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Introduction: Soybean is an important legume whose nitrogen-fixing ability
may be exploited to improve the fertility status of soils. In Ghana, where most of
the soils are poor in fertility, cultivation of soybean presents an inexpensive way
for resource-poor farmers to earn appreciable income and improve the fertility
of arable land at the same time. However, the yield and N-fixing response
of soybean to inoculation in most soils with poor fertility in Ghana are not
well-researched.

Method: A screen house study on the efficacy of Histick Soy (an inoculum
manufactured by a German chemical company) on improving the nodulation
of soybean in P-deficient soils comprising two Plinthustalfs, Ny1 and Ny2, with
a history and no history, respectively, of soybean cultivation and a Kandiustalf
with no history of soybean cultivation was evaluated in Ghana. Sterile riverbed
sand was included as a check. Soybean seeds were inoculated with Histick
Soy at three different rates, namely, zero, half, and recommended rate, and
grown in a screen house to ascertain the efficacy of the inoculant in nodulating
soybean. Nitrogen was applied at 0 and 10 kg/ha, K was applied at 60 kg/ha,
and P was applied at 0, 30, and 60 kg/ha. These treatments were completely
randomized with four replicates at a moisture content equivalent to 80% field
capacity and grown till flowering. At flowering, the number of nodules per plant
was counted. A parallel experiment was carried out to physiological maturity
where 100-seed weight per pot was determined.

Results and discussion: Results obtained revealed that plants from the
uninoculated seeds in the riverbed sand and the Kandiustalf did not nodulate.
In the case of Ny2, the number of nodules at harvesting was statistically
similar for half and full recommended application rate of the inoculant. The
uninoculated Ny2 with 4.4 average nodules per pot did not increase at half
recommended application rate. At the recommended rate, nodule numbers
increased 2.3-fold to 10.3. The Nyl showed no response to inoculation.
Treatments, which received the application of 60 and 30 kg P,Os/ha triggered
higher responses to inoculation in low and high Bradyrhizobia populations,
respectively, in the Plinthustalfs.
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Introduction

Soybean [Glycine max (L.) Merr.] is one of the most valuable
foods and feed crops, with high levels of protein and oil (Tikde
et al., 2015; Vollmann, 2016; Sandhu et al., 2018). It is an
important agronomic crop for smallholder farmers in Ghana, as
they take advantage of the nitrogen-fixing potential of the crop
to improve soil quality while addressing the protein deficiency
of their diets. In some parts of Ghana, soybean is gradually
assuming the status of a cash crop for small-scale resource-
poor farmers. The high cost of chemical fertilizer and the need
to reduce nitrogen losses to minimize eutrophication of water
bodies during crop production serve as an added incentive to
resource-poor farmers to grow soybean. Cultivation of legumes
to exploit the beneficial effects of “Biological Nitrogen Fixation”
(BNF) is viewed as an environmentally friendly approach to
increase crop yields and maintain or improve soil health at the
same time (Vollmann, 2016). The cultivation of soybean also has
the advantage of controlling the spread of Striga hemonthica, a
parasitic weed in northern Ghana that has the potential to cause
yield losses in crop production. The plant exudes chemicals that
stimulate the germination of Striga seeds, which subsequently
die off, as their roots are not able to attach to the host (soybean)
for nutrient absorption (MoFA and CSIR, 2005; IITA, 2009).

Most Ghanaian soils are poor and have low levels of nitrogen
(Awuni et al., 2020). As part of measures to improve the fertility
status of soils in Ghana, most resource-poor farmers include
legumes in cropping systems to take advantage of the fixation of
N. Under optimum conditions, including adequate P availability
and optimum pH levels, soybean fixes atmospheric nitrogen
in the soil through a symbiotic relationship (lannetta et al,
2016; Thilakarathna and Raizada, 2017), thereby decreasing
the quantity of inorganic N application on arable land and
increasing crop productivity in an environmentally sustainable
production system (Zander et al, 2016). The symbiotic
relationship between rhizobia and host legumes leads to the
formation of nodules on the roots of the host plant where the
microbes inhabit and proliferate by extracting nutrients from the
host plant. In return, the rhizobia convert atmospheric nitrogen
into plant-usable forms and make it available for utilization
by the host plant (Beyan et al., 2018). This beneficial process
accounts for about 60% of the total biological nitrogen fixation
(Beyan et al., 2018). In soils that are not inhabited by the right
rhizobia strains, nodulation of soybean is limited and this results
in poor yields. Nodule formation on the roots of soybean and
its habitation with efficient rhizobia strain is therefore known
to improve nodulation and increase the yield of the legume
crop while maintaining soil health. The main challenge besetting
atmospheric N-fixation in the soil during soybean production is
that the crop is not a promiscuous legume (Beyan et al., 2018),
and thus does not nodulate freely, especially in Ghanaian soils.
Most of the native rhizobia strains that nodulate legumes in
Ghanaian soils are ineffective (Fening and Danso, 2002; Ulzen
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et al,, 2016). Therefore, soybean nodulation, and subsequent N
fixation thereof, has been a major problem associated with the
production of the crop in most Ghanaian soils.

