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ABSTRACT

Microbial bioinoculation in plants is considered essential, as it helps reduce pollution levels and
enhances crop productivity. The aim of this study is to evaluate the effect of microbial inoculation
with selected rhizobia on the agronomic parameters of peanut plants. Peanut (Arachis hypogaea)
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root nodules, harvested in situ, were surface disinfected and crushed in petri dishes. Isolations
were carried out from nodular crushed and the characteristic rhizobia colonies were purified. After a
nodulation test of the purified isolates, the nodulating strains were subjected to an efficiency test.
The first five strains showing the most satisfactory results on growth parameters were selected for
the actual inoculation test. The growth, nodulation and mycorrhization parameters, as well as the
number and weight of plant pods, were determined, after 3 months of crop. Results show a
significant improvement in most of the parameters studied. Indeed, plant height was significantly
improved from 38.33+2.86 (control) to 49.73£10.90 cm by inoculum R1 and from 38.33+2.86 to
59.22+9.87 cm by inoculum R2 (p = 0.05). These same inocula also significantly improved shoot
dry weight with values ranging respectively from 4.43+0.86 (control) to 5.41+0.87 g (R1) and from
4.43+0.86 to 6.07+£1.38 g (R2). Except for the mixed inoculum, all treatments applied significantly
improved the nodules number. The values varied from 72.33+£7.47 to 109.89+15.86 ; 109.33+21.18
; 110.00£18.49 ; 105.67+16.9 and 113.11+20.63 nodules respectively for inocula R1, R2, R3, R4
and R5 (p = 0.05). Pods weight was significantly improved from 2.15+0.73 to 4.00+£1.01 ; 4.02+0.97
and 3.80+0.96 g respectively by the inocula R3, R1, R2 (p = 0.05). The best results were obtained
with inocula R1 and R2. These results confirm once again the stimulatory effect of rhizobia on the
agronomic parameters of peanut. These inocula can be used as a biofertilizer to improve peanut

crop yield.

Keywords: Arachis hypogaea; rhizobia; efficiency test; peanut plants; growth parameters.

1. INTRODUCTION

The economy of most developing countries, such
as Cote d'lvoire, is based primarily on
agriculture. This activity is widely practiced in
rural areas and constitutes the main source of
income for local populations. Peanut (Arachis
hypogaea L.) is one of the main food crops
grown in Cote d’lvoire, more acurately in the
northern area of the country. This plant is
cultivated for its richness in proteins and its high
content of unsaturated oils, carbohydrates and
mineral salts (Asibuo et al., 2008). Peanuts are
used in confectionery and are recommended for
vegetarian diets. They contain as much protein
as meat and unlike meat, they do not contain uric
acid or cholesterol (Asibuo et al., 2008). It is one
of the most important oilseed crops worldwide.
This plant is also cultivated in rotation to improve
the nitrogen content of soil and thus contributes
to its fertility (Koffi et al., 2021).

Despite the importance of this crop, it is faced
with low vyields due to unpredictable and
unfavorable climatic conditions as well as the
loss of fertile and cultivable soils. Furthermore,
the current national production estimated at
112,698 tonnes in 2020, is insufficient to cover
the annual needs of the population. It is therefore
necessary to produce in sufficient quantity. Thus,
in order to improve yields, chemicals substances
are used excessively in agriculture. However,
these substances cause the biodiversity loss and
risks to human health (Ugwuoke et al., 2024). It
is necessary to develop environmentally friendly
methods to preserve the environment and human

health. =~ Thus, several alternatives are
recommended, including biological processes
using biofertilizers based on soil microorganisms
(Ibrahim et al., 2025).

In fact, there is an influential community of
microorganisms in the soil that associate with
plant roots. These microorganisms form a
symbiosis with most terrestrial plants (Smith et
al., 2008). They thus contribute to improving the
growth of the host plant and to combating biotic
and abiotic stress. In addition, these symbionts
are environmental friendly. Among these
microorganisms, there is a genus called rhizobia
which is specifically associated with legumes.
These legumes, often called "green manures”,
contribute to soil fertility and plant productivity
(Rani et al., 2021). This feat is due to their ability
to fix atmospheric nitrogen thanks their
association with soil rhizobia. In this symbiosis,
rhizobia participate in improving the plant growth
by providing it mainly nitrogen. In fact, they
induce nodules on the roots of their hosts and it
is within these compartments that the biological
fixation of nitrogen naturally takes place
(Coulibaly et al.,, 2021). Rhizobia mobilize
nutrients for their hosts and in return the latter
provide them carbon substances that they need
for their activities. Several investigations showed
the stimulatory effect of rhizobia on the growth of
legumes and in particular on growth parameters
in peanuts. Indeed Ding et al., (2024) showed
that inoculation of peanut with selected rhizobia
significantly improved growth and nodulation
parameters in the plant. Koffi et al., (2025) also
showed the stimulatory effect of rhizobia in
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synergy with selected CMA on peanut growth
parameters.

Furthermore, very few studies have been carried
out on the inoculation of peanut plant with
rhizobia selected in Céte d’lvoire, particularly in
the northern area of the country. The objective of
this present study is to select efficient rhizobia
associated with peanut cultivation in the Korhogo
region (north of the Cl) and to evaluate their
agronomic  performance on the growth
parameters of peanut seedlings under controlled
conditions.

2. MATERIALS AND METHODS
2.1 Soil Sampling

Soil used as substrate was collected in peanut
field in Takali (9°25 N ; 5°35 W) located in
Korhogo area in northern Cbte d’lvoire. Soil
collection was done at ten points of the plot, to
obtain a representative composite soil sample of
the targeted plot.

