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Abstract: Bambara groundnut (BG) (Vigna subterranean L. verdc) is a highly nutritious and economically
important leguminous crop of African origin that forms symbiotic relationships nitrogen fixing rhizobia, but it
has a low yield. Currently, there is paucity of information on effective rhizobium inoculant, (to improve the
yield), for BG which are cheaper and safer alternatives to chemical fertilizers. Indigenous rhizobia strains were
trapped from 54 farm soils collected at three Nigerian states (Niger, Kaduna and Kano). Six selected rhizobium
strains (Bradhyrhizobium spp) were identified using 165 rDNA sequencing, applied as inoculant in field
experiment using completely randomized block design and compared with USDA110 strain (Bradhyrhizobim
japonicum), urea fertilizer and un-inoculated plants on 2 selected BG varieties (TVSU1248 and TVSU 631).
Nutrient utilization and nitrogen fixation in plants were determined at 6 weeks while leaf chlorophyll was
determined forth-nightly. Seed yield was determined at maturity. The strains increased the %nitrogen
(1.33+0.10 - 21.37+0.05), and %phosphorous (0.48+0.02 - 20.51+0.02), %nitrogen fixed (21.07+2.38 - 261.30+6.13),
nodulation (72.50+21.075 - 154.00+23.79) and leaf chlorophyll were >49.74+1.47mg/L, >51.82+1.86mg/L and
>49.65+1.56mg/L at 2nd, 4th and 6th week after planting respectively and the yield of BG (from average of 398.6
Kgha to 1454.725 Kgha'). Seed yield was highest (1869.85+273.68 Kgha™) in BG variety TVSU1248 using BN5
strain. Indigenous Bambara-symbiotic strains significantly increased the seed yields, and plant nutrient,
showing their potential as use for inoculant to improve the yield of Bambara groundnut.

Keywords: Bambara- symbiont; Bradhyrhizobium vignea; Efficiency; %Nitrogen-fixed; Nodulation
genes

1.0. Introduction

Bambara nut (Vigna subterranean (L.) Verdc.) (BG) is a grossly under-utilised pulse seed-crop,
believed to have originated from Africa (Nwanna et al. 2005; Kennedy et al. 2021). It is mostly
believed that it originated from West Africa (sahelian region) from among the Bambara tribes-people
very near to Timbuktu in Mali (Nwanna et al. 2005; Ibrahim and Ogunwusi (2016); Tan et al. 2020). It
then migrated to numerous parts of Oceanian, Asian and South American countries (Baudoin and
Mergeai (2001); Basile et al. 2021). It has been found to have many agronomical advantages including,
a high nutrition value, drought tolerance, and ability to survive in soils that are considered intolerable
(Ocran et al. 1998, Anchirinah et al. 2001; Azam- Ali et al. 2001; Khan et al. 2021). It mostly is regarded
as a crop that is able to survive famine (Anchirinah et al. 2001; Azam- Ali et al. 2001, Ibrahim and
Ogunwusi, (2016)), probably due to the association it forms with mycorrhiza.

Bambara groundnut by itself is a completely balanced food because it is fortified with Iron,
contains 19% proteins such as lysines and methionines (Adu-Dapaah and Sangwan; (2004)), 63%
carbohydrates and 6% oil and fatty acid (Minka and Bruneteau (2000); Okpuzor et al. 2010; Basile et
al. 2021). Bambara groundnut has been found to be richer than groundnut in Nitrogen and essential
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amino acids such as isoleucines, leucines, valines, lysines, methtionine, threonine and phenylalanines
(Ihekoronye and Ngoddy (1985); Ibrahim and Ogunwusi (2016);Tan et al. 2020).

Bambara groundnut is consumed in Nigeria and commonly called Okpa (Ibos), kwaruru
(Hausa), epa roro (Yoruba) in Nigeria (Nwanna et al. 2005). It is used in cereal based confectionaries
as composite flour, cake and bread making (Addo and Oyeleke (1986); Brough et al. 1993), used for
the making milk drinks (Tanimu et al. 1990; Brough et al. 1993; Gwala et al. 2020), used directly in
formation of cosmetics (Bamishaiye et al. 2011) and has also been used in the production of tempeh
(Fadahunsi and Sanni (2010); Ibrahim and Ogunwusi (2016); Tan et al. 2020).

Inspite of the useful property-qualities of Bambara groundnut, its production is very minimal
because research on the improvement and production of BG has not been previously looked into in-
depth for numerous years, especially in Nigeria. It has therefore remained neglected, under-utilized
and still does not have a well- developed market. The current production of Bambara groundnut in
Nigeria is about 300,000 metric. A large but insufficient quantity of the beans is produced annually
especially in Eastern and Northern parts of the country due to its relatively cheap production
requirements (Jonathan et al. 2011). As earlier stated, this is still highly inadequate to meet the current
demand(s) which is approximately about 800000 metric tonnes (Mshelia et al. 2011) (Figure 1).
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Figure 1. Production and demand for Bambara groundnut.

Sequence analysis has shown that Bambara groundnut is nodulated by several microorganisms
that belong to both a and 3 Rhizobia spp. (Doku and Karikari (1971); Kanu and Dakora (2012);
Fadimata et al. 2019). Also, Bradyrhizobium, Azorhizobium, Mesorhizobium and Ensifer which are
members of a-proteobacteria have been listed as possible nodulators of Bambara groundnut (Sprent
el al. 2010; Mohale et al. 2013; Fadimata et al. 2019).

Several bacteria under Rhizobia and closely related genera have been able to undergo symbiotic
relationships with leguminous plants resulting in the formulation of nodules in which nitrogen
fixation occurs. Nodules which are formed are results of the differentiating step that occurs in cellular
processes stimulated by exchange of molecule signals which involves the expression of specified
genes in each of the relating partner. When responding to plant flavonoid-compounds, the bacteria
produce a family of lipo-chito-oligosaccharides molecules, called nodulations (Nod) factor, which in
turn initiates nodule developments on root or stem of the legume (Denarie and Cullinore 1993;
Schultze et al. 1994; Ajayi et al. 2020). Rhizobium nodulating (nod, nol, and noe) genes involved in
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producing Nod factors are located primarily on large plasmids, called symbiotic-plasmids or pSyms
(Banfalvi et al. 1981; Rosenberg et al. 1981; Ajayi et al. 2020).