To improve the nodulation of soybean and increase its
yield, there have been conscious efforts to introduce the right
strain of rhizobia that ensures proficient symbiotic interactions
from external sources (Ulzen et al, 2016). Presently, only
a few Ghanaian soils with a history of soybean cultivation
are inhabited with the strain of bacteria that can promote
nodulation of the legume (Boakye et al, 2016; Ulzen et al,
2016). Inoculation of seeds with Bradyrhizobium japonicum
is consequently an important practice in soybean cultivation
(Martyniuk et al., 2013; Jarecki et al, 2016). To optimize
legume-rhizobium interactions for the effective production
of soybean, especially in soils with no history of the crop’s
cultivation, inoculation of soybean presents a promising option
for increasing the efficiency of the N symbiotic relationship for
enhanced crop productivity (Tewari et al., 2003).

Most soils, particularly those in the northern parts of Ghana
where large tracts of land are cultivated to soybean are deficient
in P due to a myriad of reasons, chief of which are their high
concretionary nature, acidic pH, and kaolinitic nature (Nartey
etal., 1997). Ironically, P is a very important nutritional element
in the effective nodulation of soybean and affects its growth and
N fixation (Miguez-Montero et al., 2020). Some studies have
suggested that even low levels of P stress resulting from the
deficiency of the element in soils can inhibit nitrogen-fixing
enzyme activity in legume nodules due to reduced nodule ATP
energy (Ulzen et al, 2016). Thus, the application of effective
rhizobia strains in the presence of optimum levels of P in the
soil can stimulate root nodule growth and nitrogenase activity
(Fening and Danso, 2002; Ulzen et al., 2016). Additionally, the
availability of adequate amounts of P can enhance the N-fixing
capacity of root nodules nitrogen to improve N fixation (Ulzen
et al., 2016). The use of inoculants has therefore proved to
be effective in improving biological nitrogen fixation in soils
(Calvo et al,, 2014; Ronner et al., 2016). In most developed
countries where the use of inoculants in legume production
has advanced, some of these inoculants have been described
to improve nodulation and yield even under some conditions
of environmental stress (Calvo et al., 2014; Ronner et al,
2016). In Ghana, however, the use of rhizobia inoculants in
soybean production is not well-advanced due to considerable
technological challenges in effective strain selection and the
lack of appropriate inoculants for use by resource-poor farmers
(Boakye et al., 2016).

There is, however, some evidence to suggest that introduced
inoculants could be subjected to environmental stress conditions
that may not favor the activities of these rhizobia relative to
indigenous strains (Cernay et al., 2015; Goyal et al, 2021).
This may have implications on nodulation, and subsequently
crop yield, and can serve as one of the major drivers of yield
variability in soybean production (Ronner et al., 2016; Gunnabo
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et al,, 2019). It is therefore important to assess the efficacy of
introduced inoculants to determine their suitability under the
unpredictable environmental conditions that most Ghanaian
farmers operate.

Histick Soy is a commercial inoculant of Bradyrhizobium
japonicum of 4 x 10° viable cells/g produced by BASF of
Germany. It has been introduced into Ghana with a view of
improving the productivity of soybean cultivation. There is,
however, very little information on the efficacy of the inoculant
in low-fertility soils, especially under P-deficient soil conditions.
Since a lot of local farmers grow legumes, especially soybean in
soils with poor fertility that are mostly deficient in P, they may do
so with the expectation that the application of an inoculant will
lead to an improvement in nodulation of the crop irrespective
of the P status of the soil. It has therefore become necessary to
ascertain the soil P conditions under which the effectiveness of
this inoculant will be optimum. It is in light of this that a screen
house pot experiment was conducted using three soils from the
Savannah zone of Ghana and sterile riverbed sand to ascertain
the efficacy of Histick Soy on soybean nodulation. The objectives
of the study were, therefore, as follows:

I. Ascertain the effectiveness of Histick Soy in nodulating
soybean plants in some P-deficient Ghanaian soils.

I1. Compare the effectiveness of Histick Soy on nodulation
of soybean in soils with indigenous Rhizobium.