Physical and chemical parameters of this
composite soil were determined at the Centre de
Recherche en Océanographie (CRO) of Abidjan,
Cote d’lvoire. The pH (water) was measured in
the supernatant of a soil / distilled water mixture
in a ratio of 1/2.5. Organic and mineral matters
content were determined according to Moreno et
al. (2001). Contents of total nitrogen (N) and
phosphorus (P) were quantified according to
Kalambe (2021) and Kara et al. (1997).
respectively by atomic absorption spectrometer
after digestion with concentrated sulfuric acid.
Potassium (K) was analyzed by means of argon
plasma ionization source mass spectrometer
(ICP-MS) according to Rao and Talluri (2007)
method.

2.2 Root Nodules Sampling

The nodules were collected in situ from peanut
roots in 3 different localities of study area. 15
peanut plants were collected from each locality.
The roots were cut and the nodules were
collected from each root. They were air-dried and
then packaged in bags at room temperature.

2.3 Isolation and Purification of Rhizobia
Strains

90 nodules at a rate of 2 nodules per plant were
crushed individually, for the isolation of rhizobia.
These nodules were first surface disinfected in a
calcium hypochlorite solution CaCl202 (70%) for
3 min, then in 70% alcohol for 3 min. They were

then rinsed 6 times with a series of sterile water
for 3 min also after which the nodules were
rehydrated. At the end of rinsing, each nodule
was crushed in a drop of sterile water and a
suspension has been sown onto Yeast Mannitol
Agar (YMA). The petri dishes were then
incubated at 28°C for 1 to 5 days depending on
the growth rate of the colonies. The colonies
characteristic (white, rounded, creamy
colonies...) of the rhizobia were subsequently
purified by successive subcultures, until
homogeneous or pure colonies were obtained in
each Petri dish.

2.4 Nodulation Test of Rhizobia Isolates

This test was conducted in Gibson tubes. The
aim is to ensure that the isolates obtained on
YMA agar are authentic strains of rhizobia.
Indeed, there is no selective medium for the
culture of rhizobia. The nodulation test will allow
us to select the isolated rhizobia strains able to
reinfect the host plant (peanut). This test was
conducted in a crop chamber and made it
possible to preselect around thirty strains of
rhizobia after observing nodules on the root of
the peanut plant (FAO 2020).

Peanut seeds, CNRA-ara 8-20 variety, were
provided by the Centre National de Recherche
Agronomique (CNRA) of Abidjan. This variety
have a short cycle of 90 days. Seeds were
surface-scarified in 70% calcium hypochlorite
solution (CaCl202) for 8 min and then rinsed
several times with sterile water (Gottardi and
Nagl, 1998). They were pre-germinated in petri
dishes containing 0.9% agar and incubated for
72 h at 28°C in the dark, in an oven.

The resulting seedlings were transferred into
Gibson tubes containing Jensen's slanted
medium for chamber crop. After transplanting the
seedlings, they were covered with blotting paper
which was watered so that the seed coats
remained moist and made it easier to detach.
This acclimatization phase lasts on average 2 to
4 days, the time needed for the seed coats to
detach (Tang et al. 2023).

Liquid cultures of rhizobia made from each
purified isolate were set up and used as
inoculum for the nodulation test. These cultures
were incubated wunder shaking at room
temperature until a turbid medium with an optic
density (OD) of approximately 0.7 at 600 nm was
obtained. After 5 to 7 days of crop chamber, the
young seedlings were inoculated with 1 ml of
bacterial suspension.
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After inoculation, the tubes containing the
seedlings were transferred into wooden racks
and then kept in a growth chamber at a
controlled temperature of 28°C and under
photosynthetic light. 4 replicates were performed
per strain and an uninoculated negative control
was added. The seedlings were watered with
sterile water if necessary. After 1 month of crop,
the appearance of at least one nodule on each
plant was noted and the nodulating strains were
selected and stored at -80°C for efficiency tests
and for molecular identification.

2.5 Selection Test of Efficient Rhizobia
Strains

2.5.1 Experimental design

The aim of this test was to select five best
rhizobia strains and use them as inoculum in the
actual peanut inoculation test. This test was
carried out on 26 purified peanut nodulating
strains selected during the nodulation test. The
experiment was conducted in a greenhouse
located at Nangui Abrogoua University in
Abidjan, Ivory Coast (geographic coordinates
5°23 North latitude and 4°0 West longitude). The
crop substrate is a soil from the site, sterilized at
120 °C for 24 h. Only one factor, the effect of
inoculation, was studied. 27 treatments were
carried out, namely 26 strains selected during the
nodulation test and a control without inoculum.
For each treatment, five (5) replicates were
carried out. Peanut seeds were previously
disinfected in a calcium hypochlorite solution
before being germinated on 0.9% agar water.
After 2 to 3 days of incubation in the dark, the
seedlings were transferred into the sheaths
containing approximately 1 kg of sterilized soil.
The rhizobia strains were grown in YM (yeast
mannitol) liquid medium with shaking at 150 rpm
at 28°C for 2 to 4 days, unti an OD of
approximately 0.7 at 600 nm was obtained. This
OD corresponds to a density of approximately
107 bacteria per mL. Five (5) to 7 days after the
seedlings were transferred into the sheaths, they
were inoculated with 5 mL of the bacterial
suspension placed drop by drop around the
rootlet. The plants were watered with
demineralized water every day until harvest.

2.5.2 Measurement of growth and nodulation
parameters

Every two weeks, the plant height was measured
and after 45 days of crop, growth and nodulation
parameters were evaluated. These are the dry
aerial and root biomass, the number and weight
of nodules. The plants were harvested and the

aerial part was cut from the root and then the two
entities were preserved in envelopes separately.
The nodules of each plant were detached,
counted and weighed per treatment using a
precision balance. The aerial and root parts were
dried in an oven at 70°C for 48 h, then weighed
for biomass determination.

