of rain caused a significant
decrease in pod formation in both locations in the second season.
This eventually resulted in low yield and yield components in both
locations in the second season.

Response of BGN accessions to
B. japonicum strains inoculation

Analysis of variance showed that significant differences were
recorded among BGN accessions in yield and yield components
obtained in Ikenne and Ibadan in both seasons except for some
common yield traits (Tables 3, 4). Furthermore, no significant
differences were recorded among the B. japonicum strains
inoculated to BGN accessions in the yield and yield components
recorded in Ibadan and Ikenne separately in 2019 and 2020, except
differences that were recorded in yield/plot and yield/ha in Ibadan,
2020 (Tables 3, 4). Most importantly, significant differences were
not recorded in the interaction of BGN accessions with treatments
in the yield and yield components in Ikenne and Ibadan (Tables 3,
4). The break in rainfall recorded in the second season resulted in
a 60% decrease in yield compared to the first season. Moreso, the
highest values were recorded in pod length (p < 0.0001), width
(p < 0.0.001), the weight of 100 seeds (p < 0.0001), yield/plot
(p < 0.0001), yield/ha (p < 0.0.0001), pod/plot (p < 0.0001),
the weight of pod/plot (p < 0.0001), the weight of seed/plot (p
< 0.0001), and shelling % (p < 0.012) in TVSu-305, TVSu-365,
TVSu-1739, and TVSu-1698 compared to other inoculated BGN
accessions (Table 5). Furthermore, TVSu-1698 showed the highest
mean value on yield and yield components in both locations
compared to other inoculated BGN accessions (Table 5). The
result of the second season revealed that no significant differences
were recorded among the inoculated BGN accessions in pod
length, width, seed length, and width except in TVSu-378 and
TVSu-787 in both locations (Table 6). A significant difference was
recorded in the weight of 100 seeds (p < 0.0001), yield/plot (p
< 0.0001), yield/ha (p < 0.0001), pod weight/plot (p < 0.0001),
and seed weight/plot (p < 0.0001) in TVSu-1739 and TVSu-
1698 and were not significantly different from other inoculated
BGN accessions except TVSu-378 and TVSu-787 (Table 6). There
was also no significant difference recorded among the inoculated
BGN accessions in both locations in the pod length and width
and seed length and width (Table 6). Significant differences were
recorded in the inoculated BGN accession TVSu-1698 (p < 0.0001)
which showed higher yield and yield components compared to
other BGN accessions in both locations in the second season
(Table 6). Reduced shelling percentages were recorded in both
locations and seasons, which showed that the biofertilizer increased
the grain size and yield of the BGN accessions and reduced the
shelling percentages in both locations and seasons (Tables 6, 7).
The result eventually revealed that in the first, second, and both
seasons combined, TVSu-305 and TVSu-1698 responded to the
inoculation with high yield and yield components in both locations
and seasons than other inoculated BGN accessions which were
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TABLE 3 Analysis of variance showing the effect of treatments on yield and yield components of BGN accessions in lkenne, 2019 and 2020.
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**Highly significant, *significant.
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TABLE 4 Analysis of variance showing the effect of treatments on yield and yield components of BGN accessions in Ibadan, 2019 and 2020.

Source Pod Ibadan Seed Seed Yield/ Yield/ Pod Pod Wagt Yield/
of variation Lgth Lgth Wdth Pt (g) Ha Lgth Wdth 100seeds Pt (g)
(mm) Pod (mm) (mm) (kg) (mm) (mm) (mm)

wdth

(mm)
Accessions 9 159.5% 98.7%* 133.6* 50.3** 3,687.4% | 2,4962" | 1268.7* 55.15"* 28.23% 16.17 459" 2,771.89* 2,534.8* 3,536.3*
Treatment 5 32.98 ns 7.12" 92.6™ 11.9% 437.29™ 839.07" 2,628.4 38.06™ 6.52" 7.35" 4,041 1,711.9 2,770.5* 3,253.5%
Acces* Treatments 45 29.25™ 16.3™ 49.8™ 7.841 437.29" 693.34" 2,942.3" 21.44" 6.27" 3,940 1.997 1,138.7% 1,112.1% 1,699.0%
Replicates 2 54.95" 163" 47.2 8.63" 224.76™ 787.517 2,435.9™ 44.70™ 55.47% 55.38* 42.45% 2,819.9™ 101.5™ 3,582.8™

*P < 0.01 Significant, **P < 0.05 Highly Significant, ns, not significant; Lgth, Length, wdth, width; pt, plot; mm, millimeter; g, grams; kg, kilogram; Ha, hectare.

TABLE 5 Effects of treatments on yield and yield components of BGN accessions in Ibadan and Ikenne in the 2019 cropping season.

Accession Pod Wagt i Yield/ Seed Shelling
Lgth 100seeds wgt/pt %
TVSu-305 19.947 12.71% 13.99° 10.14% 72.46% 89.32b¢ 1,641.7°¢ 83.42¢ 90.37> 85.33bcd 50.59> 42.05%
TVSu-475 18.31% 12.94% 13.45° 9.98%¢ 55.51%4 89.32b<d 1,635.7% 117.06%¢ 98.11° 117.72° 52.54% 42.81%
TVSu-1739 18.18% 13.43 14.41% 10.75* 76.16° 76.12b<d 1,445.2b<d 95.09< 86.31¢ 82.86<d 48.71%¢ 42,67
TVSu-365 17.62¢ 10.27¢ 11.93? 8.724 45.77° 90.425 1,670.8% 142.76° 94.025¢ 151.62° 57.00° 39.53b¢
TVSu-1698 17.61% 11.93b 13.29 9.97%¢ 62.59" 118.75° 2,374.9* 135.47° 121.09* 162.38° 75.88 31.36°
TVSu-710 16.93b 10.63% 12.69* 8.714 44.03¢ 39.68¢ 774.6° 94.80°4 49244 80.50°¢ 28.08¢ 45.83%
TVSu-1606 16.83% 11.80bd 12.87¢ 9.70bcd 61.18> 94.32° 1,885.7° 43.38¢ 37.06¢ 36.12¢ 222094 4432
TVSu-378 16.42° 10.82¢4¢ 12.11° 8.924 40.60° 35.68 776.9° 104.820¢d 47.07¢ 64.79% 22.69¢ 51.04°
TVSu-506 15.944 12.16" 13.00° 10.02% 54,244 58.29% 1,130.6% 55.80¢ 42.10¢ 43.87¢ 23.18¢ 44,42
TVSu-787 14.49¢ 10.87¢¢ 14.19° 8.994¢ 40.29° 67.27" 1,355.3¢ 129.37% 72.17¢ 102.29% 40.41° 42.89%
P value <0.0001 0.0001 0.0006 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.012