II. Determine the effect of varying P rates on the
effectiveness of Histick Soy on soybean nodulation.

Materials and methods

Three soils, two of which were sampled from the interior
Savannah zone of Ghana and the third was sampled from
the Coastal Savannah zone, were used for the study. The
soils from the interior Savanna zone, which were both
Nyankpala series (Plinthustalfs), had one with a history of
soybean production (Nyankpala 1) and the other with no
history of soybean production (Nyankpala 2). The choice of
Nyankpala 1 was to see how the Bradyrhizobium japonicum
of the Histick Soy would perform in the presence of the
indigenous rhizobia. The soil, which was sampled from the
Coastal Savannah, is a Toje series (Rhodic Kandiustalf)
with no history of soybean production. Sterile riverbed sand
collected from the Volta Lake at Asutsuare in the Eastern
Region of Ghana, to ascertain the effect of Histick Soy on
soybean nodulation, was included. The bulk density of the
riverbed sand was determined after which sampling was done.
The sand was first washed with 6 M HCI to disinfect and
sterilize it, and thereafter, washed several times with sterile
distilled water amidst testing with silver nitrate to get rid of
the HCL

The bulk densities of the undisturbed Savannah soils were
taken after which the plow layer (0-20 cm) was sampled and
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processed for characterization of physicochemical properties.
Concretions, which were present in the Nyankpala soils
(Plinthustalfs), were determined by hand-picking and wet-
sieving and washed thoroughly with water to remove soil
materials adhering to the surfaces (Mitsuchi, 2012). The
particle size distribution of the fine earth fraction was
determined using the Bouyoucos hydrometer method (Day,
1965). Subsequently, the texture of the soil samples was
determined, according to the USDA system of classification.
The bulk density of the samples was determined using the
core method (Blake and Hartge, 1986). The moisture content
of the soil at maximum water holding capacity (WHC) was
determined by covering the water-saturated sample of the
undisturbed soils with polythene sheets and determining the
moisture content after allowing gravitational water to drain for
48 h.

The pH of the fine earth was determined electrometrically
in water using a 1:1 soil-water ratio (w/v) on an Oakton
PC 2,700 pH meter. The organic carbon content of the fine
earth was determined by a Leco TruMac CNS analyzer after
the destruction of carbonates in the soil samples with 6 M
HCL. The total N in the fine earth fraction was analyzed
using the Leco TruMac CNS analyzer. Available P in the
fine earth fraction was extracted according to the method
of Bray and Kurtz (1945), and the P concentration in the
extracts was determined by a UV spectrophotometer after color
development by the method of Murphy and Riley (1962).
The CEC of the soil was determined by the ammonium
acetate method.

The populations of indigenous Bradyrhizobium in each of
the soils capable of nodulating the test legume were estimated
by the most probable number (MPN) plant infection assay
(Vincent, 1970) using growth pouches. The growth pouches
were half-filled with N-free nutrient solution (Somasegaran and
Hoben, 1994) and autoclaved. The soybean seeds were surface
sterilized with 70% ethanol for 3min and rinsed thoroughly
in several changes of sterile distilled water (Somasegaran and
Hoben, 1994). The seeds were further sterilized with mercuric
chloride (HgCly) and pre-germinated on moist filter paper in
Petri dishes until the radicles were about 2 cm long. A pair of
sterilized forceps was used to pick the sterilized seeds, which
were planted at two seedlings per growth pouch, with the
radicle facing downwards. The pouches were randomly arranged
on a rack in the screen house. Ten-fold serial dilutions up
to level 6 (1071, 1072, 1073, 1074, 107, and 1076) were
prepared for each of the soils using sterilized distilled water
as a diluent, which was then used as inoculum. One milliliter
(I mL) of the inoculum was used to inoculate the seedlings for
every dilution level. The plants were assessed for the presence
of nodules 6 weeks after planting by scoring plus (4) for
the presence of nodules and minus (-) for the absence of
nodules. The most probable number of rhizobia cells per gram
of soil was calculated (Vincent, 1970) using the formula in
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equation 1,
MPN = (mxd)/(v) (1)

where m is the most likely number from the MPN table (Beck
et al, 1993), d is the lowest dilution in the series, and v is
the aliquot used for inoculation (Somasegaran and Hoben,
1994).