2.5.3 Determination of chlorophyll content

Chlorophyll content was determined according to
the method of Makeen et al., (2007). For each
sample, 100 mg of young leaves were collected
and ground in 10 mL of 80% acetone diluted in
phosphate buffer at pH 7.8. The resulting extract
was centrifuged at 6000 rpm at 4 °C for 10 min,
then incubated at 4 °C in the dark for 24 h. Then,
the supernatant was collected and the OD was
measured at 645 nm for chlorophyll b and at 663
nm for chlorophyll a using a spectrophotometer.
The concentrations of total chlorophyll (ChIT)
(chlorophyll a and b), expressed in mg/g of fresh
matter, were obtained by the following formula:
ChIT = [8.02 x OD (663) + 20.2 x OD (645)] VIM
where V denotes the volume of the total extract
in liters and M the mass of the ground fresh
matter in grams (Trouvelot et al. 1986).

The averages of each parameter per treatment
were taken into account and allowed to select the
five (5) best rhizobia strains showing good
performances with respect to the parameters
studied. This selection was made after the
statistical analysis of the data with the XLSTAT
2010 software. These strains were used as
biological inoculum for the study of the effect of
inoculation with selected rhizobia on the growth
and yield parameters of peanut.

2.6 Peanut Inoculation Test with Five
Selected Efficient Rhizobia Strains

2.6.1 Experimental design

The experiment was conducted in a controlled
environment; in the same greenhouse whose
characteristics were given above. A completely
randomized experimental design was set up in
the said greenhouse for this test. A single crop
(peanut) and a single factor (inoculation) were
studied. 5 inoculation treatments with rhizobia
strains (R1, R2, R3, R4, R5) selected and the
mixed Rm, as well as a control without inoculum
were carried out. 9 repetitions were carried out
per treatment.

Each rhizobial inoculum was prepared as
described above. The mixed inoculum was
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prepared by adding equivalent volume (v/viviviv)
of each inoculum. Inoculation was carried
out after 5 days of transfer of the young
seedlings and 5 mL of each bacterial
suspension was added drop by drop around the
young rootlet. The bacterial inoculum was
used during the exponential phase of bacterial
growth which corresponds to an OD of 0.7 at 600
nm with approximately a number of 107
bacteria/mL.

2.6.2 Measurement of growth and nodulation
parameters and pods characteristics

Every two weeks, plant height was measured.
After three months of crop, plants were
harvested according to the treatments and
growth (height and weight) and nodulation
parameters (number and weight) were measured
as described previously. After harvesting, the
aerial part was cut from the root and the two
entities were packaged in envelopes separately,
then dried in an oven at 70°C for 48 h. Both
entities were weighed for the determination of
shoot, root and total dry weight. Peanut pods and
nodules were detached from roots before the
drying.

Pods characteristics and nodulation parameters
were also determined through the number and
weight of pods.

2.7 Data Analysis

The data obtained were analyzed using
STATISTICA 7.1 software. An analysis of
medians was performed using the Kruskal-Walis
test and revealed significant differences between
the inoculation treatments applied. The multiple
comparison test of the average ranks of the
different treatments, at the 95% threshold, was
applied. The aim was to evaluate the influence of
different treatments on plant growth and to
compare the intensity of these effects between
these different treatments. The values of the
percentage mycorrhization rate were first
transformed into arcsine before analysis.

3. RESULTS AND DISCUSSION

3.1 Results

3.1.1 Physic and chemical parameters of soil
used as substrate

Soil physico-chemical parameters are shown in
Table 1. Soil used as substrat has an acid pH
(5.25) and poor in phosphorus and nitrogen.

Table 1. Physicochemical parameters of soil

Parameters Values
pH 5.25
Organic matters (%) 4.23
Mineral matters (%) 2.53
Total nitrogen (mg/kg) 1.01
Total phosphorus (mg/kg) 4.57
Potassium (mg/kg) 244.27

3.1.2 Efficiency of rhizobia inoculating peanut
on growth parameters of young
seedlings olded 45 days

3.1.2.1 Efficiency on height, number and weigth
of nodules of peanut seedlings

The heights of plants inoculated with
rhizobia isolates were significantly different from
that of the negative control at the end of the
experiment (Table 2). The values ranged from
30.42 cm (negative control) to 38.06 cm (strain
R11). The five best height values were obtained
with strains R11, R3, R4, R1, R5 with respective
increase rates of 25.12; 21.30; 20.51; 18.67 and
15.38% compared to the uninoculated negative

control. These rhizobia strains therefore
significantly improved the height of peanut
plants.

Fresh nodule weight ranged from 103.8 mg to
11.6 mg. Except strain R3, no significant
difference was observed in this parameter.
However, a significant difference was observed
between the nodule numbers of inoculated plants
compared to that of the uninoculated control.
Strain R3 had the highest nodule number (37.8
nodules), followed by strains R2 (27 nodules); R1
(25.2 nodules); R4 (23.4 nodules) and R5 (23.2
nodules) (Table 2). Nodulation parameters were
the first criteria in choosing the five (5) best
rhizobia strains selected.

3.1.2.2 Efficiency of rhizobia on aerial, root and
total biomass of inoculated peanut plants

No significant differences were observed in the
shoot, root and total dry weight of plants
inoculated with the rhizobia strains, compared to
those of the control (Table 3). The shoot dry
weight (SDW) values ranged from 3.09 g (in
strain R3) to 1.64 g (in strain R19). Root dry
weight (RDW) ranged from 0.94 g in the control
to 0.61 g in strain R19. Total dry weight (TDW)
ranged from 3.76 g in strain R3 to 2.24 g in strain
R19. Total dry weight is the sum of the SDW and
RDW of the same plant.
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3.1.2.3 Chlorohyll content of plant inoculated

Significant differences were also observed
between the chlorophyll content of the leaves of
plants inoculated with the rhizobia strains and
that of the uninoculated control. The best
chlorophyll levels were obtained with strains R5,
R21, R1, R13 and R17 (Table 4). Generally,
most of the strains improved the chlorophyll
levels of the leaves compared to that of the

uninoculated control. However, except for strains
R5 and R1 which improved both plant height,
nodulation and chlorophyll rates, the other three
top strains improving height (R3, R11, R4) and
nodule number (R3, R2, R4) did not improve
chlorophyll rate. All these observations helped to
select the following five best strains: R1, R2, R3,
R4 and R5 based mainly on nodulation
parameters.