Mean with the same letter are not significantly different at 5% level of probability using the (Dmrt). Lgth, Length; wdth width; pt plot; mm, millimeter; g, grams; kg, kilogram; Ha, hectare; wgt, weight, %, percentage.
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TABLE 6 Effects of treatments on yield and yield components of BGN accessions in Ibadan and Ikenne in 2020 cropping season.

Accession  Pod Lgth Pod Wgt100 Yield/pt Yield/ha Pod/pt Pod Seed/pt Seed Shelling%
wdth seeds (g) (<) ) wgt/pt wgt/pt
TVSu-305 12.43° 8.57% 7.40% 5.56% 72.63* 46.41%° 145.56% 43.89"¢ 38.55 41.42° 29.11% 24.55%
TVSu-475 10.67% 7.77* 6.54%0¢d 4.77%¢ 51.93%¢ 34,7%bcd 106.562¢ 41.65" 32.18%¢ 39.54% 21.4920ed 32.04°
TVSu-1739 11.14% 8.26 7.70°% 5.69° 73.57% 42.65%¢ 163.47° 40.68> 42.15% 41.03% 32.66* 28.57%
TVSu-365 10.69%° 6.75 6.12%0<d 4.53%¢ 54.6%¢ 38.522b<d 116.26%4 46.70° 31.15%¢ 44.49% 23.91°¢ 20.46%
TVSu-1698 10.16% 7.59* 7.26%¢ 5.14%¢ 66.72% 49.69* 167.94° 54.31° 41.17° 53.88° 32.10° 17.88%
TVSu-710 9.77% 6.81% 6.40%<d 4.97%¢ 47.58%b<d 27.07%0<d 84.0220<d 41.04%¢ 21.942bcd 39.53% 16.60%4 22.98%
TVSu-1606 9.66% 7.22° 6.20%<d 4.62%¢ 63.75% 34.04%0<d 105.0320¢d 31.425¢ 29.29%¢ 32.47% 21.40%0<d 21.51%
TVSu-378 7.873¢ 7.79* 4.89%4 4.03% 39.57bd 20.86b<d 64.84b<d 32.15% 16.81b¢<d 31.32% 13.27><d 18.54%
TVSu-506 10.26%° 8.62° 6.75%¢d 4.98%¢ 58.79%¢ 36.26% 104.55%0<d 39.83% 29.93%¢ 36.14% 21.0430cd 28.11°
TVSu-787 7.91% 4.87° 5.13bd 3.63° 35.01%¢ 16.444 59.16< 23.72¢ 12.71¢4 22.75° 9.59<d 26.24%
P value 0.0021 0.2731 0.0002 0.0009 <0.0001 <0.0001 <0.0001 0.0009 <0.0001 0.0036 <0.0001 0.0254

Mean with the same letter are not significantly different at 5% level of probability using the (Dmrt). Lgth, Length; wdth, width; pt-plot; mm, millimeter; g, grams; kg, kilogram; Ha, hectare; wgt, weight; %, percentage.

TABLE 7 Effect of treatments on BGN accessions in Ibadan and lkenne in both cropping seasons.

Accession  Pod Lgth Wgt100 Yield/pt Yield/ha Pod/pt Pod Seed/pt Seed Shelling
seeds (g) (9) wgt/Pt wgt/Pt %

TVSu-305 15.35% 10.11% 10.11% 7.43% 69.52¢ 64.15° 825.23b¢ 60.18d¢ 60.69%° 59.82b<d 37.745° 31.55%¢
TVSu-475 14.49% 10.35° 9.99% 7.382b¢ 53.72b¢ 56.31° 871.1%° 79.350<d 65.14° 78.63%¢ 37.01° 37.42°
TVSul739 14.41%¢ 10.66° 10.86* 8.073° 73.81° 58.33% 784,3b<d 66.56"d 63.03 60.79°4 40.01%° 35.03%
TVSu-365 13.58%cd 8.27°b¢ 8.58% 6.48°%¢ 48.71bcde 60.89% 812.7°%¢ 87.65% 64.76° 100.33% 40.96% 29.79°b¢
TVSul698 13.39%bcd 9.43%¢ 9.90% 7.28%b¢ 62.91% 80.92° 2,205.5% 91.13° 77.76 103.62° 51.88° 23.83b¢
TVSu-710 11.942bcd 7.847b¢ 8.49% 6.11¢ 42.14¢de 30.064¢ 364.7° 60.02% 31.49¢ 53.31¢de 20.00c 30.59%¢
TVSul606 10.91¢4 7.87%¢ 7.75° 5.81%¢ 53.97b¢ 51.08" 733.5bcde 31.38" 28.03¢ 29.284¢ 18.72¢ 26.763¢
TVSu-378 11.59%4 8.97°b¢ 8.11% 6.17> 38.82¢d¢ 27.43% 403.19f 65.68%d 30.51¢ 46.46% 17.39¢ 33.09%
TVSu-506 117754 9.37°b¢ 8.79% 6.66°¢ 51.99b<d 42,4204 523,3¢def 43.17¢f 32.50¢ 36.35% 20.18¢ 32.56%
TVSu-787 10.79¢ 7.57°b¢ 9.27% 6.06> 36.53% 39.99bede 669.6><de 72.952<d 40.43b¢ 59.68b<d 23.88¢ 33.38%
P value <0.0001 <0.0001 0.0006 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0011

Mean with the same letter are not significantly different at 5% level of probability using the (Dmrt). Lgth, Length; wdth, width; pt-plot; mm, millimeter; g, grams; kg, kilogram; Ha, hectare; wgt, weight; %, percentage.
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not significantly different on yield and yield components (Table 7).
But significant differences were recorded among the B. japonicum
strains inoculation when both locations were combined in both
seasons (Table 8).