The gene(s) controlling infection, specificity and nodulation in a host specify the synthesis of
Nod factors (NFs) that act as regulators of specified growth on legume-hosts (Fisher and Long (1992);
De’narie and Cullimore (1993); Schultze et al. 1994; Spaink 1995; Ajayi et al. 2020). This process is
called cross-inoculation and also explains why host specificity occurs in legumes. Nod Factors in
every rhizobium species fall in the same chemical family; having tetrameric or pentameric chitin, at
the non-reducing mono-N-acylated end. The backbones, consisting of a chitin oligomer, may be
substituted differently at every end of the molecules, and these substitution(s) are the major
differentiating-characteristic of every rhizobial species defining host-range (Roche et al. 1996; Ajayi
et al. 2020).

Microbial inoculants are useful amendments in agriculture that utilize beneficial endophytes
(microbes) that develop relationships which are symbiotic with the target crops (Timmusk et al. 2017)
and are able to improve the plant health a common example of which are rhizobia spp. Improved
efficiency of nitrogen fixation will increase yield of the Bambara groundnut but, there are no existing
commercial inoculants for BG, hence, the need for research on promising effective Rhizobia strains
for BG and to understand some of the genes responsible for nodulation in Bambara groundnut, their
mechanism of regulation and their suitability, infectivity and effectivity as potential inoculant for
Bambara groundnut. Moreover, in Nigeria, there is limited information on the diversity of rhizobia
species that nodulate with bambara groundnut, hence the need to carry out this study. The data on
distribution and genetic variation among the native rhizobia isolates would aid in selecting novel
rhizobia strains that could be developed and used as bio-fertilizers in bambara groundnut
production.

2.0. Methodology

2.1. Soil collection

The soil samples (a total of 54) used for this experiment were collected from farm sites from ten
local governments in each of three northern states in Nigeria including Kaduna, Kano, and Niger
state. In Kano, soil samples were collected from Doguwa (6 soil samples were collected), Garko (3
soil samples were collected), Bunkure ( 3 soil samples were collected), Bichi, ( 3 soil samples were
collected) and Tundun wada (2 soil samples were collected), Niger state, soil samples were collected)
from Piakaro (6 soil samples were collected), Basso (6 soil samples were collected) and Shiroro (6 soil
samples were collected), while in Kaduna state, soil samples were collected from Kajuru (6 soil
samples were collected), Igabi (4 soil samples were collected), Soba (4 soil samples were collected),
Zango kataf (3 soil samples were collected) and Lere (3 soil samples were collected). These were farm
areas where legumes such as cowpea, ground nut, soybean, bambara etc., were previously planted.

2.2. Variety selection

Five common varieties of BG (TV5Su1248, TVSu631, TVSu644, TVSu49 and TVSu44) were planted
on the field without inoculation and were screened for nodulation and plant biomass by sampling
plants harvested at 8 weeks after planting (WAP) this was due to the longer germination time for
bambara groundnut.

2.3. Isolation and authentication

The soil samples collected (Soil (10 g) was weighed into 90ml of sterile diluent (0.1 g of K2HPOu
and 0.25 g of MgS04.7H:0 in 1 liter of distilled water) (Somasegaram and Hoben, 2012) and stirred
in a horizontal shaker (HS 501 digital IKA-WERKE,GMbHa Co.KK ) for 25 mins to ensure that it was
evenly mixed) were used to inoculate Bambara groundnut which was used to trap several species of
Rhizobium in the soil that are symbiotic with Bambara groundnut under screen house conditions
using four replicates. The strains were authenticated and the six most effective strains were selected
for the field experiment.
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2.4. Broth preparation

Pure cultures of the strains were inoculated in yeast mannitol broth (Vincent 1970) sterilized at
121 °C for 15min at 1atm. The inoculated broth was incubated at 28 °C for 7-14 days (as some of them
were slow growers) until a cfu/mL above 10° was attained (Woomer et al. 2011).

2.5. Field preparation

A field with no previous history of inoculation was selected and was divided into four blocks
and two varieties of Bambara and ten treatments were used in the field trial following a randomized
complete block design (Fahime et al. 2012). Each block was 6 meters wide with a separating distance
of 2 meters and had 40 ridges with 2 ridges for every variety in each treatment. The varieties used are
TVSU1248, and TVSU 631, while the treatments used were BN28, BN7, BN5, BN50, BN1, BN44,
USDAT110 (Plants inoculated with Rhizobia (PIRs)), UREA 20 (+N20), UREA 60 (+N60), and un-
inoculated Control (UNC). A minimum 20kg/ha P (Single Superphosphate) was applied to all
treatments including the controls. Prior to crop establishment, soil evaluation was carried out to
determine fertility of the soil (this was carried out at IITA Soil microbiology laboratory).

2.6. Percentage Nitrogen

After sampling, the shoot were weighed, stored in labelled paper bag and then dried in the oven
at 68 °C for two days or brown dry. The samples were weighed and then grinded to 1 mm using a
grinder after which they were packed in small white envelops and transferred to the laboratory. They
were then stored under dry conditions. Digested samples were used to determine the percentage
nitrogen using the Kjeldahl, method, the readings were taken using a spectrophotometer (Labo Med.
Inc. SPECTRO UV-VIS AUTO UV-2602) at 650 nm (Kjeldahl 1883).

2.7. Percentage Phosphorus

To determine the phosphorous content, the Murphy and Riley procedure was followed using
spectrometry method with readings taken at 880nm using a spectrophotometer (Labo Med. Inc.
SPECTRO UV-VIS AUTO UV-2602) (Murphy and Rilley (1962)). The valves obtained were converted
to percentage values following the standard calculations.