Table 2. Height, number and weight of nodules of 45-day-old peanut (Arachis hypogaea)
seedling inoculated with rhizobia

Nodules number

Nodules weight (mg)

Rhizobia isolates Height (cm)

R6 33,0615,112
R7 33,302,002
R2 33,94+2,223
R4 36,66+2,24b¢
R8 32,023,672
R9 33,000,572
R10 34,56+2,09P

R11 38,06+2,20¢

R3 36,9+1,88¢c

R12 32,18+2,30 @
R13 31,20+1,2442b
R1 36,10+1,25b¢
R5 35,10+2,41b¢
R14 33,64+2,022
R15 34,42+1,63%
R16 31,602,162
R17 33,40+2,932
R18 34,96+1,00p¢
R19 32,96+1,482b
R20 32,00+1,202b
R21 33,92+1,2442b
R22 34,02+1,02 @
R23 32,48+0,752
R24 33,862,002
R25 34,8+2,0020

R26 34,04+2,062b
Control 30,422,702

8,00+2,002° 21,40+3,782
5,80+1,092 12,4045,122
27,00+6,52% 76,200,162
23,40+4,88% 70,00+31,002
13,20+1,922 36,6+9,002
16,60+3,85%° 50,00+10,002
10,00+1,583 24,40+7,022

17,2049,013
37,80+14,60°
13,00+2,00%°
6,80+1,092b

25,20+7,60%
23,20+3,11%
15,00+3,002°

41,20£25,302
103,8+56,44°
30,00+£10,002
14,00+2,392

93,2+17,30%
82,2+10,00%
27,00+10,002

12,40+2,412 25,00+6,802
17,00+3,462° 47,20+7,102
14,60+3,652° 33,00+7,682
15,60+3,65%° 33,60+7,272
5,80+0,842b 11,60+3,132
11,00+1,58 ab 20,605,132
22,8+4,76 2 56,20+27,902

18,00+7,38 ab
14,80+3,273

39,80+16,012
37,60+£19,702

15,00+4,062° 34,00+14,012
14,80+3,272 39,40+6,842
19,40+7,443 55,00+26,702
0,00+0,002 0,00+0,002

Ri = inoculum i. Values followed by the same letters in the columns are not statistically different (P > 0.05)
according to Kruskal Walis test

Table 3. Shoot, root and total dry weight of 45-day-old peanut (Arachis hypogaea) plants
inoculated during the efficiency test

Rhizobia isolates SDW (g) RDW (g) TDW (g)

R6 2,06+0,562 0,650,042 2,71+0,582
R7 1,97+0,462 0,78+0,282 2,740,712
R2 2,54+0,662 0,78+0,192 3,32+0,712
R4 2,84+0,672 0,65+0,072 3,490,712
R8 2,01+0,702 0,670,082 2,68+0,752
R9 2,20+0,622 0,720,072 2,92+0,662
R10 2,13+0,862 0,79+0,282 2,92+1,112
R11 2,38+0,592 0,78+0,202 3,170,802
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Rhizobia isolates SDW (g) RDW (g) TDW (g)
R3 3,09+1,022 0,68+0,192 3,76+1,102
R12 2,06+0,462 0,750,162 2,81+0,542
R13 2,16+0,142 0,94+0,092 3,10+0,082
R1 2,51+0,692 0,700,112 3,20+0,662
R5 2,74+0,742 0,62+0,102 3,360,842
R14 2,55+0,622 0,81+0,152 3,360,562
R15 2,15+0,672 0,64+0,272 2,79+0,922
R16 2,78+0,452 0,89+0,392 3,67+0,812
R17 2,04+0,652 0,79+0,242 2,83+0,702
R18 3,02+0,702 0,66+0,232 3,68+0,762
R19 1,64+0,172 0,61+0,282 2,24+0,432
R20 2,05+0,352 0,82+0,212 2,860,452
R21 2,40+0,772 0,62+0,122 3,02+0,882
R22 3,10+0,592 0,870,222 3,97+0,792
R23 2,00+0,582 0,790,172 2,79+0,682
R24 2,563+0,352 0,88+0,302 3,40+0,502
R25 2,45+0,702 0,61+0,132 3,070,792
R26 2,94+0,552 0,770,112 3,704+0,492
Control 2,36+0,582 0,94+0,152 3,30+0,712

Values followed by the same letters in the columns are not statistically different (P > 0.05) according to the
Kruskal Walis test. SDW: shoot dry weight, RDW: root dry weight, TDW: total dry weight

Table 4. Chlorophyll content of peanut plant leaves

Rhizobia isolates Chlb (mg/q) Chla (mg/g) ChIT (mg/g)
R6 0.78+0.01ab 0,86+0,052b 1,64+0,042b
R7 0.67+0.032 0,76+0,062° 1,43+0,082b
R2 0.67+0.082 0.80+0,082b 1,48+0,162b
R4 0.46+0.052 0.58+0,082 1,04+0,132
R8 0,49+0,012 0,56+0,012 1,06+0,032
R9 0,78+0,0820 0,87+0,022b 1,650,062
R10 0,32+0,032 0,34+0,032 0,660,052
R11 0,40+0,052 0,52+0,092 0,92+0,142
R3 0,57+0,092 0,70+0,042b 1,27+0,112
R12 0,65+0,052 0,74+0,022b 1,39+0,052
R13 0,82+0,01° 0,91+0,09° 1,73+0,08°
R1 0,84+0,08° 0,93+0,09° 1,77+0,16°
R5 0,86+0,04° 0,95+0,05° 1,82+0,09°
R14 0,37+0,032 0,460,102 0,83+0,132
R15 0,54+0,032 0,60+0,032 1,14+0,062
R16 0,60+0,042 0,68+0,102b 1,28+0,14¢2b
R17 0,90+0,09° 0,80+0,072b 1,70+0,16°
R18 0,490,022 0,54+0,062 1,030,062
R19 0,580,022 0,68+0,0320 1,26+0,042b
R20 0,54+0,052 0,62+0,062 1,16+0,112
R21 0,87+0,01° 0,94+0,05" 1,81+0,05P
R22 0,29+0,032 0,360,042 0,650,072
R23 0,50+0,012 0,60+0,012 1,10+0,012
R24 0,49+0,022 0,59+0,012 1,08+0,032
R25 0,560,062 0,63+0,062 1,19+0,112
R26 0,60+0,042 0,72+0,082b 1,32+0,132b
Control 0,36+0,042 0,450,092 0,81+0,092

