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ABSTRACT

Soy bean (Glycine max L.) grains are important legume crops commonly grown in Kenya. Soy bean
genotypes are grown in western Kenyan soils that are highly saturated with aluminium ions.
Aluminium toxicity mainly limits crop production. Many soy bean genotypes do not tolerate high
acidity in soils. Aluminium stress have effects on root growth, which limits plant growth and
development. Inoculation of plants with Rhizobia can restore nitrogen under acid affected soils to
produce competitive crop yields. There is little information on response of soy bean genotypes
grown in Western Kenya to aluminium toxicity under rhizobium inoculation. This study was
designed to determine the effect of aluminium application and Rhizobia inoculation on growth, yield
and nutrients uptake of soy bean genotypes. Eight treatments of Al (AICI3.6H20) levels and
Rhizobia were imposed. Randomized Complete Block Design with three replicates was used.
Parameters determined included; number of branches, days to 50% flowering, pod clearance,
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number of pods, days to harvest maturity and nitrogen, phosphorus and potassium contents.
Tukey’'s HSD test at 5% level was used to separate treatment means. Mean of branches for
NAMSOI was significantly higher compared to mean branches for GAZZELLE and TGX at
treatment 4 (T4) on 61 DAT, respectively. Mean number of days to 50% flowering of NAMSOI was
significantly higher than that of GAZZELLE and TGX genotypes, respectively at T3.There was a
statistically significant interaction between the effects of treatments and genotypes on NPK
concentrations in plants. These findings show that Bradyrhizobium japonicum inoculation alleviates
Al effects to a level that is significant to improve soy bean yield. Therefore, genotypes GAZELLE
and NAMSOI under Rhizobia inoculation were identified to be more tolerant to Al-stress, hence are
recommended for growing in Al prone soils. It provides the best conditions in improving soy bean

production under Al stress prone soils.

Keywords: Aluminium; growth and yield parameters; NPK concentration; Rhizobium inoculation and

Soy bean.

ABBREVIATIONS

HSD . Tukey's studentized range test
(honestly significant difference);

IITA . International Institute of Tropical
Agriculture;

K . Potassium;

N . Nitrogen;

P . Phosphorous;

TGx . Tropical Glycine crosses series;

Ts . Treatments;

TSBF . Tropical soil Biology and Fertility;

YMA . Yeast Mannitol Agar;

YMB : Yeast Mannitol Broth.

1. INTRODUCTION

Soy bean (Glycine max L.) grains are the world’s
most important among legumes crops and
commonly grown in Kenya [1]. Soy bean
products have low levels of saturated fat and
cholesterol-free [2] making them highly nutritious.
Aluminium ions have been considered as a major
limiting factor in acidic soils of western Kenya. It
affects about 40-70% of the worlds cultivated
land [3], which has potential for soy bean crop
production. Soy bean genotypes are grown in
these areas hence may face a problem of Al
stress. Edna et al. [4] notes that compared to
other countries such as USA, Al has led to low
soy bean production in Kenya.

The challenge of the increasing production of soy
bean is that, in Africa, soils are known to become
exhausted due to over cultivation [5]. This
means, mineral fertilizers are needed to be
applied, yet they are too expensive for the
generally resource-poor farmers to afford
guantities sufficient for sustainable agricultural
intensification. ~ Rhizobia  inoculation  may
therefore, partly address the problem of soil

fertility in acidic soils caused by Al. Inorganic
fertilizers are expensive and out of reach for the
smallholder farmers in western Kenya sub-
counties. Therefore, cheaper biological means
like the use of microorganisms such as Rhizobia
should be used as a means to replenish soil
fertility [6]. Soil acidity disturbs and limits nitrogen
fixing symbiosis [4]. Rhizobia species have
metabolic abilities to mitigate Al stress, hence
inoculation with Rhizobia can restore nitrogen
under acid affected soils to produce competitive
crop yield [7]. Biological nitrogen fixations (BNF)
contribute approximately 70 million tons of fixed
N annually to agricultural lands [8]. However, the
amount of N fixed can vary between species,
locations due to differences in soil factors, soy
bean genotype and Rhizobia strain.

Aluminium toxicity is a hindrance to soy bean
production. One of the approaches to reduce the
effect of Al toxicity is inoculation of the seeds
with Rhizobia before planting [2]. Soy bean
seeds are rich in proteins; therefore the plants
require a large amount of nitrogen (N). Soy
beans might suffer from nitrogen deficiency
under field conditions [1]. For instance, at
flowering when the nodules start to senescence
or when seeds are either planted in soils without
inoculation with proper symbiotic bacteria. In
particular areas where soy bean has not been
grown before (Aftab et al., 2010), there is no
success in nodulation therefore low seed yield
especially if not inoculated. The bacteria is able
to fix up to 300 kg/ha atmospheric nitrogen that
lead to increased grain and biomass vyield [9]. It
can therefore alleviate low biomass and low grain
production of soy bean plants in acidic soils
caused by Al. Consequently, the problem of soil
pollution, which arises from excessive use of
nitrogen fertilizers may be solved [6] as well as
food insecurity. Aluminium ions (AI®*) in acidic
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soils bind to minerals and reduce their uptake
[10]. This may cause infertility in acid sails,
therefore, mineral element deficiency of N,
phosphorous (P) and potassium (K). For
instance, Al can lower P availability and block the
normal uptake of Ca?* and Mg? causing an
imbalance in plant mineral nutrition [11]. These
effects are manifested in soy bean plants as non-
efficient use of nutrients of the subsoil, because
the plants have difficulties in root system
formation [12]. Enzyme activities may be lowered
as nitrogen is rechanneled into tissues such as
leaves, flowers and pods [13]. Therefore,
inoculation meant amino acids and proteins
remained available to decrease senescence as
photosynthetic activity was maintained at this
stage of remobilization [3]. Inoculation done to
soy beans, might have to some level reduced the
effect of Al in reducing nitrate reductase enzyme
and therefore delayed senescence (Emel et al.,
2018). Compared to inorganic fertilizer use, there
is low cost for this process, although it is under-
utilized due to it's poor understanding [14].

The objective of our study was to determine the
effect of aluminium application and Rhizobia
inoculation on growth, yield and NPK nutrients
concentration of three soy bean genotypes
grown in Kenya. Mechanisms of Al toxicity and
resistance are complex and have not yet been
fully explained. Furthermore, there is a dath of
information on tolerant and high vyielding soy
bean genotypes to Al stress under Rhizobia
inoculation. Soy bean strains that can improve
nodulation under Al are much yet to be identified.
Little is documented on the effects of Rhizobia
inoculation and Al stress on growth, yield and
NPK of soy beans grown in Kenya.

2. MATERIALS AND METHODS
2.1 Experimental Site

Research was carried out within greenhouse at
Maseno University Research Farm between
August 2021 and December 2022. The site is
located approximately 1504m above sea level on
Latitude and Longitude extents of 0° 1/ 0/S and
34% 36/0'E respectively with a UTM position
XE79 and a joint operation graphic reference
SA36-04.