2.8. Leaf Chlorophyll Reading

Plants were selected randomly among plots and chlorophyll was taken by used a SPAD meter
to detect the amount of chlorophyll present in the leaf (three replicates) of the plant. Three leaves
from two plants were selected randomly and the average was calculated to determine the chlorophyll
for each replicate treatment (Uddling et al. 2007; Vollmann et al. 2011). The first reading was taken at
four weeks after planting (WAP), a second reading was taken at 6 WAP (4th week in July, 2018). The
third reading was taken at 8 WAP (2nd week in August, 2018).

2.9. Determination of Weight of Plant Seed

Pod were dried and weighed intermittently till constant weight was obtained in pod, the pods
were then de-shelled by putting the pods in bags and manually beating them with a club to collect
the seed which were then weighed to obtain the weight of the seeds (Somaseghen and Hoben (2012);
Doloum et al. 2017).

2.10. Determination of the Amount of Nitrogen (N2) Fixed

The amount of nitrogen fixed was determined (using Uriede analysis) and compared with that
of the control plants. Stems and stem segments of Bambara groundnut were harvested and leaves
removed. The samples were placed in properly labelled bags and drying was done at 65-80 °C in an
air oven for two days. The plant tissue was grounded and passed through a 60-mesh (1.0 mm) screen
and then stored in a dry place until extraction. The optical density was read at 525 nm on a
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spectrophotometer (Labo Med. Inc. SPECTRO UV-VIS AUTO UV-2602) (Herridge and People
(1990)).

2.11. Yield Performance of Bambara Groundnut Varieties

Plants were harvested at maturity, after which the seed pod were collected and weighed before
drying after drying and after depodding the yield was determined by the number of pods produced,
the size and number of the seeds compared with the control treatment. The yield per plot was
calculated as yield per hectare (Somaseghen and Hoben (2012); Doloum et al. 2017).

2.12. Determined Seed Yield (Kg-ha™):
The yield of seeds obtained from plants was calculated in Kg/ha using the formula below:
Yj= ((Kx10000))/(E.A)

where,

Y = dry weight of seeds in Kg/ha;

K = dry weight of seeds per unit of experimental area;
E.A = surface area for experiment (m?);

1 ha=10,000 m2.

2.13. DNA extraction and PCR amplification

Pure cells of the six selected strains were collected in Eppendorf tubes and extracted using
ZYMO fungal/ bacterial extraction kit using modified methods (Ajayi et al. 2022a). Also, because of
the slimy and protein rich nature of rhizobia cells proteinase K was added to the lysis buffer to
enhance the extraction process. The extracted DNA was used to carry out 16S rRNA PCR
amplification using 27F: AGAGTTTGATCMTGGCTCAG, 1492R: TACGGTACCTTG TTACGACTT
using the following conditions: 95°c (5mins), 94°c (30 secs), 58°c (30 secs) 25 cycles, 72 “c (45secs), 72
°c (7mins), 10 °c (=) (Ajayi et al. 2022b). The evolutionary history was inferred by using the Maximum
Likelihood method and Jukes-Cantor model (Jukes and Cantor (1969)). Evolutionary analyses were
conducted in MEGA X (Kumar et al. 2018). Gene sequences were submitted to the NCBI gene bank
(where accession numbers were assigned to them).

2.14. Statistical analysis

Statistical analysis was done using SPSS 2.0 with two-way ANOVA at a 0.0s. Our hypothesis was
to show that Indigenous rhizobia strains have potential to improve and increase the yield of Bambara
groundnut and nitrogen fixation (making nitrogen available for plant) when applied as inoculant.

3.0. Results

3.1. Bambara Groundnut Variety Selection

The Bambara groundnut varieties TVSU1248 (brown, varietyl) and TVSU631 (black variety?2)
were selected for carrying out the experiment in the screen house and field based on their
performance in the preliminary field test which was conducted to test their nodulation response and
performance of some of the commonly used varieties (Table 1, Figure 2). They had an average shoot
weight of 79.81 £1.81 g and 63.15 + 3.21 g, an average root weight of 20.53 + 6.49 g and 15.36 + 598 g
and average nodule number of 14.17 + 0 and 13 + 2 respectively.
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Figure 2. Seed varieties used during experiment.

3.2. Trapping and isolation of Rhizobia strains

Of the 54 soil samples used for trapping experiment, nodules were recovered from Bambara
plants inoculated with 32 of the soil from which different spp. of rhizobia were isolated, this further
confirms the promiscuous nature of Bambara groundnut more strains were recovered from the soil
in which cowpea were previously planted and least were recovered from fields where soybean were
previously planted. This is probably attributed to the promiscuous nature of Cowpea which is also
able to form symbiosis with several app. Of rhizobia, while soybean on the other hand forms
symbiosis with only Bradyrhizobium japonicum. Fifty of the isolated strains showed ability to fix
nitrogen after authentication while six showed best performance and were selected to be used for
field experiments.

3.3. Broth inoculant concentration

The concentrations of bacteria in the broth cultures used as inoculant were BN1 (isolated from
shiroro in Kano state) 16.9 x10% cfu/mL, Bradhyrhizobium sp-BN5 (isolated from Doguwa in Kano
state) 15.6x 10" cfu/mL, Bradhyrhizobium vignea strain-BN7(isolated from Doguwa in Kano state) 9.00
x10% cfu/mL, Bradhyrhizobium vignea strain-BN28 (isolated from Shiroro in Niger state) 0.85 x101
cfu/mL, Bradhyrhizobium vignea strain-BN44 (isolated from Doguwa in Kano state) 12.2 x 10 cfu/mL,
Bradhyrhizobium strain-BN50 (isolated from Doguwa in Kano state) 3.95 x 10" cfu/mL, USDA110
(USA) 7.56x 10" cfu/mL. Kano and Niger were reservoirs of Bambara groundnut symbiotic strains
particularly Shiroro and Doguwa.