Interactions between accessions, strains,
location, and season

The results obtained from the analysis of variance indicated
that significant differences were recorded among inoculated BGN
accessions and B. japonicum strains inoculation in the yield and
yield components (Table 8). Furthermore, significant differences
were recorded in both seasons, and locations, and replicated in
some of the yield and yield components that were measured
but no significant differences were recorded in seed width and
weight of 100 seeds in both locations and seasons (Table 8). The
results recorded in the interaction of accessions with strains,
accessions with seasons, and accession with locations, reflected
significant differences in some yield components such as pod/plot,
yield/ha, yield/plot, the weight of pod/plot, seed/plot, and weight
of seed/plot but no significant difference was recorded in seed
size. Furthermore, there was no significant difference recorded
in the interaction of treatments between the seasons, and the
interaction of seasons with the location in all the yield components
measured (Table 8). Moreover, in the interaction of seasons with
locations, accessions with strains, and seasons with locations,
significant differences were recorded in some of the yield and yield
components (Table 8). The analysis of variance eventually showed
variation in the yield and yield components of independent and
interaction of variables which reflect the impact of the inoculation
on BGN accessions. The analysis of variance indicated that
significant differences were recorded among the strains inoculated
to the BGN accessions in the yield and yield components (Table 8).

Interactions between BGN accessions and B. japonicum strain
were recorded (Table 9). Significant differences were recorded in
the interaction of BGN accessions with B. japonicum strains in the
yield and yield components. Different variability was recorded in
the yield and yield components of inoculated BGN accessions in
both locations and cropping seasons (Table 9). The highest pod
length and weight of 100 seeds was recorded in the combination of
TVSu-305 with IRJ2018 A with mean values of (26.7+ 2.78 mm and
88.5+ 6.67 g respectively) (Table 9). Moreso, the highest yield/plot
was recorded in the combination of TVSu-365 with USDA110 with
a mean value of (195.3% 39.7g) compared to other combinations
(Table 9). Furthermore, the highest pod and seed width was
recorded in the interaction of TVSu-305 with RACA6 with mean
values of 15.14 0.17 and 14.7+ 2.19mm respectively (Table 9).
Finally, the highest weight in pod per plot and yield per hectare
was recorded in the interaction of TVSu-1698 and RACA6 with a
mean value of 327.24 205.5 g and 6,234+ 86.70 kg/ha respectively.
The interaction of BGN accessions with B. japonicum strains
revealed the relevance of inoculation on the legume genotype
across locations, as different variability was recorded on yield and
yield components of inoculated BGN accessions (Table 9). In some
instances, higher values were recorded in the uninoculated control
over the N fertilizer application. The highest yield recorded by
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TVSu-365 in the uninoculated control (4,236.3+ 856.3 kg/ha) was
a result of the genotype responding to the indigenous rhizobia in
the uninoculated control better than other BGN accessions and
the result obtained in TVSu-365 can also be attributed to the
response of the indigenous rhizobia with genotype, in relation to
the environments, and seasons (Table 9). TVSu-1606 and TVSu-
1739 showed higher values in uninoculated control than N fertilizer
application in the yield/plot and yield/ha recorded, which was also
due to the presence of the indigenous rhizobia in the soils in both
locations. The response recorded among the BGN accessions can
also be because TVSu-365, TVSu-1606, and TVSu-1739 (genotype)
responded to the indigenous rhizobia in the soil, compared to other
BGN accessions.

Figure 1 shows the result obtained by inoculating BGN
accessions with B. japonicum strains. Different variability was
recorded in the yield traits with the highest mean value seen
in TVSu-365, TVSu-1698, TVSu-475, TVSu-305, and TVSu-1739
compared to other inoculated BGN genotypes. The results further
revealed that no significant differences were recorded between
TVSu-1698 and TVSu-365 in the yield/plot, yield/ha, pod weight,
seed/plot, and seed per plot, but were significantly different from
other inoculated BGN genotypes (Figure 1). While no significant
differences were recorded among TVSu-475, TVSu-305, and TVSu-
1739 in the pod length and width, seed length and width,
and weight of 100 seeds, they were significantly different from
other inoculated BGN accessions (Figure 1). A higher shelling %
was recorded in TVSu-506 compared to other BGN genotypes
(Figure 1). The cluster dendrogram shows the response of the
BGN genotypes to the inoculation (Figure 2). It reveals that TVSu-
1698, TVSu-1739, and TVSu-305 are not significantly different but
are significantly different from TVSu-378, TVSu-710, TVSu-1606,
TVSu-787, TVSu-365, and TVSu-506 which, among them, are not
significantly different (Figure 2). Figure 3 illustrates the differences
in the yield traits recorded among the BGN genotypes. It reflects
equal variability in pod length and width, seed length, yield/plot,
yield/ha, and seed/plot. Likewise, equal variability was recorded in
the seed wgt/plot, pod weight/plot, and seed width (Figure 3).

Discussion

The differences recorded in the yield and yield components of
the inoculated BGN accessions in both agroecological zones, in the
second season compared to the first season, were a result of low
rainfall and a break in rainfall recorded in the second season, which
resulted in an average of 60% decrease in yield in the second season.
Most importantly, the soil contributed partially to the improvement
of the yield and the yield component recorded. The result of
the soil sample showed that macronutrients, micronutrients, and
biological nutrients needed for crop sustainability were available in
adequate quantities in the soil, which buttressed the inoculation
of the B. japonicum strains with enhanced optimum yield and
yield components of BGN accessions. This is in accordance with
an experiment conducted by Singh et al. (2022) which concluded
that inoculation of beneficial microbes enhanced plant acquisition
of macronutrients and micronutrients in legumes. Soil quality
is a major factor that cannot be over-emphasized. The essential
nutrients needed by the crop for optimum growth and development
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TABLE 8 Analysis of variance showing the effect of treatments on yield and yield components of BGN accessions in Ibadan and lIkenne in both seasons.