The bulk soils of the plow layer of the two Nyankpala soils
and Toje series as well as the sterile riverbed sand were packed in
plastic bags to attain their respective field bulk densities. Soybean
seeds with about 90-100% germination capacity were inoculated
with the Histick Soy at rates of zero (no inoculant), half the
manufacturer’s application rate (0.5) (2 g Histick Soy/kg seed),
and the full recommended application rate (1) (4kg Histick
Soy/kg seed). These seeds were sown at four seeds per pot
and later thinned to two. Nitrogen from ammonium sulfate
was applied at two rates of 0 and 10 kg/ha to the treatments.
The 10 kg N/ha application rate was to evaluate the effect of a
low dose of N on the inoculant’s ability to nodulate soybean.
Potassium oxide (K;O) was applied at 60 kg/ha to all the
treatments. Phosphorus pentoxide (P,0O5), which is essential
for nodulation was applied at three different rates, namely, 0,
30, and 60kg P,Os5 /ha. All the treatments were kept at 80%
field capacity to avoid leaching. The treatments were replicated
four times and completely randomized in a screen house. Thus,
with four soil types, three inoculum treatments, three P fertilizer
rates, and four replications in a completely randomized design,
the total treatments were 144.

Six weeks after planting (which coincided with flowering),
the experiment was terminated. The soils were saturated for
easy removal of the whole plant, washed off, and the number
of nodules per plant was determined. The nodules removed
were incised and the presence of leghemoglobin was confirmed
or otherwise by visual appraisal. A second experiment, which
run parallel to the first one with the same treatments, was also
carried out but the crops were grown to physiological maturity.

10.3389/fsufs.2022.1004090

treatment effects at p <0.05. Mean separations were done using
Tukey’s Lsd 0.05.

Results

Soil characterization

Some of the physical and chemical properties of the two
Nyankpala soils (Plinthustalfs) and the Toje series (Kandiustalf)
used for the study are presented in Table 1. It is evident from
Table 1 that all three agricultural soils have high sand contents
between 70.1 and 74.4%. With a clay content of 21.9% and silt
content of 8.0%, 70.1% sand content gave Ny2 a sandy clay loam
texture. Although Nyl has a clay content of 19.1%, its sand
content is 72.8%, which was not very different from the 74.4%
sand content ascribed to the Toje series with 6.2% clay content
that gave the two soils a sandy loam texture, according to the
USDA system of classification.

The pH in the water of the three agricultural soils is 5.7,
which makes them slightly acidic. The soils have a low organic
carbon content of <10 g/kg. Consequently, the total N, available
P, an CEC of the soils are very low as presented in Table 1.

The population of indigenous rhizobia in the soils capable
of nodulating soybean is presented in Table 2. As evidenced
from the table, the Nyankpala 1 soil with a history of soybean
cultivation had the highest population of 150,000 bacteria
cells/g soil. The Nyankpala 2 and Toje soils with no history of
soybean cultivation had marginal values of 5 and 2 cells/g soil,
respectively. The riverbed sand, as expected, did not have any
bacterial cells, as it had been disinfected with HCI.

TABLE 2 Population of indigenous rhizobium in the soils.

Soil Rhizobia population (cells/g soil)

At maturity, the seeds per pot were extracted and 100 seed Nyankpala 1 15 x 10

weight per treatment was determined. All measured agronomic Nyankpala 2 0.5 % 10

parameters for the experiments terminated at 6 weeks and Toje 0.2 % 10

physiological maturity was subjected to analysis of variance River bed sand 0

using GenStat (2009) to establish if there were any significant

TABLE 1 Some physicochemical properties of the soils".

Soil series Sand Silt Clay Cn BD pH oC TN Av.P CEC
% Mg/m3 (H,0) CEC (mg/kg) (cmol/kg)

Toje 744 19.4 62 0.0 13 5.7 6.0 0.7 5.96 5.62

Nyankpala 1 72.8 8.1 19.1 11.0 1.68 5.8 36 0.8 42 3.71

Nyankpala 2 70.1 8.0 219 10.8 1.65 5.7 2.6 0.5 2.6 3.7

“Cn, Concretions; BD, bulk density; OC, organic carbon; TN, total nitrogen; Av.P, available phosphorus; CEC, cation exchange capacity.
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TABLE 3 Effect of varying rates of Histick Soy and P on nodule
numbers”.