Values followed by the same letters in the columns are not statistically different (P > 0.05) according to the

Kruskal Walis test. Chl a: chlorophyll a; Chl b: chlorophyll b; Chl T: total chlorophyli
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3.1.3 Effect of inoculation with five selected
rhizobia on few agronomic parameters
of peanut

Five rhizobial strains were selected after
efficiency test and used for the inoculation test in
non-sterile soil in controlled conditions.

3.1.3.1 Effect on height and biomass of plant

Growth parameters (height and biomass) of
peanut plants were significantly improved upon
inoculation with rhizobia (Table 5). The height
was significantly improved by the strains R1
(49.73 cm) and R2 (59.22 cm) (a = 0.05)
compared to the non-inoculated control (38.33
cm); representing a respective increase rate of
29.74% and 54.50%.

The shoot dry weight (SDW) was increased by
the same strains with respective values of 5.41
and 6.07 g, i.e. respective improvement rates of
35.25% and 51.75%. Total dry weight (TDW)
was significantly improved only by strain R2
(6.66 g), an increase of 41.1% compared to the
control.

However, no significant improvement was
observed in root dry weight biomass (RDW). In
addition, the RDW of the control was higher than

those of inoculation treatments, but without
significant difference.

3.1.3.2 Effect on nodulation parameters and
pods characteristics of peanut plants

The results on nodulation parameters and pods
characteristic of peanut plants are shown in the
Table 6.

The number of nodules varies from one strain to
another. A significant improvement (at the
threshold a = 0.05) in the nodules number of
plants inoculated with rhizobia in monoculture
was observed with all rhizobia strains.

The best results for the number and weight of
nodules were obtained respectively with strains
R2 (113.11) and R4 (262 mg) with a respective
improvement of 56.38% and 53.28% compared
to the non-inoculated control. However, the
mixed inoculum still had no significant effect on
either the number or the mass of nodules. No
significant improvement in pod number was also
observed. In contrast, pod mass was significantly
improved with monoculture treatments R3 (4.00
g); R1 (4.02 g) et R2 (3.80 g), with rates of
76.74% (R2) to 86.98% (R1) compared to the
control. The mixed inoculum had no significant
effect on these different parameters (Table 6).

Table 5. Values of growth parameters of plants inoculated with selected rhizobia

Rhizobia strains  Height (cm) SDW (g) RDW (g) TDW (g)

R5 45.5616.782 4.78+0.802° 0.60+0.16 @ 5.3740.932
R4 43.61+1.54% 4.22+1.112 0.57+0.162 4.79+1.192
R3 44.19+4.023 4.36+0.8920 0.56+0.12 @ 4.92+0.952
R1 49.73+10.90° 5.41+0.87b¢ 0.66+0.09 @ 6.0710.912
R2 59.22+9.87¢ 6.07+1.38¢ 0.58+0.152 6.66+1.47°
Rm 44.69+2.712b 4.43+0.862° 0.57+0.142 5.00+0.90 b
Control 38.33+2.862 4.00+0.942 0.71+0.142 4.72+1.052

Values followed by the same letter, in the columns, are not statistically different (P > 0.05) according to the
Kruskal-Walis test. SDW: shoot dry weight, RDW: root dry weight, TDW: total dry weight

Table 6. Values of nodulation and pods parameters of peanut plants inoculated with selected

rhizobia
Nodules Pods
Rhizobia strains  Number Weight (mg) Number Weight (g)
R5 109.89+15.86° 255.33150.29% 1.78+0.442 3.2440.72%
R4 109.33+21.18° 262.11439.14b 1.89+0.782 3.06+0.75%
R3 110.00+18.49b 243.00+£30.002 2,22+0,972 4.00+1.01°
R1 105.67+16.90° 260.33+72.20° 1.78+0.44 2 4.02+0.97°
R2 113.11+20.63¢ 220.11+77.97% 2.11+0.78 2 3.80+0.96"
Rm 81.89+8.33% 199.00+63.022° 1.78+0.67 2 2.88+0.812a
Control 72.33+7.472 171.00+11.842 1.44+0.532 2.15+0.732

Values followed by the same letter in the columns are not statistically different (P > 0.05) according to the
Kruskal-Walis test. Rm: mixed rhizobia inoculum
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3.2 Discussion

Inoculation with  selected rhizobia strains
significantly improved the growth and nodulation
parameters of peanut plants. These results
confirm again the stimulatory effect of these
symbionts, described by several authors. Indeed,
Mohammad and Alobaidy (2023) and Doha et al.
(2024) showed positive effects of inoculation with
selected rhizobia on the growth of Acacia
senegal seedlings in non-sterile soils. Similar
effects of rhizobial inoculation were also
observed by Touroumgaye et al. (2025), on
peanut plants. A significant improvement in the
height of inoculated plants was observed, mainly
with rhizobial treatments R1 and R2. The
improvement in growth parameters could be due
to an improvement in the mineral and water
nutrition of the plants provided by the symbionts
(Ollivier et al., 2011). Dry aerial biomass (SDW)
and total dry weight (TDW) were significantly
improved by the same rhizobial treatments R1
and R2.

Similar results on SDW were also found by (Allito
et al.,, 2021) in Faba bean inoculated with
rhizobia strains. This improvement of SDW and
plant height would be due to the introduction of
rhizobia strains able to improve the mineral
nutrition of plants, mainly that of nitrogen, their
symbiotic  efficiency and salt tolerance
behaviours.