Planting Procedure: Genotypes (SB 17 (TGx
1871-12E), SB 19 (NAMSOI) and SB 72
(GAZELLE)) were obtained from farmers linked
to the Consortium of International Agricultural
Centers (CGIAR) station at Maseno. Land was
sampled and soils collected from Maseno

University farm in consideration to Keino [15].
Soils were characterized according to Kiflu et al.
[16] and the results were recorded in Table 1
below.

Inoculation of Seeds: Soy bean seeds were
sterilized and spread in water-agar plates then
incubated in the darkness for germination as
done by Gicharu et al. [17]. Sterile disposable

pipette tip was used to inoculate 1ml
(approximately contained 10° cells mL1) of pure
isolate  Bradyrhizobium japonicum (USDA-

Rhizobia) culture suspension directly around
seedling hypocotyl at a recommended rate of
10g per kg of seed (Ajeighe et al., 2010).
Thereafter, the inoculated surface was covered
with steam sterilized sand to inhibit conformation.

Planting and Experimental Design: Twenty
litre PVC pots were filled with soil then ten seeds
were planted per pot. Fertilization was done as
recommended in soy bean legume plants by
Gicharu et al. [17]. Randomized Complete Block
Design with three replicates was used.
Interactive treatments comprised of Control
(Water)*Inoculated, 480 uM Al*Inoculated, 750
MM Al*lnoculated and 960uM Al*Inoculated,
Control (Water), 480 uM Al, 750 uM Al and
960uM Al which are T1, T2, T3, T4, T5, T6, T7
and T8 respectively.

2.2 Determination of Growth

Number of Leaves: Leaves were counted and
recorded.

Number of Branches: Branches were counted
for the three plants and the number recorded on
average.

Days to 50% Flowering: These were
determined at a stage when 50% of the plants (5)
were with at least one fully open flower.

Pod Clearance: Pod clearance was the average
number of three randomly selected plant heights
(cm) from ground level to the lowest pods in a
PVC pot.

Number of Pods: Pods were counted for the
three plants and the number recorded on
average.

Days to Harvest Maturity: This was determined
by recording number of days from planting to a
stage when 95% of the pods had changed from
yellow to brown.
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Table 1. Soil characteristics of Maseno

Soil characters Units Result Range Range L. A. H
low high

pH (KCI) pH 4.9 4.9 6.4 N
Organic carbon g.kgt 19 20 50 \

Total nitrogen g.kg! 1.9 1.0 2 \

Total phosphorous g.kg? 11 0.2 0.6 \
Total sulfur g.kg? 0.3 0.3 0.5 \
Potassium (exch.) mmol.kg?! 6.7 15 3 \
Calcium (exch.) mmol.kg! 59.1 15 25 \
Magnesium (exch.) mmol.kg?! 155 4.5 10 \
Zinc (M3) mg.kg? 3.4 2.5 4 \

Copper (M3) mg.kg? 4.5 1 2 \
Cation exchange capacity mmol.kg? 91.9 75 200 \

Clay % 53.8 25 50 \
Sand % 20.4 35 55 J

Total Aluminium g.kg? 100 56 91 \
Total potassium g.kg? 4.7 9.8 22 \

Total silicon g.kg? 270.6 250 330 \

Total iron g.kg? 84 27 72 \
Phosphorous (M3) mg.Pkg?! 24.6 20 40 \

Total manganese g.kg! 4541 610 2300 \

L. A. and H. indicate low, adequate and high content of parameters shown in the Table 1

2.3 Determination of Mineral Nutrients

Determination of Nitrogen: Determined
according to the procedure of Motsara and Roy
[18]. Both mixed reagents were made
considering the procedure of Revati et al. [19].
Standard solution of nitrogen of 300 mg/L was
then formed by dissolving 1.4159 g of (NH4)2 SO4
in 50 ml of 0.7M sulphuric acid solutions, then
used to make standard series: 0, 1, 2, 3, 4, 5 ml
of standard solution. Plant sample of 0.5g at
harvest was wet-digested in di-acid and then
made up to 100 ml volume. Sample diluted
solutions (i.e, digest or standard series) of 0.2ml
was added to 3 ml of mixed reagent | and 5ml of
reagent Il. Mixed after each addition, then
measured the absorbance after 90 minutes by
flame photometer (model 410, Sherwood
Scientific LTD, Cambridge UK) at 630 nm (Ye-Jin
et al., 2017). The absorbance reading was used
to determine the P concentration from the
standard curve and calculation done as to Revati
et al. [19].

Determination of Phosphorus: Reagents for
colour development were made using the
procedure of Motsara & Roy [18] where,
ammonium  molybdate-antimony  potassium
tartrate solution and antimony potassium tartrate
were dissolved in water and diluted to 1L.
Standard solution was made by procedure of Ye-
Jin et al. (2017). The absorbance was then read

using flame photometer and used to make the
standard curve of absorbance against N
concentrations. Plant sample of 0.5g at harvest
for each PVC pot was wet-digested in di-acid and
then made up to 100 ml volume [18]. Absorbance
was measured by flame photometer (Model 410,
Sherwood Scientific LTD, Cambridge UK) at
650nm (Ye-Jin et al., 2017). The absorbance
reading was then used to determine the P
concentration from the standard curves and
calculations done using procedure of [19].

Determination of Potassium:  Standard
potassium stock solution was prepared by
procedure of Motsara and Roy [18], where
0.1253 of reagent grade KCl was dissolved.
Stock solution was diluted to a mark by distilled
water and mixed thoroughly to give
concentrations of 0, 0.2, 0.4, 0.6, 0.8 and 1 g.L?
K respectively. Plant sample of 0.5 was made
up to 100 ml volume after it was digested in di-
acid [18]. Potassium content was measured at
plant harvest for each pot using flame
photometer (Model 410, Sherwood Scientific
LTD, Cambridge UK). The absorbance of plant
sample was then used to determine K content
from the standard curve. K concentration was
then calculated using the equation of Revati et al.
[19].

Statistical Data Analysis: The effect of
genotypes and treatments was tested using the
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general linear model [20] in a factorial way by
statistical analysis software (SAS) 9.1. Tukey’s
HSD test at 5% level was used to separate the
means.