Source Pod Lgth Pod Seed Wagt 100 Yield/pt yield/ha Seed/pt Wagt
(mm) Wdth Wdth seeds (9) (kg/ha) seed/

Shelling

Pt% (g)

Accessions 9 157.89*" 80.14" 66.29°" 41,33 11,572 19,516.19** 4,516,451 2527549 | 23,5186 | 39,987.39* | 10,103.8"
1,104.44

Treatments 5 37.89m 53.94" 52.68* 12.15% 1,987.91* 2,327.35% 565,048.9" 3,253.76" 1,794.03* | 237335 1,083.01*
278.90ns

season 1 4238.9% 1,278.9* 5,296.93* 2,696.2% 6,422.29" 201,741.8* 26833 505,919.5% | 272,160.4" | 414,765.6" | 52,271.9**
25,857.22%

location 1 2,966.4" 2,231.0 4,875.5%* 4,066.9™ 21,817.9* 230,306.6" 1.0923** 554,858.6™ | 4014413 510,664.9%  102,848.9%*
7,939.70**

Rep 2 201.59%* 43.007 211.75% 43.02 574.42% 693.30™ 1347 360.86™ 356.96™ | 7,35233™ 160.69"
930.24

Acces* Treatment 45 26,611 25.44" 21.94m 7.71m 759.33* 1,665.43* 570,363.7* 2,968.66" 2,138.72" | 5237.34% 789.09™
329,20

Accesions*season 9 60.06" 35.15m 39.23m 17.50* 986.93™ 6,257.61" 3,649,903** 20,459.03 | 1229621 | 26,87041% | 4,297.76"
509.89"

Accesions*locaton 9 47.89" 29.731 41.97™ 10.92 510.95™ 9,438.24" 2,705,124** 15,403.54" | 10,086.17** | 28,445.74* |  4,562.71*"
556,62

Treatment*season 5 19.15% 17.53% 29.23" 2.77m 591.48™ 3,546.55" 473,516.6™ 2,457.12™ 1,628.54™ | 1,047.16™ 900317
218.67™

season*location Acces* treat* seas | 145 51.37™ 1,016.4" 125.96" 686.91* 8.01" 332,521.6" 11322 569,157.2* | 459,783.1""  462,964.6™  128,785.2**
20.417 24.96" 18.60™ 5.96™ 662.28™ 1,389.81™ 584,997.9* 204.43™ 2,153.62% | 3,749.15% 1,776.01*

1,391.67"

429.64™

Ace*treat*sea*loc 45 20.417 18.81™ 18.43™ 5,83 445.15™ 2,296.82" 889,695.4™ 2,822.56" 2,493.77° | 5,679.69"" 1,005.93*"
429.43ns

*P < 0.01 Significant, **P < 0.05 Highly Significant, ns, not significant; Lgth, Length; wdth, width; pt, plot; mm, millimeter; g, grams; kg, kilogram; Ha, hectare; wgt, weight.
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TABLE 9 Mean and standard error of yield and yield components of BGN accessions in Ibadan and Ikenne in both cropping seasons.