Indeed, several studies have highlighted the
improvement in the growth of legumes during
symbiosis with rhizobia (de Carvalho et al.,
2012). Renganathan et al. (2025) reported that
shoot dry weight (SDW) is a good indicator of the
relative efficacy of strains.

However, no improvement in root dry weight
(RDW) was observed, the inoculation with
selected rhizobia even attenuated the RDW
compared to that of the control. Low DRW values
following inoculation were also observed by
Yaremko et al, (2024) who found no
improvement in either RDW or SDW. These low
biomasses recorded could be due to a strong
presence of nodules on the roots of the
inoculated plants, which constitute a part of the
root biomass given that these were detached
before drying.

Compared with uninoculated control plants and
inoculum-treated plants, the mixed inoculum had
no significant effect on plant nodule number and

weight. This would be due to the competition
effect between the different strains present in the
mixed inoculum.

The high number of nodules in the control
suggests that the soil substrate harbors a
sufficient indigenous population of rhizobia able
of nodulating the peanut plant. However, the
number of nodules observed in the non-
inoculated control remains lower than that of the
inoculated plants. This could be justified by the
fact that indigenous strains are less efficient than
those used for inoculation, which were more
competitive with the latter. Sajid et al. (2011) also
found a high number of nodules when peanut
was inoculated with selected rhizobia.

Chlorophyll content results show that inoculated
plants have higher chlorophyll content than non-
inoculated plants. Rhizobia strains improve also
chlorophyll content of peanut plant leaves
chlorophyll. Begum (2022) claimed that an
increase in chlorophyll content in inoculated
plants could be due to the presence of large
numbers of chloroplasts in the leaves. Similar
results were found by dos Santos et al., (2023)
who noted an increase in chlorophyll content in
leaves of cowpea inoculated with selected
rhizobia. This increase in chlorophyll content may
be due to increased stomatal conductance,
photosynthesis, transpiration and improved plant
growth.

4. CONCLUSION

At the end of this study, microbial inoculation with
selected rhizobia showed beneficial effects on
several agronomic parameters of peanuts. The
selected rhizobia significantly improved the
height, shoot dry weight, nodule number, and
pod weight. Strains R1 and R2 showed the best
results following microbial inoculation. Therefore,
it is important to select the most efficient strains
to maximize plant productivity. These selected
strains could be used as inoculum in peanut
crop. Looking ahead, we plan to conduct the
experiment in field conditions and select rhizobia
strains resistant to drought and salt.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image
generators have been used during writing or
editing of this manuscript.

380



KOFFI et al.; Int. J. Plant Soil Sci., vol. 37, no. 12, pp. 372-383, 2025; Article no.lJPSS.149919

ACKNOWLEDGEMENTS

These works were funded by AMRUGE-CI/C2D
project. Authors acknowledge the staff of
Laboratoire Commun de Microbiologie (LCM)
IRD/ISRA/UCAD, Dakar-Sénégal.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

Allito, B. B., Ewusi-Mensah, N., Logah, V., &
Hunegnaw, D. K. (2021). Legume-
rhizobium specificity effect on nodulation,
biomass production and partitioning of faba
bean (Vicia faba L.). Scientific Reports,
11(1), 3678.
https://doi.org/10.1038/s41598-021-83235-
8

Asibuo, J. Y., Akromah, R., Adu-Dapaah, H. K.,
& Safo-Kantanka, O. (2008). Evaluation of
nutritional quality of groundnut
(Arachis hypogaea L.) from Ghana.
African Journal of Food, Agriculture,
Nutrition and Development, 8(2), 133-
150.
https://doi.org/10.4314/ajfand.v8i2.19185

Begum, N., Wang, L., Ahmad, H., Akhtar, K.,
Roy, R., Khan, M. I., & Zhao, T. (2022).
Co-inoculation of arbuscular mycorrhizal
fungi and the plant growth-promoting
rhizobacteria  improve  growth  and
photosynthesis in tobacco under drought
stress by up-regulating antioxidant and

mineral nutrition metabolism. Microbial
Ecology, 83(4), 971-988.
https://doi.org/10.1007/s00248-021-01815-
7

Coulibaly, T. P., Du, J., & Diakité, D. (2021).
Sustainable agricultural practices adoption.
Agriculture  (Polnohospodarstvo), 67(4),
166-176.
https://doi.org/10.2478/agri-2021-0015 .

de Carvalho, F. G., da Silva, A. J. N., de S. Melo,
H. N., & de S. Melo, J. L. (2012). Effect of
Irrigation  with Sewage Effluent and
Rhizobia Inoculation on Growth of Tropical
Tree Legumes in Northeast Brazil.
International Journal of Agriculture and
Forestry, 2(1), 72-78.
https://doi.org/10.5923/].ijaf.20120201.12 .

Ding, B., Feng, M., Wang, R., Chang, L., Jiang,
Y., Xie, J., & Tian, D. (2024). A study of
growth and yield of four peanut varieties
with  rhizobia inoculation under field

conditions.  Agronomy, 14(7), 1410
https://doi.org/10.3390/agronomy14071410
Doha, N. M. E., Salem, G. M., Elgaml, N. M.,
Awad, A. A. & Ali, D. F. I. (2024). Effects of
co-inoculation of Bradyrhizobium and
cyanobacteria strains on growth
parameters and yield of peanut (Arachis
hypogaea L.) plants in sandy soils.