Treatment Soil type

Nyl Ny2 RS Toje

Mean nodule numbers

Inoculum rate
0.0 17.1 4.4 0.0 0.0
0.5 10.8 4.9 7.2 1.6
1.0 11.1 10.3 7.5 1.6
Lsd (5%) 7.5 37 17 0.6
Phosphorus rate (kg/ha)
0.0 33 35 4.0 0.3
30.0 15.8 6.1 45 1.0
60.0 19.8 9.9 5.8 1.9
Lsd (5%) 7.5 37 1.7 0.6
In x P rates
0.00 x 0.0 1.5 0.8 0.0 0.0
0.5 x 0.0 4.6 2.5 6.1 0.4
1.0 X 0.0 3.9 7.4 6.0 0.4
0.0 x 30.0 17.5 2.0 0.0 0.0
0.5 x 30.0 13.7 6.4 7.0 1.1
1.0 x 30.0 16.1 9.9 7.6 1.9
0.0 x 60.0 32.2 10.4 0.0 0.0
0.5 x 60.0 13.9 5.8 8.5 33
1.0 x 60 13.2 13.5 9.0 2.5
Lsd (5%) 12.9 6.4 2.9 0.99

“Nyl, Nyankpala 1; Ny2, Nyakpala 2; RS, River bed sand; In x P rates = Inoculum,
Inoculum x Phosphorus rates; Inoculum rates, 0.5 = 2 g Histick Soy/kg soybean seed;
1.0 = 4 g Histick Soy/kg soybean seed.

Effect of Histick Soy on mean nodule
numbers

Effects of varying rates of Histick Soy on nodulation of
soybean grown in the four soil types are presented in Table 3.
The nodule numbers at the two Histick Soy rates in the
Nyankpala soil, with a history of soybean production (Nyl),
were not significantly different. The mean number of nodules
counted on plants that were grown on the uninoculated Nyl was
17.1. On inoculating at half the recommended rate of Histick
Soy, nodulation decreased, although insignificantly at a 5%
probability level, to 10.8. At the full recommended rates of the
Histick Soy inoculant, the number of nodules, which was 11.1,
was not significantly different from that found on plants grown
in the uninoculated Nyl.

Inoculating the Nyankpala series with no history of soybean
production (Ny2), the Toje series and the sterilized riverbed
sand with Histick Soy had a positive effect on the nodulation
of soybean. The uninoculated Nyankpala series (Ny2), which
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had five indigenous rhizobia cells/g soil had a mean number of
nodules per plant being 4.4. This increased insignificantly to 4.9
when the soil was inoculated with half the recommended rate of
Histick Soy. On application of Histick Soy at the manufacturer’s
recommended rate, however, there was a significant (p < 0.05)
2.3-fold increase in the number of nodules to 10.3 from the
uninoculated. The uninoculated riverbed sand, as expected, had
no nodules.

When the inoculant was applied at half the recommended
rate of Histick Soy, the number of nodules was 7.5, which was
not significantly different from the numbers obtained when the
same medium was inoculated at the recommended rate.

There were only two indigenous rhizobia cells/g in the
uninoculated Toje series. Consequently, nodulation was zero
on soybean grown in the uninoculated soil. On inoculation,
however, the mean number of nodules increased significantly to
1.6 per plant at the two rates of inoculation.

Effect of phosphorus on mean nodule
numbers

Roots of soybean plants with nodules upon incision were
pink in color implying the presence of leghemoglobin and
connoting effectiveness. Increasing the P rate from 0 to 30 kg/ha
in Nyl led to 4.8-fold increase (p < 0.05) in nodule numbers
from 3.3 to 15.8 (Table 3). However, a further increase in P rate
to 60 kg/ha did not show any significant increase in nodule
numbers from that at 30 kg P,Os/ha.

When the P rate was increased from 0 to 30 kg/ha in
Ny2, an insignificant increase in nodule numbers on soybean
was observed. An additional 30 kg/ha P increase to 60 kg/ha,
however, gave a significant increase (p < 0.05) in nodule
numbers from 3.5 at no amendment to 9.9. Thus, it appears
that the response of soils with relatively low indigenous
Bradyrhizobia populations such as in Ny2 to added P, when
inoculated with Histick Soy, is high at 60 kg P,Os/ha, while for
the same soil with high populations of indigenous rhizobia, the
response to nodulation is rather high at 30 kg P,Os/ha when
inoculated with the product. This assertion is corroborated by
the highest nodule numbers observed in Nyl (16.1) at 1.0 x 30
and in Ny2 (13.5) at 1.0 x 60 interactive rates of inoculum and
P (Table 3).

The pattern of P response to nodulation in the riverbed
sand media was similar to that of Ny2 as significant increases
(p < 0.05) in nodule numbers on P application manifested only
at the highest P rate of 60 kg/ha. There were no indigenous
rhizobia in the riverbed sand and, with no other nutrients
apart from what was supplied from an external source, it
was a matter of consequence that the highest response to
nodulation upon inoculation with Histick Soy was at the highest
P rate.
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With the rhizobia in an entirely new environment, it stands
to reason that they will need a high dose of P to nodulate.