Table 1. Plant parameters for selection of variety for experiment.

Variety TVSU1248 TVSU644 TVSU631 TVSU49 TVSU 34
Average Shoot Weight (g)  79.81+1.81 41.37+#23.55 63.15+3.21  51.40+4.48 51.14+25.42
Average Root Weight (g)  20.536.49 8.305.90  15.36#5.98  14.97+5.63 15.57+2.95
Average Nodule Number  14.17+0 1.67+0 13+2 10.17+0 4.33+0

Means and standard deviation was calculated using excel and significance along rows.
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3.4. Field soil analysis

The table below shows the results of soil analysis of the field being analyzed. The soil pH organic
carbon, Nitrogen, bray P and percentage clay, silt and sand were determined as shown in Table 2.
The soil profile showed that the soil was suitable for planting Bambara, as it had good water retention,
but had low P which was augmented for by adding P fertilizer at a minimum rate of 20kg/ha.The %
organic carbon was also which could imply a reduced soil microbiome and nutrient retention in soil.

The soil pH was slightly acidic but mostly suitable for the growth of the rhizobia inoculant. The soil
also had a low percentage of %N.

Table 2. Soil analysis for experimental field.

Particle
pHH:0) OC N Bray P size
1:1 % Y% ppm %SAND  %CLAY  %SILT
6 0.348+0.093 0.186%0.098 30.25+28.57 89+1.63 7+1.15 4+1.15

3.5. Percentage Nitrogen Content in Bambara Groundnut Plants

Variety2 (TVSU 631) had an improved absorption of nitrogen released through biological
fixation nitrogen as seen by the higher nitrogen levels in the plant shoot. Plants inoculated with
Rhizobia (PIRs) had a higher %N (1.37+0.05% -1.64+0.11%) than the un-inoculated control (UNC)
(which had a value of 1.3320.1 in both varieties) except for BN50 variety2 (1.28+0.05%), BN28
(1.26+0.08%) and plants inoculated with BN44 variety 1(TVSU 1248) which had the lowest % N
uptake (1.16+0.11%). Variety2 had a higher % N in plant shoots, than varietyl, showing that they had
a higher uptake of N responded better to biological nitrogen fixation. The PIRs all had higher % N
content than the +N60 (1.33+0.12% (V1), 1.33+0.16% (V2) and +N20 (1.33+0.05% (V1), 1.33+0.06% (V2))
treatments except for plants inoculated with BN44 for variety 1, BN50 varietyl and BN28 variety1.
There was no significant difference between the % N of PIR and that of the UNC, +N20, +N60 plants
for the TVSu 1248 variety while there was a significant difference between the values observed for
the PIR and the UNC for the TVSu 631 variety. The strains were able to actively fix nitrogen biological,

playing an important role in the fixation of nitrogen in the soil to make nitrogen available for Bambara
plants (Table 3, Figure 3a).
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Figure 3. a,b,c: Percentage N, P, N2 fixed in ui-noculated control, least responsive and most responsive
plant and Yield progress and increase.

3.6. Percentage Phosphorus Content in Bambara Groundnut Plants

Varietyl showed a better uptake of phosphorus than variety2. The PIRs had a higher %P than
the UNC (0.51+0.02% and 0.48+0.02%) except for BN44 varietyl, which had a lower %P than its
counterpart un-inoculated control. Plants inoculated with BN28 (0.56+0.04%, 0.55+0.18%) and BN7
(0.57+0.01%) had the highest %P for both varieties while plants inoculated with BN44 (0.46+0.02%
and 0.52+0.02%) had the lowest %P (Table 3, Figure 3a). Plants with +N20 had a higher P uptake than
+N60. BN1 inoculated plants had the same amount of %P in their plant shoot in both varieties
(0.53+0.017 % and 0.53+0.03%) USDA110 (0.52+0.015% and 0.51+0.03 %), +N20 (0.56+0.009% and
0.55+0.01%), +N60 (0.55+0.06% and 0.52+0.015%) (Table 3) (20.86+2.58 g and 26.86+2.94 g), BN5
(32.30+2.35 g and 22.14+1.47 g), BN28 (23.12+1.69 g and 23.88+3.43 g), BN50 (32.30+2.35 g and
22.14+1.47 g) variety2 had higher %P than that of +N20 variety2. Others had lower % P, while none
had a higher % P than the variety?2 plants of +N60 and +N20. The variety type significantly influenced
P uptake.

3.7. Leaf Chlorophyll Reading of Bambara Groundnut Plants

At the 4th WAP, the leaf chlorophyll content exhibited a comparable trend, with variety 1
displaying higher concentrations than variety 2. Additionally, PIRs and plants treated with urea had
higher leaf chlorophyll concentration than the un-inoculated controls. The SPAD readings varied
between 45 mg/L and 55 mg/L with +N20 having the highest value of 55.59+1.28 mg/L while BN7 the
highest reading of 54.28+1.17 mg/L for variety 2. The +N60 recorded a lower readings in both varieties
(50.78+0.74, 48.46+0.66 mg/L) than that of +N20 and all the PIRs except USDA110 and BN5 (50.53+1.38
mg/L and 49.74+1.47 mg/L respectively). All varieties had lower chlorophyll concentrations than the
+N20 for variety1, for variety2 on the other hand, only BN7 (54.28+0.79 mg/L), BN28 (53.60+1.05 mg/L)
had higher chlorophyll values than the +N20 (51.46+0.74 mg/L) variety2 while BN44 (51.43+1.58
mg/L) had similar values.

The leaf chlorophyll concentrations at second reading ranged from 48 mg/L to 55 mg/L which
were higher in variety 1,with +N60 having the lowest concentrations. The Rhizobia inoculants could
increase the chlorophyll concentration with little or no significant difference to +N20, while +N60
seemed to decrease the leaf chlorophyll concentrations which were very similar in both varieties.
Plants inoculated with BN1 and BN28 seemed to have the highest leaf chlorophyll concentrations in
both varieties. The leaf chlorophyll values in the 6th week increased slightly to between 48.59+0.35
mg/L and 50.29+1.16 mg/L (varietyl plants still maintained higher concentrations). The leaf
chlorophyll concentrations of +N60 seemed to increase significantly, particularly for varietyl. There
was significant difference in leaf chlorophyll of PIRs compared with that of the control plants (Table
3).

