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Abstract

Declining soil fertility is a major constraint leading to steady low crop yields in Ghana. Soil management prac-
tices that make effective and efficient use of rainwater in addition to supplying the required nutrients is likely
to enhance grain yield of soybean. Field experiments were carried out during the 2020 and 2021 cropping
seasons at the CSIR-SARI Research fields in Nyankpala, Ghana to determine the impact of tillage systems
and soil amendment on the growth and productivity of soybean variety 'Favour’. The experimental design was
a randomized complete block design (RCBD) in a split plot with four replications. The main plot consisted of
two tillage systems: no-tillage (NT) and conventional tillage (CT) while the sub-plot was made up of three soil
amendments: Rhizobium inoculant (Rl) only, phosphate rock (PR) only containing 30% P205, Rhizobium inoc-
ulant and rock phosphate rock combined (Rl + PR) and a control treatment. The results showed that in both
cropping seasons, there was no significant (P > 0.05) effect of tillage system x soil amendment interaction on
the traits measured. Significant (P < 0.05) effects of tillage system and soil amendment main were observed
for all growth and yield components with the exception of biomass yield and harvest index. Generally, higher
growth and yield parameters as well as higher economic returns were obtained under the no-tillage system
compared with the conventional tillage. Grain yield under no tillage was significantly greater than grain yield
obtained under conventional tillage system as grain yields under no tillage increased significantly by 29.7%
and 23.7% compared to the conventional tillage in 2020 and 2021 respectively. Among the soil amendments,
combined application of rhizobium inoculant and rock phosphate produced significantly (P < 0.05) greater grain
yields than the other treatments. Combined application of rhizobium inoculant and rock phosphate had the
highest agronomic and economic benefits and is thus recommended for soil management practices for soybean
production.

Introduction and can restore soil fertility through their nitrogen (N;)-fixing
capability.

Soybean (Glycine max L.) is one of the most important legumi-
nous crops, recognized as the crop with the greatest nutritional
value for growing in all suitable regions of Ghana (MoFA,
2009). However, it is mostly cultivated in the five regions in
the northern Ghana (Northern, Savannah, North East, Upper
East and Upper West) and the northern part of Volta region
of the country (Adjei-Nsiah et al., 2019). About 80% of na-
tional production estimated at 182,000 tons occurs in northern
Ghana (USAID, 2014). In addition to its high nutritional
value, it is increasingly becoming an important cash crop in
northern Ghana. Thus it contains 40% high quality protein,
20% edible vegetable oil and a good balance of amino acids
(Gurmu et al., 2009; Mohammadi et al., 2012). Soybean can
fix atmospheric nitrogen in the soil with estimated amounts
varying from 44 kg N'ha~! to as high as 300 kg N ha~! (Giller,
2001). Soybean can restore soil fertility by building up the
soil nitrogen through biological nitrogen fixation. This benefi-
cial attribute of soybean is significant in the farming system
especially in areas where soils are inherently low in nutrients
(Adjei-Nsiah et al., 2019).

Declining soil fertility has become one of the major con-
straints to crop yields and increased food production in Ghana
(Bationo et al., 2018). Ghana has one of the highest rates
of soil nutrients depletion among sub-Saharan African coun-
tries with annual projected losses of 35 kg N ha™!, 4 kg P
ha~! and 20 kg K ha~! (Jayne et al., 2015). These deficien-
cies are, however, more pronounced in the coastal, Guinea
and Sudan Savannah ecologies where organic matter con-
tent is low and the annual bush burning and removal of crop
residues prevent the build-up of organic matter (Jayne et al.,
2015). The increasing attention of low-input crop production
and sustainable agricultural systems from an environmental,
economic and managerial standpoint opened the door for sus-
tained adoption and inclusion of legumes in the agricultural
systems (Ghosh et al., 2007; Stagnari et al., 2017). Grain
legumes are well known to contribute significantly towards
reducing poverty, improving food and nutrition security and
sustaining the natural resources base (Rusike et al., 2019).
Neda (2020) and Stagnari et al. (2017) indicated that, legumes
increase soil fertility through the action of microorganisms
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Despite the inherent ability of soybean to fix its own nitrogen
for growth, development and subsequently yield improvement,
current grain yields recorded by farmers are less than 1.0 t
ha~! which is far below the potential yield of 2.5 t ha~! (Chi-
anu et al., 2014; Mensah, 2014). The amount of nitrogen
fixed by grain legumes such as soybean is affected by the
degree of colonization by soil rhizobia (Mabood et al., 2006).
Giller (2001), pointed out that, with appropriate technologies,
soybean has the potential of fixing atmospheric nitrogen to
levels of 360-450 kg N ha~!, which will enable yields go up to
5,600 kg ha~!and provide residual nitrogen for the succeeding
crops. However, soybean is a non-native crop to Sub-Saharan
Africa (SSA) and was first introduced into Ghana in 1910 (Pla-
har, 2006). Most soils in SSA do not contain the appropriate
Bradyrhizobium spp to enhance effective nodulation, nitrogen
fixation and grain yield. Therefore, it requires inoculation
with Bradyrhizobium japonicum to enhance effective nodu-
lation and in turn increase grain yield (Khojely et al., 2018).
Several studies have demonstrated that appropriate technolo-
gies, which combine application of soil amendments such as
inoculation of soybean seeds before planting and phosphorus
fertilization are known to improve growth and productivity
of soybean (Adjei-Nsiah et al., 2022; Ahiabor et al., 2014;
Ronner et al., 2016; Ulzen et al., 2018). Deaker et al. (2004)
and Lemus et al. (2012) further indicated that inoculation of
soybean with the appropriate rhizobia strain introduces high
numbers of viable and effective rhizobia to the rhizosphere
that allow rapid colonization and nodulation. Furthermore,
availability of phosphorus in the soil influences the efficiency
of Rhizobium that fixes atmospheric nitrogen in association
with nodulating legumes as it is directly involved in biological
nitrogen fixation via Legume-Rhizobium symbiosis (Ahiabor
etal., 2014).