Accessions Treatments Pod Lgth Pod wdth Seed Lgth Seed wdth Wgt100 Yield/pt Yield/ha Seed/Shelling
(mm) (mm) (mm) (mm) seeds (9) (kg/ha) pt ()%
TVSu-365 FA3 20.1 4+ 2.37° 11.8 +2.57° 15.8 +0.73% 10.1 £ 2.57% 57.8 4+ 19.9° 96.4 4 38.74 1,928.3 & 774.0¢ 147.8 + 93.4%¢ 59.8 4 26.4
38.14 + 24.95°
RACA6 21.6 & 0.86* 8.43 +2.84° 15.3 4 1.76* 6.84 + 2,58 49.8 + 2.86" 176.9 + 24.5° 3,536 4+ 492.7° 2262 +77.3° 138.8 +33.7%
19.50 + 15.49¢
USDA110 20 + 5.250° 11.1 4 0.96* 12.8 +3.23% 9.8 £1.57° 47.1 £ 6.29 195.3 +39.7 3,906 4 793.8% 174.8 + 35.3° 118.6 + 28.1°
28.99 + 17.09°
TRJ2180A 15.4 + 13.6b 8214 7.31° 10.6 +9.22% 7.22 4 6.45> 32742834 97.2 4 98.3¢ 1,943.7 & 1,965.3¢ 86.5 4 75.7° 48.3 + 42.49
25.92 4+ 23.31°
N 18.9 4 5.50% 9.89 4 1.93% 13.9 4 2,57 8.68 - 1.94%° 46.0 4 4.36° 145.4 + 85.6 1,703.6 + 614.44 153.5 4 29.8"¢ 87.9 + 29.6"
27.04 + 18.13
CONTROL 21.9 +2.94° 1124+ 1.92° 14.23 £ 2.53? 9.29 + 0.88° 52.9 4 2.42° 111.8 + 43.44 4,236.3 + 856.3% 201.6 + 79.1% 136.8 + 58.1%
28.88 + 18.82"
TVSu-305 FA3 17 4 14.70 9.04 + 7.86" 9.66 =+ 9.38° 6.86 = 6.19° 50.2 + 43.5¢ 74.4 + 78.64 1,487.3 + 1,571.9¢ 97.5 + 115.2¢ 63.3 £ 82.64
25.97 + 16.094
RACA6 23.3 + 3.85% 15.1 4 0.17% 18.4 4 0.67* 14.7 +2.19* 87.8 + 8.85° 150.1 4 95.2% 3,002.6 + 1,904.9 218.8 + 36.39* 89.7 + 44.9°
43.18 +22.18*
USDA110 227 +3.91% 14.36 + 3.64* 14.4 +2.19° 11.1 + 2.44%® 75.9 4 9.43° 139.4 + 66.3" 3,500 4 2,721.4* 168.4 + 72.3° 110.2 +59.3*
30.1 4 13.73¢
TRJ2180A 26.7 +2.78* 12.22 4 3.69% 14.4 4+ 4.19° 9.85 + 3.29°® 88.5 & 6.67° 153.2 & 36.0° 3,064.7 4 720.0° 103 = 35.3¢ 27.34+12.3¢
35.84 + 10.88"
N 24.6 + 6.73° 15.5 + 0.52° 20.18 + 3.21% 13.39 =+ 1.39° 84.1 + 5.98% 129.5 + 48.5b¢ 2,590.7 + 969.9° 126.4 = 64.00¢ 70.1 & 43.8°
29.44 + 19.68°
CONTROL 14.7 + 13.6° 9.15 4 7.89° 12.21 £ 10.7¢ 8.44 + 7.40° 61.3 4 53.8% 107.6 = 94.4 1,089 + 1,591.3¢ 91.9 4 79.8° 53.8 4 47.24
24.76 + 15.66¢
TVSu-378 FA3 18 + 3.550%° 11.540.132 14.2 4 0.15% 10.2 4 0.08? 34.4 + 3.96° 20.21 £ 6.924 404.2 4 138.3" 38.8 £16.1¢ 12.18 + 6.39¢
34.18 + 28.02°
RACAG6 18.2 4 2.86% 12.5+1.22% 14.9 4 2.53% 11.00 + 0.50* 44 4 11.79* 452 422.1° 904.5 + 441.1° 72.17 4 22.04° 31.79 £ 13.16"
34.98 + 21.56"
USDA110 20.1 & 2.10% 124+ 1.64° 14.18 £ 1.32% 11.04 £ 1.59° 37.9 4 9.22° 43.07 + 26.03" 1,786.3 & 1,142.1° 83.8 & 64.8° 35.03 & 23.04°
36.07 + 23.21°
IRJ2180A 14.9 + 2.66° 9.70 & 0.54° 10.3 £ 1.74° 825+ 1.26% 40.3 + 4.10° 66.3 & 19.9° 1,326 =+ 395.5" 83.3 4 52.2° 37.5 4 19.32°
25.65 =+ 19.824
N 18.5 + 4.10% 11.8 + 1.11° 15.49 + 3.00% 9.96 4 0.92% 44.5 + 3.59° 30.76 + 7.97° 615.3 + 159.5¢ 7537 + 17.8° 25.64 + 6.65°
32.75 + 30.58°
CONTROL 23 =+ 11.40° 10.8 + 0.44% 19.5 + 7.66* 9.45 4 1.88% 342 47.93¢ 433 + 34.4° 866.6 + 687.94 66.04 + 12.48" 36.11 + 28.66°
33.09 = 23.53%¢
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TABLE 9 (Continued)

Accessions Treatments Pod Lgth Pod wdth Seed Lgth Seed wdth Wgt100 Yield/pt Yield/ha Pod/pt Seed/Shelling
(mm) (mm) (mm) (mm) seeds ()] (kg/ha) (9) pt ()%
TVSu-475 FA3 20.9 4 3.21° 1321 £0.312 17.8 +£2.34% 11.5 £ 0.89* 633+ 11.7° 111.6 = 26.9" 2,232.3 + 540.3° 157.9 £ 92.4° 72.9 4 42.8°
34.25 + 17.59°
RACA6 20.5 4 5.23° 13.6 +0.72° 17.6 + 1.80* 12.6 + 1.04* 582 4 15.4° 103.9 = 56.3° 2,078.6 + 1,126.7° 155.7 £ 90.3° 74.9 4 50.2°
34.51 £ 17.35°
USDA110 20.2 4 3.81° 13.34+0.73° 14.7 £ 2.54° 11.2 £2.74% 60.1 & 6.71° 101.5 £ 15.9° 2,031.6 + 319.5° 132.4 + 35.9° 67.8 4 19.2¢
32.18 +21.65¢
IRJ2180A 15.5 4 3.34° 12.9 + 1.64% 12.4 +£2.19° 103 £ 1.16 59.8 4 10.8° 125.5 +29.9* 2,510 4 597.9° 176.3 + 46.9* 91.9 4 31.1°
34.51 +9.71°
N 23 + 2.260° 14.5 4 0.77% 18.5 4 0.63* 12.8 4+ 1.87* 61.1 = 4.54% 98.2 + 50.2¢ 1,964.3 + 1,003.3¢ 153.9 4 68.8" 81.8 + 41.8%
51.60 + 44.48°
CONTROL 19.9 4 3.320 13.2 4 1.26* 17.08 4 0.35% 11.6 & 1.00* 56.2 + 1.04 122.4 4 51.3% 2,448.6 + 1,026.1% 126.4 + 17.9%¢ 65.1 £ 19.9¢
37.48 + 11.35"
TVSu-506 FA3 18.1 + 0.86° 13.1 + 1.79° 16.7 £ 0.57* 11.6 + 1.44° 58.7 4 9.90° 65.8 & 43.0° 1,233.7 & 1,002.1¢ 68.1 & 20.1° 2754 17.6°
35.68 + 20.94°
RACA6 1354 11.8° 9.19 4 7.98¢ 11.7 £ 10.15 8.47 4 7.34> 39.8 4 34.8° 71.8 4 84.3° 1,436.7 + 1,685.5° 33.03 + 28.7° 17.6 + 15.3¢
28.46 + 19.36%
USDA110 12.8 +12.3¢ 7.59 + 6.73<¢ 10.69 = 9.74¢ 6.25 % 5.57° 37.2 4 34.1¢ 64.8 4 89.2¢ 1,296.7 4 1,783.7° 46.1 +60.1° 23.2428.9¢
25.96 4 21.13¢
IRJ2180A 17.6 4 2.47% 13.1 & 1.16* 15.3 4 0.89° 12.1 4 2.55% 62.5 = 4.09% 82.8 +20.3 1,656.7 & 405.3% 67.0 + 43.1° 38.28 +£22.9°
36.97 + 11.06%
N 156 +0.51° 1222 4 1.23% 147 +0.61° 109 +1.07° 58.5 + 8.49 70.3 £ 195" 1,406.7 + 390.6" 42.1 +4.51° 26.242.02°
31.16 4 22.41°
CONTROL 14.1 +3.34° 125+ 16.8° 11.6 +2.97¢ 9.51 4 1.14° 69.3+7.37% 203+ 11.6¢ 75.10 % 33.10¢ 2114 17.3¢ 153 +6.49
37.14 4+ 18.22°
TVSu-710 FA3 19.3 +4.12° 11.7 + 0.89° 14.6 + 1.49* 10.2 + 1.49* 48.6 + 1.05° 81.6 & 41.1° 1,632 + 822.3° 81.3 4 16.9 55.2 4 35.5°
33.56 % 19.06°
RACA6 18.4 + 3.46° 11.8 +0.96° 14.5 + 1.99* 9.76 + 1.29° 4954+ 11.03* 30.7 & 36.1<¢ 613.3 + 724.3¢ 41.5 4+ 41.4° 20.8 4 23.7¢
29.12 + 26.58"
USDA110 1324114 6.96 =+ 6.18" 10.4 +9.09° 7.18 £ 6.75° 30.4+27.1° 56.2 4 56.9° 1,123.9 + 1,192.1¢ 65.8 = 68.2¢ 413 4 51.4°
30.29 & 25.96°
IRJ2180A 18.9 + 5.90 10.5 = 0.50° 1354 2.18 8.87 4 0.77° 42.8 + 3.56% 79.8 + 41.5% 1,595 4 829.5% 91.4 +53.1° 51.1 + 34.1%
30.83 + 24.20°
N 18.4 %+ 6.10* 10.3 4 1.04* 1444 3.61* 8.64 = 2.06° 40 = 5.700° 62.3 £12.2° 1,245 4 244.6° 107.2 4 18.0° 56.0 + 17.0°
26.18 + 17.92¢
CONTROL 17.1 +3.31% 10.0 +0.24* 14.3 £2.20° 9.08 = 0.89° 41.7 + 493" 37.5423.1° 560.3 =+ 623.6° 66.5 + 4.9¢ 29.5 +13.64
33.54 + 20.20°
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TABLE 9 (Continued)