The Toje series had a similar very low indigenous rhizobia
population (Table 2) and inherent chemical properties as the
Ny2 (Table 1). However, this soil had a different pattern of
response to P fertilization on inoculation, as it had significant
increase in nodule numbers with an increasing P rate from 0
through 30-60 kg/ha.

Effect of soil type on nodulation

To ascertain the effect of soil type on nodulation, the data
were pooled for statistical analysis and are presented in Table 4.
There appears to be a significant soil-type effect on nodulation.
From the table, it is clear that effectiveness in nodulation is
in the order of Nyl > Ny2 = RS > Toje. The Nyl had the
highest indigenous Bradyrhizobium population of 15 x 104
cells/g soil. It is, therefore, not surprising that it is the most
effective among the four growing media used in nodulating
soybean. The riverbed sand had no indigenous Rhizobium while
the Ny2 and Toje series had, albeit very low numbers. The
riverbed sand is, however, not significantly different from Ny2
in terms of nodulating soybean but significantly superior to the
Toje series in nodulating the crop.

Effect of N rates on nodule numbers

Apart from Nyl, which did not show any significant
difference in nodule numbers on plants fertilized at the two rates
of N, namely, 0 and 10 kg/ha, all the other treatments had higher
nodule numbers in plants that were unfertilized than those
which were fertilized at 10 kg N/ha (Table 5). The higher nodule
numbers in soybean grown in the Ny2, RS, and Toje series at 0 N
rate show the inhibition effect of applied N to nodulation.

Yield (100-seed weight)

The effect of Histick Soy and P rates on 100-seed weight
of the crop at maturity is presented in Table 6. It is clear from
the table that inoculating the two Nyankpala soils with Histick

10.3389/fsufs.2022.1004090

Soy at no P application had no effect on seed weight as all the
inoculum rates had statistically similar seed weights at harvest.
The increasing rate of inoculation of Histick Soy on the Toje
series increased seed weight significantly. In the uninoculated
Toje series, seed weight was 4.57 g, which increased significantly
to 5.0 g and then to 5.6 g at the half and full rates of Histick Soy
applications, respectively. There were no seeds obtained in the
RS as most of the plants could not survive to maturity.

Increasing P rates in the two Nyankpala soils increased
seed weights significantly (Table 6). At no P amendment, Nyl
produced 100 seeds that weighed 5.3 g. This increased (p <
0.05) to 6.2 at 30 kg/ha and further increased significantly to
6.9 at 60 kg/ha. The uninoculated Ny2 had 100 seeds weighing
4.7 g, which increased (p < 0.05) to 5.3 and 6.7, at 30 and 60 kg
P,Os/ha, respectively. From Table 6, it is evident that combining
inoculation of Histick Soy on soybean seeds and P fertilization
gave higher seed weights in all the agricultural soils used than
sole inoculation with Histick Soy.

Table 7 shows the effect of N on 100 seed weights. In
general, seed weight increased significantly when N was applied
to the three agricultural soils, such as. Nyl, Ny2, and Toje
series at 10 kg/ha from that of the unamended soil. The
Ny2 soil had the lowest total N content of 0.5 g/kg. It,
therefore, stands to reason that it had the highest response to
N application as it increased (p < 0.05) in seed weight 1.93
times from the 3.79g at no N application to 7.31g at 10kg
N/ha.

TABLE 5 Effect of varying rates of N on nodule numbers on soils".

Treatment Soil type
Nyl Ny2 RS Toje
Nodule numbers
N rate (kg/ha)
0.0 11.3 8.4 5.6 1.4
10.0 14.6 4.6 42 0.7
Lsd (5%) 6.1 3.0 13 0.2

“Nyl, Nyankpala 1; Ny2, Nyankpala 2; RS, River bed sand.

TABLE 4 Effect of Histick Soy, soil type, and phosphorus on nodule numbers”.

Histick Soy rate Soil type
0 05 1.0 1ISD(5%) Toje Nyl
Mean nodule numbers

5.5 6.1 7.61 2.7 1.3 129

“Nyl, Nyankpala 1; Ny2, Nyankpala 2; RS, River bed sand; LSD, least significant difference.
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Phosphorus (kg P,O5/ha)

Ny2 RS ISD(5%) 0 30 60  LSD (5%)

6.5 49 2.9 2.9 6.9 9.4 2.6
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TABLE 6 Effect of rates of Histick Soy and P on seed weight”.