Whereas phosphorus deficiencies limit nodulation, nodule
function, and consequently biological nitrogen fixation (Dabesa
and Tana, 2021; O’Hara, 2001). Several authors including
Ronner et al. (2016) and Adjei-Nsiah et al. (2018) reported
that yield increases range between 50% and 100% when phos-
phorus fertilizer is applied together with rhizobia inoculation.
(Ulzen et al., 2020) also pointed out that in spite of the im-
portance of phosphorus to rhizobia inoculation in soybean
cropping system, the increases in yield are usually less than
the potential yield of the crop. Dogan et al. (2011) indicated
that soil tillage practices can be one of the major causes of
low crop yield and explain that tillage practices have com-
plex effects on physical, chemical and biological properties of
soil. They further stated that, change in physical and chemical
soil properties by soil tillage methods affect the parameters
directly related with soil microbial activities such as organic
matter, soil humidity, temperature and ventilation as well as
the degrees of interaction between soil mineral and organic
matter.

Conventional tillage opens up soil pores, enhances water filtra-
tion, speed up microbial activities and organic matter mineral-
ization. Conventional tillage may, however, stimulate anthro-

pogenic greenhouse gas emission especially carbon dioxide
(CO») and nitrous oxides due to faster mineralization of soil
organic matter or soil organic carbon (Jackson et al., 2003).
Conservation tillage practice such as no-till (NT) or reduced
tillage with residues or organic matter promotes better soil ag-
gregation, improve soil water retention capacity, enhances soil
carbon sequestration and increases soil microbiological prop-
erties (microbial biomass, soil enzymes activity and microbial
diversity) and reduces soil erosion (Schillinger, 2001). Soil
management practices that make effective and efficient use of
rain water in addition to supplying the required nutrients is
likely to enhance grain yield of soybean Ulzen et al. (2020).
Several studies on the combined application of rhizobia inocu-
lant and P fertilization have been carried out on soybean in the
Guinea savannah agro ecological zone of Ghana. There is lit-
tle or no information on the combined application of rhizobia
inoculation, P-fertilizer and effect of tillage systems on the
growth and productivity of soybean. Therefore, the objectives
of the study were to determine impact of tillage systems and
soil amendments on the growth and productivity of soybean
and to determine the economic viability of tillage systems and
soil amendments in soybean cropping systems in the Guinea
savannah agro ecological zone of Ghana.

Materials and Methods

Description of the study area

The experiment was conducted for two seasons (2020 and
2021) at the CSIR-Savanna Agricultural Research Institute
located at Nyankpala (9° 25’ N, 1° 58 W, 183 m above sea
level) in the Guinea Savannah agro-ecological zone of Ghana.
The Guinea Savannah zone covers over 40% of the entire
land area of Ghana and is characterised by high temperatures
and low humidity for most parts of the year The climate is a
warm, semi-arid with mono-modal annual rainfall of 1200mm
between May/June and October (Environmental Protection
Agency, 2003). The area is also characterised by a long windy
dry season (harmattan) which usually begins in November
and lasts till April. Intermittent dry spells, often lasting up to
two weeks also occur during the rainy season. The land has a
gentle slope of about 2%. The soil is well-drained Voltaian
sandstone, locally known as the Tingoli series and classified
as ferric luvisol (FAO/UNESCO, 1977). Initial soil analysis
results indicated that soil organic matter and total nitrogen
were 0.32% and 0.04% respectively. Soil pH was 6.3, with
low available soil N (NH; — N + NO3 —N) (7.12mg N kg~!
soil) and P (Smg P kg~! soil) and exchangeable K (54mg kg~!
soil). Soybean grows well in soils with more than 25 ppm
available P, 0.1% N and 1.5% OM (Donald, 2016). Hence
the soil analysis results showed that most of the nutrients
analysed were below the critical levels for soybean growth
and development.