3. RESULTS
3.1 Plant Growth

Number of Leaves: Fig. 1 shows number of
leaves in the three soy bean genotypes. No
significant differences were observed whenever
each mean of GAZZELLE, NAMSOI and TGX
was compared at any of the eight treatments
levels and combined treatments on 45 DAT, 49
DAT, and 56 DAT and on 63 DAT. Number of
leaves on day 45 after treatment showed that
there was a statistically significant difference
(p=.05) amongst genotypes as determined by
ANOVA. Tukey's studentized range (HSD)
showed that there were no significant differences
whenever each of the means for aluminium
treatments {480 uM Al (2.89), 750 uM Al (2.89),
Control (2.89), and 960 pM Al (2.78)} was
compared to the other. Number of leaves for
TGX (2.96) and NAMSOI (2.96) soy bean
genotypes treated with Rhizobia and Al were
significantly higher than that of TGX. Number of
leaves on 49 DAT showed that there were a
statistically  significant  differences  (p=.05)
amongst eight treatments and genotypes as
determined by ANOVA. Mean number of leaves
for NAMSOI (3.96) and TGX (3.92) soy bean
genotypes treated with Rhizobia and Al were
significantly higher than that of GAZZELE (3.58).
Number of leaves on 56 DAT showed that there
were a statistically significant differences (p=.05)
amongst aluminium treatments and genotypes as
determined by ANOVA. There was a statistically
significant interaction between the effects of
aluminium treatments and genotypes on day 56
after treatments. Mean number of leaves for
USDA-inoculated (4.97) did not show significant
differences whenever it was compared to mean
at non-inoculated (4.89). Mean number of leaves
for NAMSOI (5.00) soy bean genotype treated
with Rhizobia and Al was significantly higher than
those of TGX (4.96) and GAZZELE (4.83),
respectively. Number of leaves on 63 DAT
showed that there were a statistically significant
differences (p=.05) amongst eight treatments
and genotypes as determined by ANOVA.
Tukey's HSD showed that mean at control (7.00)
and 750 uM Al (6.89) significantly higher
compared to means at 480 uM Al (6.83) and 960
UM Al (6.61) for number of leaves on 63 DAT,
respectively. Mean number of leaves for

NAMSOI (7.00) soy bean genotype treated with
Rhizobia and Al was significantly higher than
those of TGX GAZZELE (6.75) and TGX (6.75),
respectively.

Number of Branches: Fig. 1 shows number of
branches in the three soy bean genotypes
measured on 61, 72, 78 and 96 days after
treatment. Mean of branches for NAMSOI was
significantly higher compared to mean branches
for GAZZELLE and TGX at treatment 4 (T4) on
61 DAT, respectively (Fig. 2). Mean of branches
for TGX was significantly higher (p<0.05)
compared to mean for GAZZELLE and NAMSOI
at T5, respectively. Number of branches on day
61 after treatments showed that there were a
statistically significant differences amongst eight
treatments (p=.05) and genotypes (p<.01) as
determined by ANOVA. Tukey's HSD showed
that there were significant differences for number
of branches on 61 DAT whenever mean at either
control (3.83) or at 480 pM Al (3.33) was
compared to mean at either 750 uM Al (3.11) or
960 uM Al (2.94). Mean number of branches for
USDA-inoculated (6.92) was significantly higher
whenever it was compared to mean at non-
inoculated (6.75). Mean number of branches for
TGX (3.96) soy bean genotype treated with
Rhizobia and Al was significantly higher than
those of NAMSOI (3.25) and GAZZELE (2.71),
respectively. Number of branches on day 72 after
treatments showed that there were a statistically
significant differences amongst eight treatments
and genotypes (p=.05) as determined by
ANOVA. Tukey's HSD showed that mean at
control (5.28) was significantly higher whenever it
was compared to mean at either 480 uM Al
(4.83), 750 uM Al (4.33), or at 960 uM Al (4.17)
for number of branches on 72 DAT. Mean
number of branches for USDA-inoculated (3.50)
was significantly higher whenever it was
compared to mean at non-inoculated (3.11).
Mean number of branches for TGX (4.92) soy
bean genotype treated with Rhizobia and Al was
significantly higher than that of NAMSOI (4.67)
while mean for GAZZELE (4.38) was significantly
lower whenever compared to mean at NAMSOIL.
Number of branches on day 78 after treatment
showed that there was a statistically significant
difference amongst eight treatments (p<.01) as
determined by ANOVA. Tukey's HSD showed
that means at control (6.56) and 480 uM Al
(6.05), were significantly higher compared to
means at 750 uM Al (5.50) and 960 uM Al (5.17)
for number of branches on 78 DAT, respectively.
Number of branches on day 96 after treatment
showed that there was a statistically significant
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Fig. 1. Number of leaves per plant of three soy bean genotypes at 45 DAT, 49 DAT, 56 DAT and 63 DAT subjected to various treatments. Values are
means of three replicates+SEs. Control (Water)*Inoculated (T1), 480 uM Al*Inoculated (T2), 750 uM Al*Inoculated (T3) and 960 puM Al*Inoculated
(T4), Control (T5), 480 uM Al (T6), 750 uM Al (T7) and 960 uM Al (T8)
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Fig. 2. Number of branches per plant of three soy bean genotypes at 61 DAT, 72 DAT, 78 DAT and 96 DAT subjected to various treatments. Values
are means of three replicateszSEs. Control (Water)*Inoculated (T1), 480 uM Al*Inoculated (T2), 750 uM Al*Inoculated (T3) and 960 uM Al*Inoculated
(T4), Control (T5), 480 uM Al (T6), 750 uM Al (T7) and 960 uM Al (T8)
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differences amongst eight treatments (p<.01) as
determined by ANOVA. Tukey's HSD showed
that means at control (7.33) or at 480 uM Al
(6.56) were significantly higher compared to
mean at 750 uM Al (5.89) and 960 uM Al (5.00)
for number of branches on 96 DAT, respectively.
Mean at USDA-inoculated (6.00) was
significantly higher whenever it was compared to
mean at non-inoculated (5.63).

Days to 50% Flowering: Days to 50% flowering
in plants showed that there was a statistically
significant difference amongst genotypes (p<.01)
as determined by ANOVA. Tukey's HSD showed
significant differences whenever each of the
means for aluminium treatment {480 uM Al
(42.78), Control (42.50), 750 uM Al (42.39), and
960 pM Al (42.11)} were compared for days to
50% flowering. Mean number of days to 50%
flowering for NAMSOI (43.50) soy bean genotype
treated with Rhizobia and Al was significantly
higher than those of TGX (42.08) and GAZZELE
(41.75), respectively. Table 2 shows mean
number of days to 50% flowering determined in
the three soy bean genotypes. Mean number of
days to 50% flowering of NAMSOI was
significantly higher than that of GAZZELLE and
TGX genotypes, respectively at T3.

Pod Clearance: Table 2 shows pod clearance of
the three soy bean genotypes. Mean of pod
clearance of NAMSOI was significantly higher
than that of GAZZELLE and TGX genotypes,
respectively, at T2 and T3 (Table 2). Meanwhile,
mean of pod clearance for TGX was significantly
higher than that of GAZZELLE and NAMSOI at
T7, respectively. Pod clearance in plants showed
that there was a statistically significant difference
amongst genotypes (p=.05) as determined by
ANOVA. Tukey's HSD showed that mean pod
clearance for eight treatments concentrations
{control (20.46 cm), 960 uM Al (20.43 cm), 750
pM Al (19.44 cm) and 480 pM Al (18.16 cm)}
were not significantly different when measured.
Mean number of pods for USDA-inoculated
(19.93cm) was highly not significantly different
from that of non-inoculated (19.32cm). Mean Pod
clearance for NAMSOI (21.53cm) soy bean
genotype treated with Rhizobia and Al was
significantly higher than those of TGX (19.15 cm)
and GAZZELE (18.19 cm), respectively.