The chlorophyll values increased slightly at the 8th WAP and were between 48 mg/L and 56
mg/l. Varietyl still maintained higher concentrations showing that varieties responded differently
regarding leaf chlorophyll concentrations, in response to inoculation.

3.8. Nitrogen Fixation of Bambara Groundnut Plants

The PIRs had higher %Nz fixed in the plants than the UNC and +N60 in both varieties and PIRs
had a higher amount of %Nz fixed than Urea 20 for variety 2 but for variety 1, USDA110 had a lower
fixed N2 than +N20. This showed that the indigenous strains could fix nitrogen better than the already
available commercial Bradhyrhizobium japonicum stain (USDA 110). The amount of N2 fixed ranged
between 61.30+ 6.13% - 74.63+3.17% among the rhizobial treatments. There was a significant
difference in leaf chlorophyll of PIRs compared with that of the UNC plants (Table 3, Figure 3b).
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3.9. Yield Kg/Ha of Bambara Groundnut Plants

Variety 1 plants had higher yields than Variety 2 plants except for the BN50 inoculated plants
(1365.18+157.57 kg/ha (V1), 1442.10+105.88 kg/ha) (which was slightly different) and +N20
(725.03+164.32 kg/ha (V1), 1085.10£65.95 kg/ha) (where there was an enormous difference in yield).
The yields of PIRs were higher than that of the UNC both in Variety 1 and Variety 2. BN5 inoculated
plants had the highest yield for both Varieties (V1: 1869.85+273.68 kg/ha, V2: 139.60.10+159.89 kg/ha)
and was closely followed by plants inoculated with BNS50 (V1:1365.18+157.57 kg/ha,
V2:1442.10+105.88 kg/ha) while the UNC had the least yield (V1: 935.66+177.80 kg/ha, V2:
673.10+250.00 kg/ha). All PIRs had better yields than +N20 (V1: 725.03+164.32 kg/ha, V2: 1085.10+65.95
kg/ha) for both varieties except for BN44 variety 2 (1039.60+30.42 kg/ha) which had a lower yield than
variety 2 of +N20 treatment (1085.10+65.95 kg/ha). BN28, BN50 and BN5 had more yields for variety
1 than +N60 (V1: 1372.90+209.15 kg/ha, V2: 1157.40+241.81 kg/ha) while all the rhizobia treatments
for Variety 2 had a higher yield than +N60 Variety 2 except BN7 (which was similar) and BN44 which
was lower than +N60 Variety 2. PIRs increased the yield of Bambara g/nut (Figure 4)from about 400
kg /ha-600 kg/ha (Table 3, Figure 3c).

@ Effect of Rhizobial Presence in the Soil

Soil without
Rhizobia present

v

Soil with
Rhizobia present

b 4

Figure 4. Effect of Rhizobia presence in the soil.
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Table 3. Yield/hectare (kg/ha) and plant parameters in experimental Bambara plant. =

©

Rhizobia Strain  Variety(Bambaranut)  Yield/hectare (kg/ha) % N2 fixed Lst Chlorophyll 2Chlorophyll 31Chlorophyll %P %N 3
reading (Spad) reading (Spad mg/L) reading (Spad mg/L) =

BN1 Tvsu 1248 1319.48+75.552b 77.09+3.512 52.18+1.28abc 54.51+1.282 52.71+1.492 0.53+0.0172b 1.40+0.58* 7
BN1 Tvsu 631 1303.00+80.82> 61.30+4.432 50.66+2.212 52.17+1.532 50.77+2.132 0.53+0.032 1.46+0.047> _O_
BN7 Tvsu 1248 1220.65+62.742b 65.07+1.912 54.49+2.152 54.05+0.872 56.29+1.162 0.53+0.0152> 1.480.042 =
BN7 Tvsu 631 1140.53+99.112b 68.56+2.60* 54.28+0.792 53.28+1.392 50.61+0.742 0.57+0.012 1.42+0.072 -
BN5 Tvsu 1248 1869.85+273.682p 66.265.712 50.53+1.38bc 53.92+1.052 54.18+1.062 0.54+0.0122> 1.37+0.08* %
BN5 Tvsu 631 1397.60+150.892p 74.63+3.412 49.74+1.472 52.64+1.53* 49.88+0.402 0.52+0.012 1.57+0.072 —
BN44 Tvsu 1248 1107.38+130.22b 71.22+4.86* 52.11+1.002b¢ 53.89+1.342 55.38+1.372 0.46+0.02> 1.160.112 %
BN44 Tvsu 631 1039.60+30.422 71.61+3.012 51.43+1.58* 53.29+1.48* 49.65+1.56* 0.52+0.022 1.55+0.112 %
BN50 Tvsu 1248 1365.18+157.572 66.97+4.062 54.18+1.174b¢ 52.44+1.18* 53.13+0.912 0.53+0.012> 1.28+0.052 o
BN50 Tvsu 631 1442.13+105.88* 61.12+3.382 49.84+1.472 51.82+1.86* 49.82+0.88* 0.50+0.012 1.33+0.41 g
BN28 Tvsu 1248 1330.30+165.7220 69.45+1.992 53.60+1.052> 54.24+0.972 53.96+0.922 0.56+0.042> 1.260.082 m
BN28 Tvsu 631 1197.73+269.5020 64.09+3.722 52.35+1.362 52.94+1.022 51.27+0.812 0.55+0.182 1.64+0.112 s
USDA 110 Tvsu 1248 1369.48+289.3020 58.65+14.832 50.02+0.85b¢ 52.48+0.98* 54.16+1.342 0.52+0.0152> 1.37+0.052 g
USDA 110 Tvsu 631 1215.07+405.222b 74.567.602 49.57+1.252 50.93+1.042 48.59+0.352 0.51+0.032 1.37+0.082 =
UREA 60 Tvsu 1248 1372.90+289.3020 56.71+4.512 50.78+2.212 47.85+1.042 53.14+0.922 0.51+0.022 1.33+0.072 g
UREA 60 Tvsu 631 1157.40+241.812> 59.12+7.362 48.46x0.662 47.31+0.622 47.36x0.472 0.55+0.062 1.33+0.122 )
UREA 20 Tvsu 1248 752.03+164.32> 67.45%5.272 55.59+1.052 53.51+0.682 52.91+1.242 0.56+0.0092 1.33+0.052 2
UREA 20 Tvsu 631 1085.45+65.952b 57.04+4.512 51.46x0.742 52.39+1.002 50.28+1.452 0.55+0.012 1.33+0.06* .
CONTROL Tvsu 1248 935.66+177.80> 21.07+2.38> 49.84+1.02¢ 53.73+1.282 53.27+1.032 0.51+0.022b 1.33+0.102 B
CONTROL Tvsu 631 673.10+250.00> 22.13+1.19 48.05+1.532 52.53+2.112 51.52+2.142 0.48+0.03> 1.33+0.10° B
Means with same letter are not significantly different (Duncan Multiple Range Test at p=0.05) along column. 3
3