Environment, Biodiversity and  Soll
Security, 8(2024), 147-163.
https://doi.org/10.21608/jenvbs.2024.3386
39.1257

dos Santos, T. A, Dias, V. O., da Cruz, L. R., da
Costa Silva, A. M., Coelho, M. R. R,, de
Lima, A. J. M., & Mattar, E. P. L. (2023).
Development and production of cowpea
inoculated with Bradyrhizobium strains in a
traditional cultivation system in
Southwestern Amazonia. Indian Journal of
Traditional Knowledge, 22(4), 837-844.
https://doi.org/10.56042/ijtk.v22i4.7237
Food and Agriculture Organization of the United
Nations. (2020). World Food and
Agriculture - Statistical Yearbook 2020.
http://www.fao.org/3/cb1329en/CB1329EN.
pdf
Gottardi, W., Nagl, M. (1998). Which conditions
promote a remanent (persistent)
bactericidal activity of chlorine covers?
International Journal of Hygiene and
Environmental Medicine, 201(4-5), 325-
335.
https://pubmed.ncbi.nim.nih.gov/9916287/
Ibrahim, U. B., Fardami, A. Y., Sabitu, M., Aliyu,
A., Jodi, A. M., Hauwau, H., Lawal, 1., Isah,
M., & Dalhatu, A. I. (2025). The attributes
of biofertilizer as an alternative to chemical
fertilizer: a mini review. UMYU Scientifica,
3(1), 208-214.
https://doi.org/10.56919/usci.2431.023
Kalambe, N. A. (2021). Determination of nitrogen
in soil samples of Tiwasa Region in
Amravati District. International Journal of
Scientific Research in Science and
Technology, 9(4), 109-110.
https://doi.org/10.32628/IJSRST221119.
D., Ozsavasci, C., & Alkan, M. (1997).
Investigation of suitable digestion methods
for the determination of total phosphorus in
soils.  Talanta, 44(11), 2027-2032.
https://doi.org/10.1016/S0039-
9140(97)00014-3
G. A, Anno, H. F. A, Guéi, N. K. R,,
N’doye, F., Fall, D., Diouf, D., et al. (2025).
Synergistic Effects of Dual Inoculation with
Rhizobia and Arbuscular Mycorrhizal Fungi
Selected on Peanut Seedlings Growth

Kara,

Koffi,

381


https://doi.org/10.4314/ajfand.v8i2.19185
https://doi.org/10.1007/s00248-021-01815-7
https://doi.org/10.1007/s00248-021-01815-7
https://doi.org/10.3390/agronomy14071410
https://doi.org/10.21608/jenvbs.2024.338639.1257
https://doi.org/10.21608/jenvbs.2024.338639.1257
https://doi.org/10.56042/ijtk.v22i4.7237
http://www.fao.org/3/cb1329en/CB1329EN.pdf
http://www.fao.org/3/cb1329en/CB1329EN.pdf
https://doi.org/10.32628/IJSRST221119
https://doi.org/10.1016/S0039-9140(97)00014-3
https://doi.org/10.1016/S0039-9140(97)00014-3

KOFFI et al.; Int. J. Plant Soil Sci., vol. 37, no. 12, pp. 372-383, 2025; Article no.lJPSS.149919

Parameters. Microbiology Research
Journal International, 35(8), 1-9.
https://doi.org/10.9734/mrji/2025/v35i8160
5

Koffi, G. A., Dibi, E. A. D. B., Anon, H. A., Ndoye,
F., Bakhoum, N., Diouf, D., & Dabonné, S.
(2021). Diversity of Arbuscular Mycorrhizal
Fungi Associated with Maize and Peanut

Crop in Northern Coéte  d’lvoire.
International Journal of Bioscience, 18(3),
240-250.

https://doi.org/10.12692/ijb/18.3.240-250

Makeen, K., Babu, G. S., Lavanya, G. R., &
Abraham, G. (2007). Studies of chlorophyll
content by different methods in Black
Gram (Vigna mungo L.). International
Journal of Agricultural Research, 2(7),
651-654.
https://doi.org/10.3923/ijar.2007.651.654 .

Mohammad, R. H., & Alobaidy, B. S. J. (2023).
The Effect of Rhizobia Inoculum and
Mineral Fertilizers on the Number of Root
Nodes, Growth, and Yield of Groundnut.
IOP Conference Series: Earth and
Environmental Science, 1252(1), 012027.
https://doi.org/10.1088/1755-
1315/1252/1/012027 .

Moreno, M. T., Audesse P., Giroux M., Frenette
N. & Cescas M., (2001). Comparaison
entre la détermination de la matiére
organique des sols par la méthode de
Walkley-Black et la méthode de perte au
feu. Agrosol, 12(1), 49-58.

Ollivier, J., Téwe, S., Bannert, A., Hai, B., Kastl,
E. M., Meyer, A., Su, M. X., Kleineidam, K.,
& Schloter, M. (2011). Nitrogen turnover in
soil and global change. FEMS
Microbiology = Ecology, 78(1), 3-16.
https://doi.org/10.1111/j.1574-
6941.2011.01165.x

Rani, T. S., Umareddy, R., Ramulu, C., & Kumar,
T. S. (2021). Green Manurs and Grean leaf
manures for soil fertility improvement: A
review. Journal of Pharmacognosy and
Phytochemistry, 10(5), 190-196.
https://www.phytojournal.com/archives/202
1.v10.i5.14196/green-manurs-and-grean-
leaf-manures-for-soil-fertility-improvement-
a-review

Rao, R. N., & Talluri, M. V. N. K. (2007). An
overview of recent applications of
inductively coupled plasma-mass
spectrometry (ICP-MS) in determination of

inorganic  impurities in  drugs and
pharmaceuticals. Journal of
Pharmaceutical and Biomedical Analysis,
43(1), 1-13.