Number of Pods: Fig 3 shows mean number of
pods in the three soy bean genotypes on 55
DAT, 62 DAT, 68 DAT and 116 DAT. Mean
numbers of pods of NAMSOI was significantly
higher than mean of either TGX or GAZZELLE

(Fig. 3.) on 62 DAT at T2 and on 116 DAT at T6.
Number of pods on day 55 after treatment
showed that there were statistically significant
differences among the three genotypes (p=.05)
and amongst eight treatments (p<.0l) as
determined by ANOVA. Mean number of pods at
control (7.67) was significantly higher than mean
at 480 pM Al (6.67), 750 pM Al (6.56) and 960
UM Al (6.06) respectively, for number of pods.
Mean number of pods of NAMSOI (7.04) soy
bean treated with Rhizobia and Aluminium was
significantly higher than those of GAZZELE
(6.63) and TGX (6.54), respectively. Number of
pods on day 62 after treatment showed that there
was a statistically significant difference (p=.05)
amongst eight treatments as determined by
ANOVA. Tukey's HSD showed that mean at
control (7.83) was significantly higher than mean
at 480 pM Al (7.00), 750 puM Al (6.94) and 960
UM Al (6.39), respectively for number of pods.
Mean number of pods of USDA-inoculated (7.08)
was highly significantly different than the mean at
non-inoculated (7.00).

Days to Harvest Maturity: Table 3 shows the
mean number of days to harvest maturity. The
mean of genotype GAZZELLE was significantly
different than those of NAMSOI and TGX at T4.
The mean of NAMSOI was significantly higher
than those of GAZZELLE and TGX in T6. Days
to harvest maturity showed that there was a
statistically significant difference among the three
genotypes (p<.01) as determined by ANOVA.
Mean days to harvest maturity for GAZZELE
genotype (97.17) was significantly higher
compared to mean of either NAMSOI (93.83) or
TGX (90.00). Noteworthy, mean day to maturity
for NAMSOI was higher than that of TGX,
respectively.

3.2 Mineral Nutrient Concentrations

Nitrogen Concentrations: Fig. 4 shows N
concentration in the three soy bean genotypes.
The mean nitrogen concentration of GAZZELLE
was significantly higher compared to that of
NAMSOI and TGX at treatment 1 (T1),
respectively. The means of GAZZELLE and
NAMSOI genotypes was significantly higher to
TGX for treatments T3, T5, T6 and T7 (Fig. 4),
respectively. Nitrogen concentration in plants
showed that there were statistically significant
differences (p<.01) amongst eight treatments
and genotypes as determined by ANOVA. There
was a statistically significant interaction between
the effects of treatments and genotypes on N
concentration in plants. The mean of plant
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Table 2 Days to 50% flowering and Pod clearance of three soy bean genotypes subjected to various treatments. Values are means of
three replicatestSEs. Means with the same latter in the row are not significantly different

TREATMENTS Days to 50% flowering for genotypes Pod clearance (cm) for genotypes
GZZL NMSI TGX  Tukey's GZZL NMSI TGX Tukey's
grouping for grouping for
Treatments Treatments
Control*USDA - Inoculated 42.33+0.33a 43.00+0.00a 43.00+0.00a 42.78+0.15a 18.73+0.89a 23.6+3.22a 21.5¢1a 21.28+1.23a
480 pM AI*'USDA- Inoculated  41.67+0.33a 45.00+2.00a 42.33+0.33a 42.56+0.78a 13.77+1.13b 23.23+2.87a 19.13+2.94ab 18.71%1.84a
750 uM AI*USDA- Inoculated  41.33+0.33b 44.00+0.00a 41.67+0.33b 42.33+0.44a 17.83+2.13a 20.83+1.2a 20.53+1.35a 19.73+0.94a
960 uM AI*USDA- Inoculated  41.33+0.67a 43.00+0.00a 42.33+0.58a 42.22+0.32a 19.5+0.76ab 23.33+2.8a 17.17+0.83b  20%1.25a
Control (Water)*No inoculation 40.67+0.33a 45.00+2.00a 41.00+0.58a 42.22+0.92a 19.17+3.07a 19.93+6.38a 19.83+1.59b 19.64+2.09a
480 pM Al*No inoculation 42.33+0.88a 43.00+2..00a 42.33+0.58a 43.00+0.29a 18.5+1.32a 15.83+0.44a 18.5+2.36a 17.61%0.91a
750 uM Al*No inoculation 42.33+0.88a 42.67+0.33a 42.33+0.58a 42.44%0.29a 18.77+1.79a 21.5+0.5a 17.17+0.83b 19.14%0.86a
960 uM Al*No inoculation 42.00.+ 0.0a 42.33+0.67a 41.67+0.58a 42.00%+0.24a 19.27+3.6a 24.+3.06a 19.33+1.09a 19.64+1.6a
Tukey's grouping 41.75+0.20b 43.50+0.37a 42.08+0.16b 18.1940.71b 21.53+1.07a 19.15+0.57ab

for genotypes

Control (Water)*Inoculated (T1), 480uM Al*Inoculated (T2), 750uM Al*Inoculated (T3) and 960uM Al*Inoculated (T4), Control (T5), 480uM Al (T6),

and 960uM Al (T8).

400

750uM Al (T7)



Mmayi et al.; Asian J. Res. Crop Sci., vol. 8, no. 4, pp. 392-409, 2023; Article no.AJRCS.106816

—
. 1235 55 DAT 125 62 DAT S
-~
S 10 - i ~4-TGX
S
g 75 - 51
Z
5 . FE—1 L S — — 5 ; - - T ' T —
TT T2 T3 T4 T5 T6 T1 T8 TT T2 T3 T4 T5 T6 T7 TS
leS- 68 DAT 12:5:4 116 DA’
-
S
S 10 10
—
2 .
-g 7.5 ) W 7.5 | -
Z
5 _ 5
TT T2 T3 T4 T5 T6 TI T8 TT T2 T3 T4 T5 T6 TI T8

Treatments Treatments

Fig. 3. Number of pods per plant of three soy bean genotypes at 55 DAT, 62 DAT, 68 DAT and 116 DAT subjected to various treatments. Values are
means of three replicates+SEs.. Control (Water)*Inoculated (T1), 480 uM Al*Inoculated (T2), 750 uM Al*Inoculated (T3) and 960 uM Al*Inoculated
(T4), Control (T5), 480 uM Al (T6), 750 uM Al (T7) and 960 uM Al (T8).
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nitrogen concentrations for each of aluminium
treatments {Control (47.56 ug.I't), 480 puM Al
(46.86 pg.It), 960 uM Al (45.03 pg.I), and 750
UM Al (42.46 pg.L1)} were significantly different.
Similarly, mean of USDA-inoculated (46.87 pg.I%)
was significantly higher than the one in non-
inoculated (44.10 pg.I'') plants. The means of
nitrogen concentrations for genotype NAMSOI
(47.31 pg.LY), GAZZELE (46.77 pg.I't) and TGX
(42.36 ug.I't) showed significant differences.