S
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3.10. Blast Outcome of Sequenced Rhizobia Strains

The gene sequences obtained from sequencing were blasted using the NCBI website to
determine identification of strains used and a phylogram was drawn to show the relationship
between these strains and their level of closeness and relatedness. Most of the strains were identified
as Bradhyrhizobium strains of varying spp. but more closely related to Bradhyrhizobium Vignea this is
shown in the Phylogram (Figure 5). The isolate BN5 was identified as Bradhyrhizobium sp ORS 3257
with accession number L5398110.1, isolate BN7, BN28 and BN44 (but different sub species) were
identified as Bradhyrhizobium vignea strain 7-2 , with accession number NR147716.1, isolate BN50 was
identified as Bradhyrhizobium strain DSM30131, while BN1 was unidentified. Provided are the links
for the submitted sequences: 1. BN50 (PRJNA957835) Bradyrhizobium vignae strain: ORS325
(https://www .ncbi.nlm.nih.gov/bioproject/PRINA957835), 2. BN44 (PRJNA957847) Bradyrhizobium
sp. strain TUTVuML62 (https://www.ncbi.nlm.nih.gov/bioproject/PRINA957847), 3. BN7
(PRJNA957848) Bradyrhizobium vignae (https://www.ncbi.nlm.nih.gov/bioproject/PRJNA957848),
4. BN5 (PRJNA957842) Bradyrhizobium japonicum strain:
PR7(https://www.ncbi.nlm.nih.gov/bioproject/PRJNA957842), 5. BN28 (PRJNA957843)
Bradyrhizobium vignae strain (https://www.ncbi.nlm.nih.gov/bioproject/PRJNA957843)

MT605286.1:337-644 Bradyrhizobium japonicum strain PRT
0| NR_147716.1:323-630 Bradyrhizobium vignae strain 7-2
| AB571234.1:442.749 Bradyrhizobium ynanmingense
100% L MT102772.1:178-711 Bradyrhizobium sp. strain TUTVaML62
BN
4% MT102772.1:409-716 Bradyrhizebium sp. strain TUTVuML62
NR_147716.1:1-90 Bradyrhizobium vignac strain 7-2
p— AB5712341:743-1417 Bradyrhizobium ynanmingense
100% | NR_147716.1:624-1298 Bradyrhizobium vignae strain 7-2

BN50

1$398110.1:4996-5680 Bradyrhizobinm vignac isolate ORS3257
MT605286.1:334-643 Bradyrhizobium japonicum strain PR7
BN44

84% BNT

i

99%

100%

99%

100%e

100%0

Figure 5. Phylogenetic tree for strains isolated and selected for field experiment: Neighbour joining
tree showing the phylogenetic relatedness of 165rRNA sequences for indigenious Bambara symbiotic
rhizobia recovered from local soils and reference sequencies obtained from Genebank data base. The
evolutionary history was inferred by using the Maximum Likelihood method and Jukes-Cantor
model [ Jukes and Cantor 1969). The tree with the highest log likelihood (-6789.05) is shown. The
percentage of trees in which the associated taxa clustered together is shown next to the branches.
Evolutionary analyses were conducted in MEGA X (Kumar et al., 2018).

4.0. Discussion

The objective of this study was to recover/isolate Bambara groundnut symbiotic Rhizobia from
soil samples collect by trapping them in the nodules of Bambara ground nut plants. These strains
were then authenticated and tested for their efficiency and finally applied under field conditions as
inoculant on two varieties. From our study, the soil samples (54) used for this experiment collected
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from farm sites at ten local governments in three northern states of Nigeria including Kaduna (North
West), Kano (North West), and Niger state (North Central) were sites where legumes such as cowpea,
groundnut, soybean, Bambara groundnut and so on were previously planted. These soils were a
reservoir of Bambara groundnut symbiotic strains, allowing the trapping of numerous Rhizobia
isolates, confirming the promiscuous nature of Bambara groundnut in nodulating with several
Rhizobia spp. This correlates with the findings of Doku and Karikari (1971); Kanu and Dakora (2012)
and Fadimata et al. (2019) where Bambara groundnut nodulated with diverse microorganisms that
belong to both a and 3 Rhizobia spp. and the work of Sprent et al. (2010) and Mohale et al. (2013)
who listed Bradyrhizobium, Azorhizobium, Mesorhizobium and Ensifer as possible nodulators of
Bambara groundnut. However, Tamimi and Young, (2004) discovered that Rhizobium etilis was the
most common type of bean nodulating Rhizobia in different soil samples collected from various
places in Jordan and Laguerre et al. (1993); Herrera-Cervera et al. (1999) reported the presence of R.
giardinii and R. gallicum to be associated with nodulation of P. wulgaris in France and Spain
respectively. The study of Aserse et al. (2012) shows that all the soybean nodulating strains identified
in soils of Ethiopia were phylogenetically different from the expected inoculant strains, B. japonicum
USDA 136 and CC709.