Accessions Treatments Pod Lgth Pod wdth Seed Lgth Seed wdth Wgt100 Yield/pt Yield/ha Pod/pt Seed/Shelling
(mm) (mm) (mm) (mm) seeds () (kg/ha) ()] pt ()%

TVSu-787 FA3 16.9 + 0.67* 12.7 4 0.94° 15.1 4 0.86* 11.2 4 0.55* 47.7 £ 4.01° 132.5 4 32.4° 2,649.7 + 646.5 151.6 4 29.8° 87.7 £ 29.6%
38.99 + 21.55%

RACAG6 14.8 4 1.24% 11.2 4 1.65* 7.69 12.7 4+ 1.76% 9.92 + 1.96% 40.7 4 6.73" 58.4 + 9.35° 44.1 1,168.8 & 186.9° 91.7 £ 33.2¢ 59.1 38.9 + 6.20°

USDA110 9.82+ 851 +6.66° 8.34 4 7.24° 6.86 & 5.94° 252 421.8° +43.6¢ 888.1 + 872.2" +57.5¢ 31.32+23.42°

2244218

33.61 +26.51°

IRJ2180A 16.2 4 2.43 12.9 4 2.322 142 4 3.44% 10.82 4 1.00* 47.1 + 8.60° 106.1 4 41.9° 2,123.3 + 839.4%¢ 91.8 + 18.6° 49.4 4 10.94

27.78 +22.394

N 154+ 1.14° 9.46 +2.92° 124 + 0.87% 8.5 4 2.630° 47.7 £ 10.7° 98.5 4 46.2 1,698.2 + 1,394.3¢ 98.2+48.7° 49.7 + 32.7°
36.95 + 28.35%

CONTROL 15.6 + 1.212 12.2 4 0.68* 14.5 4 1.69* 11.7 4 1.46* 46.4 + 4.92° 94.4 + 68.8" 2,273.3 + 739.0° 175.1 4 41.9* 98.7 + 24.1°

31.61 £ 29.01°

TVSu-1606 FA3 18.3 4 5.18% 12.5 4 1.41° 13.7 4 2.58% 10.1 = 1.09° 74.1 £ 6.75° 125.1 4 78.5° 2,502.7 = 1,570.1¢ 42.6 4 26.4° 20.9 +13.1¢
30.81 & 19.29%

RACA6 11 4 9.950° 8.02 + 6.96° 9.47 + 8.57° 6.80 == 5.90° 43.8 4 38.7° 140.9 + 122.0° 2,817.3 = 2,440.1° 57.1 + 54.3° 35.4 + 35.8"

24.18 £ 19.32°

USDA110 15.1 + 4.05" 12.5 + 2.86" 13.7 + 3,96 10.2 +2.99° 50.8 & 12,9 49.5 + 77.50° 989.9 4 1,549.4° 23.7 4+ 15.5¢ 8.87 4 12.8¢

32.79 + 29.05°

IRJ2180A 20.6 =+ 4.63* 14 4 1.990* 16.42 4 2.14* 1221 43212 74.9 +2.93° 158.8 4 49.1% 3,169.7 + 983.6* 75.3 + 14.1° 41.3 49.03%

18.63 + 19.45¢

N 1514 13.1° 8.52 4 7.45¢ 11.01 £ 9.57° 6.98 + 6.04° 49.1 4433 61.8 4 58.8¢ 1,235 +1,175.4¢ 33.4439.49 16.8 +20.1%¢

24.53 + 26.95°

CONTROL 16.4 4 2.13" 12.8 4 1.90° 15.04 4 3.14* 11.7 £ 1.96* 57.7 £13.5" 163.3 & 83.3° 3,271.3 & 166.3* 35.8 £19.2¢ 46.1 4 36.9