Phosphorous concentrations: Fig. 6 shows P
concentration in the three soy bean genotypes.
The mean of phosphorous concentration of
GAZZELLE genotypes was significantly higher
than that of NAMSOI and TGX at treatments T1,

T5 and T8, respectively. Phosphorous
concentration in plants showed that there were
statistically ~ significant  differences  (p<.01)

amongst eight treatments and genotypes as
determined by ANOVA. There was a statistically
significant interaction between the effects of
treatments and genotypes on P concentration in
plants. The mean of phosphorous concentration
at control (28.78 ug.l't) was significantly higher
than those at 480 uM Al (27.11 ug.I't), 750 uM Al
(26.78ug.I'Y) and 960 pM Al (21.11 pg.l?)
treatments, respectively. The mean of
phosphorous concentration at treatments 480 uM
Al and 750 pM Al were significantly higher
different than 960 uM Al. Mean phosphorous
concentration for USDA-inoculated (27.61 pg.l'%)
was also significantly higher than the mean for

non-inoculated (24.28 pg.L'). The mean P
concentration of NAMSOI (27.94 pg.'Y) and
GAZZELE (27.69 pug.I'Y) soy bean genotypes
treated with Rhizobia and aluminium were
significantly than that of genotype TGX (22.19

Hg.I").

Potassium Concentrations: Fig. 6 shows K
concentration in the three soy bean genotypes.
The mean of potassium concentrations for
NAMSOI and TGX were significantly higher than
that of GAZZELLE at treatments T4, T5, T6 and
T7, respectively. Potassium concentration in
plants showed that there were statistically
significant differences (p<.01) amongst eight
treatments and genotypes as determined by
ANOVA. There was a statistically significant
interaction between the effects of treatments and
genotypes on K concentration in plants. The
mean of control treatment (169.67 pg.l't) was
significantly higher than at treatments 750 uM Al
(124.00 pg.It), 960 uM Al (116.33pg.I't) and 480
UM Al (112.33 ug.lIt), respectively. Similarly,
mean of potassium concentration at either 480
MM Al and at 960 uM Al was significantly higher
than at 750 pM Al The mean of USDA-
inoculated (147.00 pg.I'Y) soy bean plants was
also significantly higher than non-inoculated
(114.127 pg.I'Y). The mean K concentration for
NAMSOI (149.33 pg.It) and TGX (136.58 pg.It)
soy bean genotypes treated with Rhizobia and
aluminium were significantly higher than that of
genotype GAZZELE (105.83 ug.I).

Table 3. Days to harvest maturity of three soy bean genotypes subjected to various treatments.
Values are means of three replicates +SEs. Means with the same latter in the row are not
significantly different

TREATMENTS Days to harvest maturity for genotypes Tukey's
grouping for
Treatments
GZZL NMSOI TGX
Control*USDA- Inoculated 96.67+3.92a  93.00+1.00a 90.67+2.19a 93.44+1.59a
480 pM AI*USDA- Inoculated 97.33+2.33a  90.67+1.33a  93.33+2.96a 93.78+1.5la
750 pM AI*USDA- Inoculated 99.00+0.00a  96.33+4.26a  96.33+4.26a 95.00+1.89a
960 uM AI*USDA- Inoculated 95.33+1.00a  95.33+3.67ab 89.67+2.08b 94.44+2.06a
Control (Water*No inoculation 94.00+£1.00a 92.67+2.33a  90.67+2.19a 92.44+0.96a
480 uM Al*No inoculation 96.33+4.26ab 100.00+1.00a 88.00+0.00b 94.78+2.18a
750 uM Al*No inoculation 98.67+2.03a  92.33+3.33a  90.00+1.73a 93.67+l1.74a
960 uM Al*No inoculation 99.00+2.00a  90.33+2.33a  89.67+2.08a 91.78+1.3la
Tukey's grouping
for genotypes 97.17+0.83a  93.83+1.01b  90.00+0.83c

Control (Water)*Inoculated (T1), 480uM Al*Inoculated (T2), 750uM Al*Inoculated (T3) and 960uM Al*Inoculated
(T4), Control (T5), 480uM Al (T6), 750pM Al (T7) and 960uM Al (T8)
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Fig. 4. Nitrogen concentrations in plants of three soy bean genotypes at maturity subjected to
various treatments. Values are means of three replicates+SEs. Means with the same latter are
not significantly different. Control (Water)*Inoculated (T1), 480 uM Al*Inoculated (T2), 750 pM
Al*Inoculated (T3) and 960 uM Al*Inoculated (T4), Control (T5), 480 uM Al (T6), 750 uM Al (T7)

and 960 uM Al (T8)

60 = GAZZELLE

55 = NAMSOI
50 nTGX

45
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Phosphorous conc.(ug. I')
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Treatments

Fig. 5. Phosphorous concentrations in plants of the three soy bean genotypes at maturity
subjected to various treatments. Values are means of three replicates+SEs. Means with the
same latter are not significantly different. Control (Water)*Inoculated (T1), 480 uM Al*Inoculated
(T2), 750 uM Al*Inoculated (T3) and 960 uM Al*Inoculated (T4), Control (T5), 480 uM Al (T6), 750
UM Al (T7) and 960uM Al (T8)
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Fig. 6. Potassium concentrations in plants of the three soy bean genotypes at maturity
subjected to various treatments. Values are means of three replicates+SEs. Means with the
same latter are not significantly different. Control (Water)*Inoculated (T1), 480 pM
Al*Inoculated (T2), 750 uM Al*Inoculated (T3) and 960 uM Al*Inoculated (T4), Control (T5), 480
UM Al (T6), 750 uM Al (T7) and 960 uM Al (T8)

4. DISCUSSION

Effects Aluminium Application and Rhizobia
Inoculation on Growth and Yield: The growth
of plant shoots organs is affected in different
ways when exposed to Al stress. Results show a
decrease in leaf number for the three soy bean
genotypes under Al-toxicity. Aluminum toxicity,
therefore, may have affected the leaf
development of soy bean genotypes inhibiting
leaf growth among the genotypes [21]. Leaf
development might have been disrupted hence
affected this soy bean plant growth. Number of
leaves for soy bean genotypes significantly
increased when inoculated with USDA Rhizobia
strain. This increase was also found by Mfilinge
and Ndakidemi [22] when studying common
beans, according to them this can be explained
that, Bradyrhizobium spp. inoculums availed
nitrogen to soy bean genotypes leave after
fixation. This then offered much chlorophyll
formation hence multiplication of leaves. Results
of this present study are also congruent with
Kumawat et al. [23] findings which showed that
soy bean developed optimum leaves number
when inoculated with Bradyrhizobium
liaoningense. Plants that are exposed to Al and
at the same time not inoculated with
Bradyrhizobium, have been found to accumulate
high concentration of Al in leaves [24], this
phenomenon may have had greater impact on
growth leading to reduced number of leaves
found for such genotypes. For instance, soy
bean genotype GAZELLE exhibited this effect