The two varieties selected for the experiment TVSU1248 (brown, varietyl) and TVSU631 (black
variety 2) were based on results of a field test. The trapping experiment could sufficiently cause
nodulation in the varieties when they were inoculated with solutions of the soil sample with large
number of nodulation occurring in the plants in 32 out of the 54 soils collected. This was similar to
the findings of Mishra et al. (2012) where trapping was used to recover 221 Rhizobia strains from 8
soil in Mimosa pudica, also that of Silva et al. (2012) and Jordana et al. (2017) where trapping was used
to recover 308 Rhizobia strains respectively from soil using cowpea plants, and the work of Soumaya
et al. (2019) where 54 soils were collected and only 15 showed nodulation in White lupin plant. This
also confirmed that the soils contained a large number of Bambara groundnut symbiotic strains, and
that trapping offered a suitable method for recovering of Rhizobia strains from legume cultivated
soils and soils.

The Rhizobia strains isolated and purified on Congo red agar appeared as pinkish, whitish
opaque colonies or colourless translucent mocoid growths and grew at 25°C for 3-7 days as shown in
the work of Woomer et al. (2011); Somasegaram and Hoben (2012). It was also similar to the findings
of Fadimata et al. (2019) where the number of days for the growth of the microsymbionts of Bambara
groundnut was between 2-15 days with the slow-growers growing between 6-15 days. However, this
observation differs from the work of Ankur et al. (2012) where Rhizobia was incubated at 35°C for 24
hours.

Of the 150 Rhizobia isolates obtained, after authentication using broth cultures of the isolates
and inoculation of pre-germinated Bambara groundnut plant under sterile conditions, only about 70
strains showed nodulation on authentication. This was similar to the finding of Fadimata et al. (2019)
who recovered 89 isolates from soil but only 45% showed nodulation in BG upon inoculation. Similar
finding was also reported in the work of Eutropia and Patrick (2013) where inoculation of soybean
caused nodulation and Yadav et al. (2017) where rhizobia inoculation of chickenpea in sterilized soil
resulted in nodulation of the plant. We observed that germination occurred after 2 weeks in both
varieties in pot and on the field indicating a slow germination rate. This was also reported by
Linneman and Azam-Ali (1993); Swanevelder (1998) and Brink et al. (2006), as a matter of fact, unlike
in groundnut and cowpea which normally germinate between three to five day according to
Awosaike et al. (1990) and Ataur et al. (2006) respectively.

The concentration of the broth was higher than the required standard of 10° cfu/mL according
to the work of Woomer et al. (2011); Somasegaram and Hoben (2012). It was also higher than the
concentration of microsymbionts of Bambara groundnut used for inoculation in the work of Fadimata
et al. (2019) which was between 107- 108 cfu/mL.

The purity of the DNA extract ranged from 1.73-1.89 while the various concentrations of the
extracted DNA were Bradhyrhizobium strain-BN50 (72.9 ng/ul), BN5 (74 ng/ul), Bradhyrhizobium vignea
strain-BN44 (70.4 ng/ul), Bradhyrhizobium vignea strain-BN28 (72.9 ng/ul) Bradhyrhizobium vignea



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 December 2023

13

strain-BN7 (80.2 ng/ul). The concentrations of the extracted DNA were higher than those extracted in
the work of Fadimata et al. (2019) which were between 40- 50 ng/ul. this may be due to variation in
the methods used for extraction of the DNA.

Variety2 (TVSU 631) took up more of the nitrogen released by biological nitrogen fixation as
observed by the percentage nitrogen in the plant shoot. There was no significant difference between
the %N of PIR and that of the UNC, +N20, +N60 plants for the TVSu 1248 variety, while there was a
significant difference between the values obtained for the PIR and the UNC for the TVSu 631 variety.
Strains showed the ability to actively fix nitrogen into the plants and that biological nitrogen fixation
play an important role in the fixation of nitrogen and making nitrogen available for Bambara
groundnut. The strains can improve Bambara productivity when used as inoculant and can be used
as an alternative to fertilizer. This was similar to the findings of Ahmet et al. (1981) and Awosaike et
al. (1990) where Rhizobia inoculation increased the yield of cowpea, Ataur et al. (2006) where
inoculation increased the yield of groundnut. Also, Zhu et al. (2008) and Aliyu et al. (2013) seperately
reported that inoculation was able to significantly increase Nitrogen uptake in soybean, groundnut
but not in cowpea while Yakubu et al. (2010) made the same findings in Bambara groundnut where
it varied significantly with cultivars.

The +N20 plants seemed to have a higher P uptake than +N60 plants. There was no steady
pattern in the P uptake shown by the varieties used although varietyl showed better ability to take
up phosphorus. The PIRs had a higher %P value than the UNC Bradhyrhizobium vignea strain-BN28
and Bradhyrhizobium vignea strain-BN7 had the highest %P values for both varieties while plants
inoculated with Bradhyrhizobium vignea strain-BN44 had the lowest values. This differed from the
findings of Mahmudul et al. (2021) who reported increased %phosphorus in plant shoot on
application of N30P60 kg/ha of fertilizer in Bambara Groundnut cultivars.