Treatment Soil type
Nyl Ny2 RS Toje

Mean 100 seed weight (g)
Inoculum rate
0.0 6.23 5.65 NS 4.57
0.5 6.06 5.52 NS 5.03
1.0 6.10 5.47 NS 5.64
Lsd (5%) 0.281 0.435 NS 0.421
Phosphorus rate
0.0 5.30 4.67 NS 4.19
30.0 6.20 531 NS 4.95
60.0 6.90 6.67 NS 6.10
Lsd (5%) 0.281 0.435 NS 0.421
In x P rates
0.0 x 0.0 5.35 4.65 NS 3.53
0.5x 0.0 5.29 4.63 NS 4.31
1.0 x 0.0 5.25 4.735 NS 4.74
0.0 x 30.0 6.26 5.38 NS 4.44
0.5 x 30.0 6.11 5.23 NS 4.74
1.0 x 30.0 6.21 5.33 NS 5.66
0.0 x 60.0 7.08 6.94 NS 5.74
0.5 x 60.0 6.79 6.70 NS 6.05
1.0 x 60.0 6.84 6.36 NS 6.535
Lsd (5%) 0.488 0.754 NS 0.729
'Nyl, Nyankpala 1; Ny2, Nyankpala 2; RS, River bed sand; NS, no seeds.
TABLE 7 Effect of varying rates of N on seed weight".
Treatment Soil type

Nyl Ny2 RS Toje

100 seed weight (g)

Nitrogen rate (kg/ha)
0.0 4.49 3.79 NS 4.18
10.0 7.77 7.31 NS 5.99
Lsd (5%) 0.23 0.36 0.34

“Nyl, Nyankpala 1; Ny2, Nyankpala 2; RS, River bed sand; NS, no seeds.

Discussion

Soil characteristics

The almost 11% concretions of the Plinthustalfs (Nyankpala
series) would decrease the effective soil volume for root growth
and also limit P availability to the crop. The lower soil volume
in the Nyankpala soils would culminate in a higher bulk density
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as reflected in Table 1. The high sand content of 74.4% coupled
with the low clay content of the Kandiustalf (Toje series) would
make the soils prone to leaching should water above field
capacity be applied. The clay content of the three soils, mostly
dominated by the low activity clays such as kaolinite (Eze, 2008;
Ziblim et al., 2012) may account for the low CEC of the soils.
Additionally, the low organic carbon and total N content of the
soils give the indication that the soils are low in fertility and with
their available P levels particularly very low (<6 mg/kg) response
to P fertilization, and hence, nodulation should be high, thus,
justifying their choice as soil media for the study.

The Nyankpala 1 has a history of soybean cultivation. It is,
therefore, not surprising that the soil has higher TN than its
Nyankpala 2 counterpart, as the crop may have fixed N into
the soil. Additionally, the crop residue left on the Nyankpala
1 soil after harvests could have contributed to the higher
organic carbon content with a concomitant higher TN and
available P. The slightly higher available P in the Nyankpala 1
soil (4.2 mg/kg) compared with the Nyankpala 2 (2.6 mg/kg)
could also be due to the residual P from P fertilizer that
may have been applied during the cultivation of soybean.
The relatively high population of indigenous rhizobia in the
Nyankpala 1 soils underscores its inclusion in the study to
evaluate the effectiveness of Histick Soy in Ghanaian soils.
The two Nyankpala soils offer the platform to compare the
effectiveness of the introduced Bradyrhizobium species against
the indigenous ones.

Effect of inoculant on nodulation

As indicated in Table 2, the Nyl had the highest number
of indigenous Bradyrhizobia of 15 x 10% cells/g soil, but
inoculation with the Histick Soy did not have any significant
effect on nodule numbers relative to that of the uninoculated
Nyl. The presence of indigenous rhizobia in the soil can mask or
suppress the effect of the introduced rhizobia from the inoculant
(Van Kessel and Hartley, 2000). The indigenous rhizobia had
adapted to the soil’s environment and may have out-competed
the introduced rhizobia from the inoculant, resulting in lower
nodule occupancy by the latter (Sanz-Saez et al., 2015) at both
half and recommended manufacturer’s rate, thus, accounting for
the apparent non-significant effect of Histick Soy in nodulating
soybean in Nyl. With time and continuous application of the
inoculant, the introduced rhizobia would get adapted to the Nyl
soil conditions, which may culminate in a significant increase in
nodulation of soybean (Yang et al., 2018).