due to Al toxicity with leave number. The results
indicated that soy bean sensitivity to Al toxicity is
determined by the days of exposure. It appears
like leaves are altered in the early days,
indicating Al toxicity to plants in their early stage
of growth contrary to earlier findings by Edna [4]
where effects were more serious at old age.
Previous studies [6,10] linked reduced leaf
number to low nutrient uptake. Number of
branches in soy bean was among the vegetative
parameter used to determine plant growth and
development. It varied for genotypes, Al
treatments and for Rhizobia treatments. In this
study, means at control on both DATs for number
of branches was significantly higher compared
those of Al treated plants. It is noteworthy that,
the effect of Al-stress eventually decreased
branching [24]. This might have adversely limited
branching in GAZZELLE. Aluminium stress
therefore might have also severely inhibited
plant-water status and cell elongation in this
genotype leading to much reduced branching.
The study revealed reduced branching in the
three genotypes at early stages of growth, for
instance on 61 days after treatment. It is likely
that, the apical meristem activity may have
reduced under Al. It is also possible that, nitrogen
availability in the soil significantly reduced
branching, as earlier found by Gwata et al.
(2004). However, Miguel et al. [10] noted that
high nitrogen content in the soil affects the
normal BNF, hence in some occasion nitrogen
application may have caused declined branch
formation in the soy bean as a morphological
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traits. Therefore, critical nitrogen levels below or
above is an impediment to attaining maximum
productivity in legumes. For instance, in Miguel
et al. [10], a critical nitrogen range under
inoculation may have been vital to inform the
optimal conditions for increased branches.
According to their research, high nitrogen levels
above required optimum may have suppressed
nodulation resulting in reduced branching and
ultimately low shoot weight and shoot biomass in
these soy beans under inoculation. Mebrahtu
and Teklay [25] showed that Bradyrhizobium spp.
lead to increased nitrogen fixation which caused
increased branching. Therefore, increased
number of branches in soy bean realised in this
study depended on the inoculation with Rhizobia.
This is inferred from the fact that non-inoculated
plants had fewer branches. The differences in
branching were noted among the soy bean
genotypes. TGX genotype had more branches
hence which may have influenced enzymatic
reactions in these plants. For instance, it might
have improved photosynthesis thus led to large
number of branches as suggested by Miguel et
al. [10], as shown in cacao plants. It has been
further explained that Rhizobia increases
biological nitrogen fixation (BNF), but when
coupled with phosphorus supplementation it
increases branching. It therefore may have
worked synergistically with phosphorous in
NAMSOI to convert nitrogen to ammonia. This
made nitrogen much readly available to increase
branches for the two genotypes, NAMSOI and
TGX. Days to 50 % flowering showed no
significant differences (p<0.05) for both Rhizobia
treatments and aluminium. According to Ntambo
et al. [26], this can be validated that nitrogen
deficiency due to Al stress at flowering caused
nodule senescence in GAZZELLE and TGX.
Bradyrhizobium  japonicum-USDA  inoculum
increases soy bean flowering days. NAMSOI had
more days that were counted to be significantly
higher compared to those of TGX and
GAZZELLE, respectively. Therefore inoculation
especially in NAMSOI led to high flowering
ability. Flowering was triggered by survival of
right proportion and type Rhizobia strain
inoculum [27]. In this regard, nitrogen fixations
and improved nutrient uptake, activated and
increased cell elongation and division. Some
genotypes like the promiscuous nodulating
genotype, GAZZELLE types respond adequately
to Rhizobia inoculation hence was found to have
less days to 50% flowering compared to TGX
which responded poorly to USDA Rhizobia as
also found by Adenkambi et al. [28] within soy
bean genotypes they studied, which therefore,

suggests it is a common phenomenon. For
instance, in their study, it was established that
there was a variation in number of days to 50%
flowering. Precisely, in their study TGx1955-4F
and TGx1951-3F genotypes flowered
significantly earlier compared to others. There
was no significant interaction between soy bean
genotypes and inoculum treatments with regard
to days to 50 % flowering, which was also found
by other studies Mossi et al. [24] when studying
chemotypes. Rhizobia treatments and Al
applications and furthermore, interactions did not
show significance level differences (p=.05) for
pod clearance. lbie et al. (2021) whose results
agree satisfactorily with the present study
suggested reasons to be maximum
environmental effects and high gene contribution
to phenotypic expression of genes. The
promiscuous NAMSOI genotype possesses a
significantly different and very interesting pod
clearance value compared to other genotypes
indicating its adaptability to the prevailing
conditions. Further, the only importance that is
sound for pod clearance is to facilitate a good
and mechanized harvesting condition [4]. Low
pod clearance height as for GAZZELLE and at
480 uM Al expose the soy beans to rainfall soil
splash that attribute to susceptibility to white
mould. In this study significant differences found
for pod number imply that Rhizobia inoculation
reduce the adverse effects of Al toxicity. High
number of pods found in NAMSOI and
GAZZELLE would eventually suggest that they
are likely to reap maximum yields according to
Mebrahtu and Tekley [25]. Generally, USDA
inoculated seeds led to plants with highly
significant number of pods than non-inoculated
plants. Therefore, using an appropriate
Rhizobium species before planting enhance pod
production and thus grain yield in legumes
regardless of Al availability in soils (Thilakarathna
and Raizada, 2017). Mean for TGX was
significantly lower (p>0.05) to those of
GAZZELLE and TGX genotypes at T4 and T6,
respectively when days to harvest maturity was
analyzed. However GAZZELLE is an early
maturing genotype [29]. The above-mentioned
findings imply that TGX, a late maturing
genotype might be affected much by aluminium
in acid soils even if inoculation is done, a
phenomenon that might have caused premature
browning of pods in these genotype.

Effects of Aluminium Application and
Rhizobia Inoculation on NPK Concentration:
According to the finding of this study, the effects
of Al application and Rhizobia inoculation on
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NPK concentration in different soy bean
genotypes vary (Figs. 1, 2 and 3). Al application
led to significant differences in the accumulation
of NPK in leaves of soy beans. Soy bean plants
grown in soils with Al exhibited high negative
effect of Al stress. For instance, nutrient became
deficient in Al applied plants than in controls. Al
ions may have accumulated to a large extent in
root system but less was transported to the
shoots of plants applied with Al as suggested by
Trebelsi et al. [21]. Therefore such roots became
inefficient in absorption of water and both
nutrients due to their drastic reduction in cell
elongation as they become stubby [30]. This
study revealed reduced concentration of N in
plants, interactions amongst eight treatments and
genotypes were all significantly different. This
strongly suggests that, Al in the soil lowers the
uptake of N and N-use efficiency [31]. However,
the various soy bean genotypes responded
variedly to Al application and Rhizobia
inoculation. For instance, mean N for GAZZELLE
was significantly higher than for NAMSOI and
TGX at treatment 1(T1). Similarly, other
differences were where TGX at T3, T5 T6 and
T7 (Fig. 1) was significantly lower than in the
other two. In TGX, Al may affect the nitrification
and the bacteria involved than in the other
genotypes. On the other hand, the Rhizobia
may have had a high potential to colonize
the roots nodules of GAZZELLE plants.
Therefore, much N fixed in GAZZELLE soy bean
plants. Active uptake of N that probably led to
loss of chlorophyll in TGX may be due to
significant reduction of K uptake and therefore
reduced respiration [30]. In genotypes like
GAZZELLE and NAMSOI, less Al-phosphate
complexes might form due to precipitation of P in
roots leading to limited reduction of P in soy bean
leaves as found by Dogan and Goksel [31] in
roman nettle (U. Pilulifera) plants. Formation of
Complex ligands may have destructed the
uptake of K* and NH** cations, mostly in TGX.
Al affects N synthesis and inter-conversion
within plants. In one case, while studying
sorghum plants, Zhao and Shen [32] found
that Al reduced NO-N but increased amino
acid-N concentrations in xylem sap. Similarly,
in soy bean plants, Al may have initiated
more glutamine synthetase/glutamate synthase
cycle, where glutamine synthetase catalysis
NH-glutamate process when forming glutamine
much less at control. Therefore, NH* may
have been assimilated in large quantities
within GAZZELLE even when control was
inoculated (T1). Similarly, in maize, it was found
that Al stimulates N assimilation in the roots of an

Al-tolerant maize genotype (Mihailovic et al.,
2015).