The PIRs increased the yield of Bambara groundnut from about 400 kg/ha -600 kg/ha according
to Ibrahim and Ogunwusi (2016) to about 1039.60+30.42 kg/ha- 1869+273.68 kg/ha giving similar
conclusion to that of Egbe et al. (2009) and Egbe et al. (2013) where it was suggested that rhizobial
inoculation should be considered for improving the yield of Bambara groundnut. Seed yield ranged
from 1039.60+30.42 kg/ha - 1869+273.68 kg/ha which was higher than that obtained in the report of
Madukwe et al. (2011) where the seed yield ranged between 197.2 kg/ha - 243.3 kg/ha showing that
inoculation had a positive effect on their yield. While, according to Ellah and Singh (2008), application
of Phosphorus had no significant effect on the kernel and shaft yield. This was similar to the findings
of Awosaike et al. (1990) and Ahmet et al. (1981) where Rhizobia inoculation increased the yield of
cowpea, Ataur et al. (2006) where inoculation increased the yield of groundnut. Aliyu et al. (2013)
and Zhu et al. (2008) also reported that inoculation could significantly increase Nitrogen uptake in
soybean, groundnut but not in cowpea while Jonah et al. (2012) noted that Bambara groundnut yield
varied significantly with cultivars. Doloum et al. (2017) in their research carried out in Chad and
Cameroon reported an increase in yield by 72.71% upon inoculation with rhizobia from groundnut.
This work was able to record double increase in yield using its own symbiotic strain as inoculant.
This also confirmed the study carried out by Mshelia et al. (2012) on the potential of BG in accessing
food security in Nigeria. Therefore, it was suggested that research needs to be carried out to identify
cultivars and highly effective indigenous rhizobia strains in our native habitat with the potential for
increasing its yield. Also the work of Ibrahim and Ogunwusi (2016) suggested that the production of
Bambara groundnut was inadequate to satisfy the demand of local farmers because of its low
production and that research to increase its production needed to be carried out if its demand for
industrial production processes is to be met. Affirming that Indigenous rhizobia strains are needed
to boost Bambara groundnut production.

The chlorophyll readings at the 2nd week showed a similar pattern, with varietyl having higher
values than variety2 and PIRs. Both Rhizobia and urea treatments had higher values than the un-
inoculated controls. All varieties had lower leaf chlorophyll values than that of the +N20 for variety1.
For variety2 on the other hand, only two treatments had higher chlorophyll values than the +N20
variety2. The PIRs increased the chlorophyll content catching up with +N20, while that of +N60
appeared to decrease. Here, their chlorophyll readings were very similar with slight variations in
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values. The leaf chlorophyll values in the fourth week increased slightly and the chlorophyll values
of varietyl were still higher than variety2. There was a significant difference in leaf chlorophyll of
PIRs compared with that of the +N control plants and UNC plants. Rhizobia inoculation had a
significant effect on the chlorophyll values of the experimental plant leaves which is similar to the
findings of Eutropia et al. (2013); where rhizobial inoculation has significant effect on the chlorophyll
contents of soybean plants and Teixeira et al. (1999) in cowpea cultivars.

The PIRs had higher %Nz fixed in the plants than the UNC and +N60 in both varieties and PIRs
had a higher amount of %N: fixed than UREA20 for variety2 but for variety 1, USDA110 had a lower
fixed %Nz than +N20. This showed that the indigenous strains were able to fix nitrogen better than
the already available commercial Bradhyrhizobium japonicum stain (USDA 110). This collaborated with
the findings of Ojo et al. (2017) and Dianda et al. (2014) where indigenous strains were shown to
perform better than other stains when applied to cowpea and soybean respectively. Aliyu et al. (2013)
also reported that inoculation was able to significantly increase biological nitrogen fixation in
soybean, groundnut but not in cowpea. Bamishaiye et al. (2011) also reported that Bamabara
groundnut was able to increase the nitrogen in soil. Yakubu et al.’s (2010) work showed that Rhizobia
inoculation greatly increased the nitrogen fixed in cowpea, groundnut and Bambara groundnut.

Five of the six strains used were identified as Bradhyrhizobim spp. particularly Bradhyrhizobim
vignea. Sprent et al. 2010; Mohale et al. 2013; Fadimata et al. (2019), made similar findings where
Bradhyrhizobim spp. was listed as one of the nodulating species for Bambara groundnut. On the other
hand, Tamimia and Young (2004) discovered that Rhizobium etilis is the most common type of bean
nodulating Rhizobia from different soil samples collect from various places in Jordan and Laguerre
et al. 1993 reported the presence of R. giardinii and R. gallicum to be associated with nodulation of
Phaseolus vulgaris in France and Spain respectively. The study of Asersea et al. 2012 showed that all
the soybean nodulating strains identified in soils of Ethiopia were phylogenetically different from
the expected inoculant strains, B. japonicum USDA 136 and CC709. Also, several diversity studies of
the population of rhizobia that can nodulate common bean in places where Phaseolus vulgaris is a
natively grown plant a large genetic diversity of rhizobia has been obtained (Eardly et al. 1995;
Martinez-Romero and Caballero-Mellado 1996)

This study was aimed at and was able to report the knowledge gap with the sole target of
increasing the yield of BG using indigenous rhizobia strains trapped from soils collected from fields
where legumes had been previously planted in some states in the northern part of Nigeria

5.0. Conclusion

Bambara groundnut responded to rhizobia inoculation especially the indigenous rhizobia strain
in Nigerian soils resulting in increased yields (almost double in some strains) and % fixed nitrogen
in the plants, improved the soil quality, and improved plant health showing that they were well
adapted to the environmental factors and conditions and could therefore thrive comfortably in the
soil to effectively and efficiently infect the plant root forming numerous nodules. Soils in Niger and
Kano states proved to be reservoirs of effective Rhizobia strains particularly for Bambara groundnut
symbiont.

It is vital to consider indigenous rhizobia when developing rhizobia inoculant for improving
Bambara ground nut production. In conclusion Bambara groundnut can benefit immensely from
indigenous rhizobia inoculant to improve its yield.

Recommendation

These Rhizobia strains, especially BN50, BN5 should be considered for large-scale production of
inoculants for improving the yield of Bambara groundnut especially in Nigeria.
Funding: The research was funded by N2Africa Project (Putting nitrogen fixation to work for smallholder
farmers in Africa) by IITA- funding (technical and financial support).
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