Response to rhizobia inoculation was more pronounced in
the Nyankpala series with no history of soybean production
(Ny2), the Toje series, and the sterilized riverbed sand. Studies
have demonstrated that the response of legumes to inoculation is
generally affected by the nature of the existing soil population of
rhizobia (Yang et al., 2018; Mathenge et al., 2019). The respective
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2.3- and 1.6-fold significant increases in nodule numbers in the
Ny2 and Toje soils following inoculation at the recommended
manufacturer’s rate relative to their uninoculated counterparts
give credence to the fact that the Bradyrhizobia from the
inoculant did not have to compete with any indigenous strains
for nodulation. The fact that nodulation occurred on soybean
plants grown in both Ny2 and Toje series, which had a very
low population of indigenous rhizobia, and especially the sterile
riverbed sand also proves the efficacy of Histick Soy as an
effective inoculant for soybean production.

Effect of phosphorus on nodulation

Phosphorus is the most essential element in ATP formation,
which in turn is involved in energy transport, a key factor
in nodulation. Additionally, P enhances root development and
proliferation, thereby increasing the sites for rhizobia infection
and initiation of nodule formation (Dabesa and Tana, 2021).
With the relatively high population of indigenous rhizobia
in the Nyl coupled with its low inherent P concentration,
a sharp response to any added P is not unexpected. It is,
therefore, not surprising that the 30kg P,Os/ha application
manifested in a significant increase in nodule numbers as
reported in similar studies by Ao et al. (2014) and Adjei-
Nsiah et al. (2022). With subsequent increases in P rates, the
increase in nodule numbers would be at a decreasing rate as
evident in the insignificant increases in P application between
the 30 and the 60 kg/ha. In the Ny2 and the riverbed sand
media, however, a slightly different trend was observed with
significantly higher nodule numbers at the P application rate of
60 kg/ha.

Although the Toje series had a very low indigenous rhizobia
population and inherent chemical properties similar to the Ny2,
there was a marked increase in nodule numbers with an increase
in P application rates. The fact that the pattern of response
to P fertilization in the Toje series was different from that of
Ny2 is an indication that the inherent physical properties of
the soils may have influenced their respective responses to P
fertilization when inoculated with Histick Soy. The Toje series, a
Kandiustalf, is not plinthic, and thus, has no concretions, while
the Plinthustalf has about 10.8% concretion content (Table 1).
Furthermore, the Plinthustalf has a higher clay content. Clay and
concretion contents have been found to control P availability in
soils in northern Ghana (Nartey et al., 1997). These differences in
clay and concretion contents may, in part, be responsible for the
different patterns of responses to P fertilization. The P contents
in all the soils were very low (<6 mg/kg). Consequently, any
small increase in P fertilization in the soils should lead to a sharp
response. It is, therefore, not surprising that when the data were
pooled (Table 4), there was a significant increase in nodulation
with an increase in P fertilization at 30 kg/ha while any increase
in P rate thereafter was not significant. This gives credence to the
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fact that the highest response of nodulation to P amendment in
this study was at 30 kg/ha.

Effect of soil type on nodulation and
100-seed weight of soybean

The fact that the sterilized or disinfected riverbed sand with
no indigenous Bradyrhizobia is at par with Ny2 and better
than the Toje series in nodulation suggests that the indigenous
rhizobia in the uninoculated Nyankpala and the Toje series were
either not effective or did not have the optimum number of
bacterial cells to nodulate soybean. This may, in part, explain
the response of the Ny2 and Toje series to the application
of Histick Soy. Just as was observed in the nodule numbers,
increasing P rates increased seed weight in the Toje series. The
response of all the soils to increased P fertilization underscores
the importance of nutrients in soybean production in Ghana.
It is, therefore, important to determine the P application
rate that would provide the optimum seed production in
different soils.

Conclusion

The use of inoculants in cropping systems presents an
eco-friendly means of improving food production by most
resource-poor farmers in developing countries. Application
of the right rhizobia strain to improve nodulation in
legumes and enhance biological nitrogen fixation in low-
fertility soils is an environmentally friendly option for
improving soil fertility and increasing crop yields at the
The results obtained
demonstrated that Histick Soy is effective in nodulating

same time. in this research have
soybean if applied at the manufacturer’s recommended rate
of 4 g/kg seeds. Additionally, this research has shown that
although the application of P at 30kg P,Os/ha is appropriate
for enhancing nodulation, 60kg P,Os/ha would enhance
both nodulation and seed production in soils with low
indigenous rhizobia.

This that the of
Histick Soy in nodulating soybean in Ghana would be

study also showed effectiveness
most pronounced in soils with no history of soybean

production.

Author’s note

This research underscores the relevance of inoculation with
the right rhizobia strain in the formation of nodules and the
fixation of nitrogen and how this can inform farmers of the
need for the application of relevant inoculants in soybean
production.
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