According to Mmayi et al. [33], when studying
how Al affect soy bean without inoculation, they
suggested that, Al toxicity inhibited NOs uptake
by plant roots by binding to the NO3z transporter
and the deliberately cause NOs efflux. Therefore,
in the current study, these may have also
decreased internal NOs accumulation in Al
treated plants regardless of Rhizobia inoculation.
Plants at control significantly accumulated much
of P in leaves, a similar difference was found for
USDA-inoculated plants when compared to non-
inoculated plants. Al may have mostly affected
H*-ATPase actions as it disrupt H* gradient. H*
gradient is mostly utilized in ion transport
processes as a trans-membrane proton [4]. In
this case, P is very important in ATP-energy
synthesis that is vital for nutrient uptake by active
transport process by plants. Consequently in soy
beans this might have highly altered ionic
homeostasis of root cells of non-inoculated
plants especially when served with Al. Al might
have also reduced potassium utilizing rate [34]
as less P was found to concentrate in leaves of
Al treated plants. Calcium may have been
underutilized in Al treated plants. Therefore,
leading to decreased respiration in Al applied
and non-inoculated plants, which increase in
polysaccharides deposition [34]. The
carbohydrates make conditions even more worse
when they trap Al in the apoplast a phenomenon
that reduce elongation of cells [22] when there
was inoculation at T4 while at T5, T6 and T7
when the genotypes GAZZELLE plants were not
inoculated. According to Dogan and Goksel [31],
Al reduces P and K concentration by blocking
their conducting channel which causes K* influx
into guard cells. These then concomitantly
reduces cell elongation. This decrease in K was
found to be severe in roman nettle applied with
100 AICIs by Dogan and Goksel [31]. GAZZELLE
genotype may have undergone such K* influx
effects considering T5, T6 and T7.

5. CONCLUSION

Inoculation of legume seeds prior to planting is
the best alternative to increase number of leaves
and leaf area. Number of leaves increased by
USDA inoculation that had a boost on nitrogen
uptake. Poor acidic soils with Al affect the
survival of the Rhizobia whose effects are
detected by less days to 50 % flowering,
branching, pod clearance, and days to harvest
maturity. Out of the three genotypes studied
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GAZZELLE showed good performance when
inoculated with USDA and applied to with Al. Al
stress was down scaled on inoculation. Nodule
number, root hair number per unit can be studied
in future to determine their relationship between
N2-fixation capacity and root size and weight. It is
very vital in determining effects of Al under
inoculation since Al affects cell division at root.
Increased Rhizobia population even when Al was
applied led to increased N levels that increased
ability of such plants to absorb phosphorous.
GAZZELLE had high mean for N and P, while
NAMSOI had high mean for K. The two
genotypes also had high yield and therefore
highly recommended for growth in Al prone soils
under inoculation. USDA inoculum is therefore
recommended for use to ameliorate the effects of
Al in soy bean plants. NPK mineral nutrients
were strongly affected due to significant
differences found in genotypes at various
treatments. Genotypes NAMSOI and GAZZELLE
showed higher concentration of NPK. Therefore
the two genotypes are recommended to be
grown in areas with Al prone soils as they
experienced reduced effect of Al stress
under inoculation. Genotypes that are both Al-
tolerant and NHas -preferring should be bred in
near for use in Al prone soils; such genotypes
have increased N-use efficiency and reduce NO3
loss.

ACKNOWLEDGEMENTS

We sincerely acknowledge Daniel Buyela, of
Maseno University for technical support provided
during laboratory work. Mr. Wickliffe Wekesa of
Consortium of International Agricultural Centers
(CGIAR) station at Maseno is sincerely
acknowledged for providing the research team
with viable soy bean seeds.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Ambe MN. Structure, conduct and

performance of soy bean marketing in
embu, tharaka nithi and meru counties,
Kenya. Msc. Thesis, Kenyatta University;
20109.

Viewed 14 December 2020.
Available:https://irlibrary.ku.ac.ke/bitstream
/handle/123456789/20016/Structure%2C%
20Conduct%20and%20performance%200f

10.

11.

407

%20Soybean%20Marketing%20in%20Em
bu....pdf?sequence=1&isAllowed=y
Lamptey S, Ahiabor BDK, Yeboah S,
Asamoah C. Response of Soy bean
(Glycine max) to Rhizobial inoculation and
phosphorus  application.  Journal  of
Experimental Biology and Agricultural
Science. 2014;2:1-6.

Dechassa D, Khairy S, Ernst C. Protein
and polyphenol profile changes in soy
bean roots under aluminum stress.
International Journal of Plant Physiology
and Biochemistry. 2010;2(3):38-45.

Edna AM, David JO, Rose N, Martins O.
Determinants of market participation by

smallholder soy bean farmers in
Kakamega County, Kenya. 6th African
Conference of Agricultural Economists;

September 23 - 26, 2019. Abuja, Nigeria.
Aliyu IA, Yusufu AA, Abaidoo RC.
Response of grain legumes Rhizobial
inoculation in two savanna soil of Nigeria.
African Journal of Removal of Microbiology
Research. 2013;7(15):1332-1342.

Naomi NK. Effects of dual inoculation with
Mycorrhiza and Rhizobium on growth
performance of soy beans in acidic soils in
Gatanga, Kenya. Msc. Thesis, Kenyatta
University; 2009. Viewed 13 January 2021,
Available:https://irlibrary.ku.ac.ke/bitstream
/handle/123456789/1230/Naomi%20Njeri
%20Kamau.pdf?sequence=3&isAllowed=y
Hussain N, Fakhar MM. Tahir GD, Khan
NM, Abdul B. Effectiveness of Rhizobium
under salinity stress. Asian Journal of Plant
Sciences. 2002;1:12-14.

Sanjay KJ, Judith N, Felix DD. Nature and
mechanisms  of aluminium  toxicity,
tolerance and amelioration in symbiotic
legumes and Rhizobia. Biology and
Fertility of Soils. 2018;54(3):309- 318.
Stanislava V, Jifina S, Ondfej D, Vaclav T,
Michal H, Vladimira MPT.  Aluminium
uptake and translocation in al hyper-
accumulator Rumex obtusifolius is affected
by low-molecular-weight organic acids
content and soil pH. PLoS ONE.
2015;10:1-18.