29.63 + 24.57°

TVSu-1698 FA3 17.443.11° 123 40.33° 14.9 4 2.84° 10.3 4 0.89° 62.8 & 5.35° 220.5 + 43.92° 4,410 + 878.6" 59.7 + 28.22¢ 878.6 + 59.7%
28.42 4 16.21°

RACA6 19.8 4 1.98% 13.2 4 1.05° 15.4 4 2.40° 10.9 4 1.25° 61.7 & 2.69° 311.7 £53.3 6,234 =+ 86.70° 327.2 + 205.5% 155.8 4 26.7°

25.1 4 17.49°

USDA110 19.9 + 3.82% 12.7 + 0.65° 16.3 +2.50 122 +1.14° 61.0 +2.17° 119.3 + 51.3¢ 2,386 + 1,025.3¢ 119 + 32.44 73.9 4 18.3¢

23.8 +10.79¢

TRJ2180A 11 4 9.820° 7.75 4+ 6.81° 9.50 4 8.42° 6.99 + 6.15° 45.6 +39.3¢ 83.7 4 72.50° 1,674 + 1,450.0¢ 101.8 + 88.3¢ 69.9 + 60.6°

18.49 + 8.714

N 2244 0.57° 12.9 + 0.50° 171+ 1.57% 12.7 £ 3.14% 66.9 & 10.14" 163.2 £ 47.2¢ 3,264 %+ 943.2° 153.9 + 74.9° 105.8 + 65.44

18.68 + 11.93¢

CONTROL 22.1 £ 1.55° 12.6 4 0.31° 14.2 4 2.88" 10.55 4 0.91° 69.1 =+ 8.64° 212.3 £ 9.96" 4,245.7 4 198.9 245.1 + 67.6" 165.8 4 45.8°

28.04 + 9.53°
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TABLE 9 (Continued)

Accessions Treatments Pod wdth Seed Lgth Seed wdth Wgt100 Yield/pt Yield/ha Pod/pt Seed/Shelling
(mm) (mm) (mm) seeds ()] (kg/ha) (9) pt (9)%
TVSu-1739 FA3 20.6 = 2.02° 12.4 4 3.75% 14.5 4 2.47° 9.17 - 1.84° 83.8 +11.6° 1304 + 152.0° 3,176.7 £ 2,519.7% 173 4 58.3* 104.3 4 46.2°
30.68 = 12.66°
RACA6 17.3 +1.14° 12.8 + 1.60% 16.1 + 1.16* 10.9 + 1.72° 80.5 & 98.4% 97.7 4+ 53.14 1,307.6 & 1,074.9¢ 115.7 + 34.14 57.9 4 30.9¢
40.29 + 18.43*
USDAI110 18.9 4 3.91° 14 4 1.690* 16.5 4 2.75% 12.6 4 1.35% 72.8 +£11.9° 104.5 4 49.1%¢ 1,519.0 4 1,577.3¢ 177.3 4+ 72.1° 68.4 + 33.3¢
42.40 £ 27.42°
IRJ2180A 20.9 = 4.95° 13.5 4 0.88° 15.2 4 2.99% 11.34 4 0.97° 82.9 + 8.49° 112.8 4 7.09° 2,125.3 + 207.6" 145.1 = 46.9% 70.01 + 31.8°
35.57 + 19.69"
N 12.6 4 11.04 9.11 +7.92> 12.4 4 10.81° 8.35 - 7.39° 52.5 + 45.51¢ 98.2 + 85.104 1,965.7 + 1,702.3¢ 82.2 +71.21¢ 49.1 4 42.6¢
26.38 + 22.85¢
CONTROL 16.6 4 1.8.0° 12.9 4 0.88% 14.0 4 1.420° 11.5 + 0.65" 83.7 £ 7.60° 161.1 4 100.1* 3,222.7 + 2,002.1° 156.2 4 36.3° 107.3 4 66.8°
34.84 +27.51°
F value 1.09 117 0.95" 0.99" 2,107 2.46" 2.51% 3.21% 3.50%*
321
CV (%) 33.1 29.4 32.0 32.0 32.7 55.6 56.9 51.8 54.950.5
P Value <0.0001 <0.0001 0.0006 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0011<0.001

Means with the same letter are not significantly different at P < 0.05 level of probability using the Duncan multiple range test (Dmrt). Lgt, Length; wdt, width; pt, plot; mm, millimeter; g, grams; kg, kilogram; Ha, hectare; wgt, weight.

**Highly significant.
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Principal components analysis (PCA) showing the interaction of the inoculated BGN genotypes and yield traits recorded.
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are readily available in the soil which contributed significantly to
the yield response recorded in the inoculated BGN accessions in
both locations and seasons. This is in agreement with the findings
of Carter (2002) who reported on soil quality for sustainable land
management and food production systems. Also, the pH of the soil
in both locations is another major determinant of the success of
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the production of the legume as low yields were also recorded in
acidic soil (Ikenne) compared to the soil with neutral conditions
(Ibadan). This correlates with the findings of Hackney et al. (2019)
who reported that soil acidity reduces nodulation and legume
yield production. Inoculation of B. japonicum strains enhanced
the yield and yield components of BGN accessions in relation
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FIGURE 3
Principal components analysis (PCA) showing the yield traits of BGN genotypes.