https://doi.org/10.1016/j.jpba.2006.07.004
Renganathan, P., Astorga-El6, M., Gaysina, L.
A., Puente, E. O. R., & Sainz-Hernandez,
J. C. (2025). Nitrogen Fixation by
Diazotrophs: A Sustainable Alternative to
Synthetic  Fertilizers in  Hydroponic
Cultivation. Sustainability.
https://doi.org/10.3390/su17135922
Sajid, M., Rab, A., Wahid, F. I., Shah, S. N. M.,
Jan, I., Khan, M. A,, Hussain, M. A., Khan,
M. A. & lIgbal, Z. (2011). Influence of
rhizobia inoculation on growth and yield of
groundnut cultivars. Sarhad Journal of
Agriculture, 27(4), 573-576.
10.21608/jenvbs.2024.338639.1257
Smith, P., Martino, D., Cai, Z.,, Gwary, D.,
Janzen, H., Kumar, P., McCarl, B., Ogle,
S., O'Mara, F., Rice, C., Scholes, B.,
Sirotenko, O., Stenbaek, D., Soussana, J.-
F., Tubiello, F., Ravindranath, N. H.,
Verchot, B., & van Amstel, D. (2008).
Greenhouse gas mitigation in agriculture.
Philosophical Transactions of the Royal
Society B: Biological Sciences, 363(1492),
789-813.
https://doi.org/10.1098/rsth.2007.2184
Tang, C. J., Luo, M. Z., Zhang, S., Jia, G. Q.,
Tang, S., Jia, Y. C., Zhi, H., & Diao, X. M.
(2023). Variations in chlorophyll content,
stomatal conductance, and photosynthesis

in Setaria EMS mutants. Journal of
Integrative  Agriculture, 22(6), 1618-
1630.

https://doi.org/10.1016/j.jia.2022.10.014
Touroumgaye, G., Nazal, A. M., Agoubli, I.,
Doloum, G., Amine, C. A,, Saleh, M. M., &
Ngariban, T. (2025). Optimizing Rhizobium
spp. Application for Maximizing Peanut
Yield in the Sudanian Climate of
Chad. Journal of Experimental Agriculture
International, 47(4), 122-130.
D0i:10.9734/jeail2025/v4 7143362
Trouvelot, A., Kough, J. L., Gianinazzi-Pearson,

V. (1986). Mesure du taux de
mycorhization V. A d'un systeme
radiculaire. Recherche de méthodes
d'estimation ayant une signification

fonctionnelle. In : Gianinazi-Pearson V,
Gianinazzi S. Les mycorhizes : Physiologie
et Génétique, ler Séminaire Européen sur
les mycorhizes, Dijon, INRA, Paris, 217-
221.
https://agris.fao.org/search/en/providers/12
2439/records/6471bf6d77fd37171a6e4496
Ugwuoke, C. U., Omeje, B. A., & Eze, G. E.
(2024). Consequences of Excessive
Application of Agricultural Chemicals on

382


https://doi.org/10.9734/mrji/2025/v35i81605
https://doi.org/10.9734/mrji/2025/v35i81605
https://doi.org/10.12692/ijb/18.3.240-250
https://doi.org/10.3923/ijar.2007.651.654
https://doi.org/10.1088/1755-1315/1252/1/012027
https://doi.org/10.1088/1755-1315/1252/1/012027
https://doi.org/10.1111/j.1574-6941.2011.01165.x
https://doi.org/10.1111/j.1574-6941.2011.01165.x
https://www.phytojournal.com/archives/2021.v10.i5.14196/green-manurs-and-grean-leaf-manures-for-soil-fertility-improvement-a-review
https://www.phytojournal.com/archives/2021.v10.i5.14196/green-manurs-and-grean-leaf-manures-for-soil-fertility-improvement-a-review
https://www.phytojournal.com/archives/2021.v10.i5.14196/green-manurs-and-grean-leaf-manures-for-soil-fertility-improvement-a-review
https://www.phytojournal.com/archives/2021.v10.i5.14196/green-manurs-and-grean-leaf-manures-for-soil-fertility-improvement-a-review
https://doi.org/10.21608/jenvbs.2024.338639.1257
https://doi.org/10.1016/j.jia.2022.10.014
https://dx.doi.org/10.9734/jeai/2025/v47i43362

KOFFI et al.; Int. J. Plant Soil Sci., vol. 37, no. 12, pp. 372-383, 2025; Article no.lJPSS.149919

the Sustainable Environment and Food vironment%20and%20Food%20Security.p
Security. International Journal of df

Agricultural Education and Research, 2(1). Yaremko, L., Hanhur, V., & Staniak, M. (2024).
https://ijaer.ng/2024 v2_i1/11- Effect of fertilization and microbial
Consequences%200f%20Excessive%20A preparations on productivity of chickpea
pplication%200f%20Agricultural%20Chemi (Cicer arietinum L.). Acta Agrobotanica,
cals%200n%20the%20Sustainable%20En 77. https://doi.org/10.5586/aa/182829

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2025): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://pr.sdiarticle5.com/review-history/149919

383


https://ijaer.ng/2024_v2_i1/11-Consequences%20of%20Excessive%20Application%20of%20Agricultural%20Chemicals%20on%20the%20Sustainable%20Environment%20and%20Food%20Security.pdf
https://ijaer.ng/2024_v2_i1/11-Consequences%20of%20Excessive%20Application%20of%20Agricultural%20Chemicals%20on%20the%20Sustainable%20Environment%20and%20Food%20Security.pdf
https://ijaer.ng/2024_v2_i1/11-Consequences%20of%20Excessive%20Application%20of%20Agricultural%20Chemicals%20on%20the%20Sustainable%20Environment%20and%20Food%20Security.pdf
https://ijaer.ng/2024_v2_i1/11-Consequences%20of%20Excessive%20Application%20of%20Agricultural%20Chemicals%20on%20the%20Sustainable%20Environment%20and%20Food%20Security.pdf
https://ijaer.ng/2024_v2_i1/11-Consequences%20of%20Excessive%20Application%20of%20Agricultural%20Chemicals%20on%20the%20Sustainable%20Environment%20and%20Food%20Security.pdf
https://ijaer.ng/2024_v2_i1/11-Consequences%20of%20Excessive%20Application%20of%20Agricultural%20Chemicals%20on%20the%20Sustainable%20Environment%20and%20Food%20Security.pdf
https://doi.org/10.5586/aa/182829
https://pr.sdiarticle5.com/review-history/149919