Miguel A, Quinteiro R, Alex-Alan FA,
Marcelo SMF, Abio PG, Marcel VP,
Virupax CB. Aluminum effects on growth,
photosynthesis, and mineral nutrition of
cacao genotypes. Journal of Plant
Nutrition. 2013;36:1161-1179.

Igual JM, Rodriguez-Barmeco C,
Cervantes E. The effects of aluminium on
nodulation and symbiotic nitrogen fixation



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Mmayi et al.; Asian J. Res. Crop Sci., vol. 8, no. 4, pp. 392-409, 2023; Article no.AJRCS.106816

in Casuarina cunninghamiana Miq.’. Plant
and Soil. 1997;190:41-46.

Dias MC, Bruggemann W. Limitations of
photosynthesis in Phaseolus vulgaris
under drought stress: Gas exchange,
chlorophyll fluorescence and Calvin cycle

enzymes. Photosynthetica. 2010;48:96—
102.
Pedrol NB, Pilar RT. ‘Protein content

quantification by Bradford method. Depto
bioloxia vexetale ciencia do Solo.
universidade de vigo, Spain’. 2016;Chapter
19:285-295.

Onyango B, Anyango B, Nyunja R, Koech
PK, Robert AS, Stomeo |. Bambara
groundnut, got nodule bacteria, 16 rRNA
genes, symbiotic efficiency. Journal of

Applied Biology and Biotechnology.
2015;3(1):1-10.
Keino L. Nutrients limiting soy bean

(Glycine max L.) production in acrisols and
ferralsols of Kakamega and Busia
counties. Msc. thesis, University of Eldoret,
Kenya. 2015. Viewed 10 January 2021,
Available:https://n2africa.org/sites/default/fi
les/MSc%20thesis%20Ludy%20Keino.pdf
Kiflu A, Beyene S Jeff S. Characterization
of problem soils in and around the south
central Ethiopian Rift Valley. Journal of
Science and Environmental Management.
2016;7:191-203.

Gicharu GK, Gitonga MM, Boga H,
Cheruyot RC, Maingi GM. Effects of
inoculating selected climbing bean culture
with different Rhizobia strains on Nitrogen

fixations. International Journal of
Microbiology Research. 2013;1(2):25—-
31.

Motsara MR, Roy RN. Guide to laboratory
establishment for plant nutrient analysis.
FAO Fertilizer and Plant Nutrition Bulletin.
2008;19:2259-2495.

Revati PP, Mandar M, Shirolkar Alok JV,
Pravin SM, Atul K. Determination of soil
nutrients (NPK) using optical methods: a
mini review. Journal of Plant Nutrition.
2021;10:1-17.

Steel RGD, Torrie JH, Dickey DA.
Principles and procedures of statistics: a
biometrical approach’, Academic Internet
Publishers, Moorpark; 2006:

Viewed 14 January 2021.
Available:https://www.philadelphia.edu.jo/n
ewlibrary/pdf/file198db705808c443e832fa7
5a6dd7f325.pdf

Trabelsi D, Alessio M, Haroun BA, Ridha
M. Effect of on-field inoculation of

22.

23.

24.

25.

26.

27.

28.

29.

30.

408

Phaseolus vulgaris with rhizobia on soil
bacterial communities. Microbiology and
Ecology. 2011;77:211-222.

Mfilinge A, Mtei K, Ndakidemi P. Effect of
Rhizobium Inoculation and
Supplementation with Phosphorus and
Potassium on Growth and Total Leaf
Chlorophyll (Chl) Content of Bush Bean
(Phaseolus vulgaris, L.). Agricultural
Sciences. 2014;5:1413-1426.

Kumawat N, Rakesh K, Jagdeesh M,
Tomar IS, Meena RS. Integrated nutrition
management in pigeon pea intercropping
systems for enhancing production and
productivity in sustainable manner— A
review. Journal of Applied and Natural
Science. 2017;9(4):2143-215.

Mossi AJ, Pauletti GF, Rota L,
Echeverrigaray S, Barros IBI, Oliveira JV,
Paroul NA, Cansian RL.. Effect of
aluminium concentration on growth and
secondary metabolites production in three
chemotypes of Cunila galioides Benth.
Medicinal plant. Brazilian Journal of
Biology. 2011;71(4):1003-1009.

Mebrahtu G, Teklay T. Effect of P
application rate and rhizobium inoculation
on nodulation, growth, and Vyield
performance of Chickpea (Cicer arietinum
L.). International Journal of Agronomy.
2021:4:1-14.

Ntambo MS, Isaac SC, Aid TS, Toheed A,
Rahat S, Consolatha C, Larry K. The effect
of Rhizobium inoculation with nitrogen
fertilizer on growth and vyield of soy
beans (Glycine max L.). International
Journal of Biosciences. 2017;10(3):163—
172.

Ulzen J, Rober, CA, Nana EM, Cargele M,
Abdel AHA. Bradyrhizobium inoculants
enhance grain yields of soy bean and cow
pea in Northern Ghana. Frontiers in plant
science. 2016;7:1-9.

Adekanmbi VT, Olalekan AU, Sebhat E,
Justin BE, Meera NH, Michael OH.
Epidemiology of prediabetes and diabetes
in Namibia, Africa: A multilevel analysis.
Journal of Diabetes. 2019;11:161-17.
Jonas CN, Vanlauwe B, Mahasi JM,
Katungi E, Akech C, Mairura FS, Chianu
JN, Sanginga N. Soy bean situation and
outlook analysis report: the case of Kenya.
2008;41.

Shi Y, Tianyi D, Zhihao Y, Ruonan L,
Baocheng W, Zhiyi, W. Ultrathin
Stretchable All-Fiber Electronic Skin for
Highly Sensitive Self-Powered Human



31.

32.

Mmayi et al.; Asian J. Res. Crop Sci., vol. 8, no. 4, pp. 392-409, 2023; Article no.AJRCS.106816

Motion Monitoring. Nanoenergy Advances.
2011;2:52-63.

Dogan |, Goksel D. Influence of aluminium
on mineral nutrient uptake and
accumulation in Urtica pilulifera L. Journal
of Plant Nutrition. 2014;37:469-481.

Zhao XQ, Shen RF. Aluminum-Nitrogen
Interactions in the Soil-Plant System.
Nodulation, Growth, and Yield
Performance of Chickpea (Cicer arietinum
L.). International Journal of Agronomy.
2018;2021:1-14.

33.

34.

Mmayi MP, Musyimi DM, Netondo GW,
Sikuku PA. Chlorophyll fluorescence
parameters and photosynthetic pigments
of four Glycine max varieties under
Aluminium  chloride  stress.  Scientia
Agriculturae. 2015;10(2):84-94.
Mendoza-Sota AB, Loreto N, Alfonso L,
Georgina H. Response of symbiotic
nitrogen-fixing common bean to aluminium
toxicity and delineation of nodule response
microRNAS. Frontiers in Plant Science.
2015;6(587):1-15.

© 2023 Mmayi et al.; 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://www.sdiarticle5.com/review-history/106816

409


http://creativecommons.org/licenses/by/4.0