to the environment where the study was conducted. However,
it was noted that the N fertilizer application does not increase
yield over the uninoculated control according to the analysis
conducted on the available indigenous rhizobia present in the soil
in both locations. The results showed that the indigenous rhizobia
present in the soil were in moderate quantities and performed
exceedingly better than the N fertilizer application in relation to
yield and yield components recorded. This is in accordance with
the study by Nyaga and Njeru (2020) who reported an increase in
cowpea growth and production due to potential native rhizobia.
Significant differences were recorded among BGN accessions,
which showed that the underutilized legume responded to the
inoculation in both seasons. The potential of the Bradyrhizobium
strains inoculated to BGN accessions varies, thereby improving the
yield and yield components in both locations and seasons. RACA6
strain improved substantially the yield of BGN accessions by 85% in
both locations and seasons. Furthermore, USDA110 and IRJ2180A
strains improved the yield of BGN accessions by 70%. FA3 strain
improved the yield of BGN accessions by 80% in both locations
and seasons. The response recorded in the N fertilizer application
showed that N fertilizer contributed to yield improvements of BGN
accessions by 60% compared to the uninoculated control with a
yield improvement value of 50% which may be due to the presence
of indigenous rhizobia in the soil used. The response recorded on
yield and yield component of BGN accessions can be attributed
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to the genotype, in relation to the environments, and seasons.
The results obtained are in line with the findings by Allito et al.
(2021) who reported that inoculation of rhizobia increases the
nodulation of faba bean compared to the uninoculated control.
Superior performances were recorded in TVSu-1698 and TVSu-
1739 among other inoculated BGN accessions, across locations in
both cropping seasons. Though variability in yield was recorded
among inoculated BGN accessions on yield and yield components,
inoculation of B. japonicum strains to BGN accessions revealed
significant differences among accessions in yield traits, except
TVSu-1698 which showed a higher response to the inoculation with
more seeds per area compared to other BGN accessions. The results
demonstrated that inoculation of legumes with B. japonicum strains
improves yield, which is in accordance with the study by Santos
et al. (2019) where they concluded that inoculation with rhizobia
and legumes raised great interest from researchers and companies
in the 1970s. The result obtained from the interactions also
revealed the relevance of the inoculation of B. japonicum strains
to BGN accessions showing different variability in the yield and
yield components measured. Furthermore, significant differences
were recorded among the B. japonicum strains inoculated in the
yield and yield components of the BGN accessions recorded. The
success of the inoculation depends primarily on the type of the B.
japonicum strain, the genotype of the legume, the environmental
conditions, and the crop management (Abdullahi and Abubakar,
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2022). Furthermore, significant differences were recorded in both
seasons, locations, the interaction of accessions with strains, the
interaction of accessions with seasons, and interaction of accessions
with location on pod length and width, seed length, the weight
of 100 seeds, yield/plot, yield/ha, the weight of pod/plot, and
weight of seed/plot. This is in agreement with a study conducted
using an Early Maturing Promiscuous Cultivar (TGX 1485) of
inoculated soybean with one of the four B. japonicum strains (R25B,
IRj2180A, IRc461, and IRc291) at Minna, Northern part of Nigeria.
The four rhizobia inoculants increased all parameters including
grain yield (Abdullahi et al., 2020). In addition, differences
were recorded among the yield and yield components of the
inoculated BGN accessions with TVSu-1698 showing a higher
response to the inoculation in both locations in the yield and
yield components measured than other BGN accessions. Precisely,
significant differences were recorded in the fruits (pod), seed
size, shape, and shelling %, in TVSu-1698 compared to other
BGN accessions. Finally, it was obvious that the inoculation of
the B. japonicum strains significantly enhanced the yield and
yield components of BGN accessions than the N fertilizer-applied
plants, and uninoculated control. Though in a few instances,
N fertilizer application also showed a high impact on some
BGN accessions which also reflects the importance of N fertilizer
application, and indigenous rhizobia in the uninoculated control.
The uninoculated plants and N-fertilized plants both produced
nodules from indigenous rhizobia present in the soil (Getachew
Gebrehana and Abeble Dagnaw, 2020). Most importantly, the
BGN accessions responded to the B. japonicum inoculation across
geographical locations and seasons which reflects the importance
of the nitrogen-fixing bacteria (B. japonicum strains) over the
N fertilizer application and the uninoculated control. The most
yield components that were enhanced by the inoculation of the
B. japonicum strains were yield/plots and yield/ha which were
recorded in both geographical locations and cropping seasons
(Asante et al., 2020). In summary, it was observed that the two
native strains (RACA6 and IRJ2180A), and the non-native strains
(FA3 and USDA110) improved the yield and yield components of
some BGN accessions. RACAG6 strain enhanced the yield of TVSu-
1698 compared to the IRJ2180A strain and the two non-native
strains. While the FA3 strain enhanced the yield of some BGN
accessions (TVSu-710, TVSu-787, and TVSu-1739) compared to
the USDA110 strain. The response recorded in the yield of TVSu-
365, TVSu-1606, and TVSu-1739 without inoculation by strains
means that farmers who cannot afford the commercial inoculant
can cultivate TVSu-365, TVSu-1606, and TVSu-1739 and can take
advantage of the indigenous rhizobia in the soil to improve the yield
of the legume.

Conclusion

Using B. japonicum strains to inoculate legumes as a starter
dose is an alternative option for farmers to improve the yield
and yield components of legumes. In this study, the inoculation
of B. japonicum strains significantly enhanced the yield and yield
components of BGN accessions used in both locations and seasons.
Precisely, FA3 and RACAG6 strains enhanced the yield and yield
components of BGN accessions compared to other B. japonicum
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strains and the inorganic N fertilizer in both locations and seasons.
The use of B. japonicum strains, FA3 and RACA6 should be
embraced by farmers in the tropics to improve productivity and
to reduce reliance on inorganic N fertilizer application which most
farmers in the tropics cannot afford, and those that can afford
usually apply below recommended quantities. It is evident that
the inoculation of bacteria strains performed exceedingly well and
improved the yield and yield components of BGN accessions in
both locations and seasons compared to inorganic N fertilizers
applications and the uninoculated control. B. japonicum strains are
easily affordable for farmers and pose no threat to the soil and
human health after use compared to the N fertilizers application
that usually contaminates the soil and causes adverse effects on
human health after use. It may be necessary to conduct this study
in the future using different rates of N fertilizer with B. japonicum
strains on BGN accessions using multiple locations and possibly
increase the number of plants tested per experimental condition.
The findings from this study can help improve legume production
output and combat hidden hunger in developing countries.
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