Average monthly rainfall recorded during the period of the
experiment (May—October) was generally higher in 2020
(220.5mm) than 2021 (146.2mm). Average minimum temper-
ature and maximum temperature for 2020 cropping season
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Figure 1. Monthly mean temperature, relative humidity and
rainfall for the 2020 and 2021 cropping season

were 24.2 and 31.7 respectively with a mean of 27.9°C. In
2021, the average minimum temperature and maximum tem-
perature were 25.8°C and 32.1°C respectively with a mean of
28.9°C (Meteorological station of the Institute).

Experimental design and Treatments

The experimental design was a randomized complete block
design (RCBD) in a split plot with four replications. The
main plot consisted of two tillage systems: no-tillage (NT)
and conventional tillage (CT) while the sub-plot was made
up of three soil amendments: Rhizobium inoculant (RI) only,
phosphate rock (PR) only containing 30% P,0Os5, Rhizobium
inoculant and rock phosphate rock combined (RI + PR) and a
control.

Seed Acquisition, Land preparation and Sowing

An improved soybean variety, Favour was used as the test
crop. The variety was released by CSIR-Savanna Agricultural
Research Institute in 2019. It is a variety with a high shatter-
ing resistance and a maturity period of 118 days. Its potential
yield ranges between 2.0 — 3.5 t ha~!. Hand hoe was used
to prepare the land in the conventional tillage system. In the
case of the no-tillage system, the soil was left undisturbed,
however, glyphosate was applied at the rate of 3000ml ha~!
at 10 days before sowing. Prior to sowing, phosphorus was
applied as rock phosphate (PR) at the rate of 30 kg P ha~!.
It was applied before planting in furrows 10cm away from
the planting line. Seeds of the inoculated treatment were in-
oculated with commercial rhizobium inoculant, Legumefix
at a ratio of 10 g of inoculant to 1 kg seed. The soybean
seeds were put in a plastic bucket and 5ml of 3% (w/v) gum
arabic solution was added as a sticker. The seeds and gum
arabic solution were mixed thoroughly before the inoculant
was applied to the seeds. This was then stirred with a wooden
spatula until all the seeds were completely covered with inocu-
lant. The seeds were then spread on a sheet of canvas material
to air-dry for at least 30 minutes to allow the inoculants to
adequately adhere to the surface of the seeds. Sowing was
done early in the morning to avoid exposure of the inoculants
to the direct rays of the sun which might affect the quality of
the inoculants. Sowing was done in June in both 2020 and
2021 at a spacing of 50cm x 10cm. Three seeds were planted
per hill and seedlings later thinned to two per hill one week

after germination. All plots received 30kg ha™! of potassium
applied as muriate of potash (MoP) fertilizers two weeks after
sowing. The fertilizer was banded 5cm away from the plants.

Data collection

A 200g composite sample was taken from the quantity mixed
in each plot and analysed for soil texture, pH in water using
soil to water ratio of 1:2.5 (Page et al., 1982). Total nitrogen
of soil from the experimental plot was determined by Kjeldahl
distillation and titration method (Bremner and Keeney, 1965).
Available phosphorus was measured using Bray and Kurtz
method (Bray and Kurtz, 1945). Exchangeable potassium was
determined using flame photometry PFP7 after extraction with
ammonia acetate (Jackson, 1958). Organic carbon was deter-
mined by the wet digestion method (Nelson and Sommers,
1983) before planting was done. Plant height was measured
using a meter rule from the base of the plant to the tip of
the main stem for each of the five randomly selected tagged
plants and average calculated for each plot at harvest. At the
R4 stage (full podding), ten plants were randomly selected
from each plot and all the roots were excavated using a spade
from each plot and were assessed for nodulation. The soil
was carefully washed out from the roots to ensure that all
the nodules were recovered as much as possible. The nod-
ules were plucked from the roots by hands and counted. The
plant biomass and nodules were subsequently oven- dried at
70°C for 48 hours and weighed to give the nodule and shoot
dry weights. Number of pods per plant was determined by
counting pods of 10 randomly selected plants at harvest. The
grain yield obtained from the four inner rows was sun dried
to a moisture content of 10% using a moisture meter. These
were weighed and each weight was converted to kilogram
per hectare. After harvesting, plants from the four inner rows
were allowed to dry in the sun. It was weighed and converted
to kilogram per hectare to determine the biomass for each plot.
Leaf area index (LAI) was measured at the R2 stage (full flow-
ering) using AccuPAR model LP-80 PAR/LAI Ceptometer
(Decagon Devices, Pullman WA, USA). Harvest index was
calculated using formula suggested by (Donald, 2016):

Economic yield

ey

H t Index =
arvestindex Total Biological yield

where, economic yield is the grain yield and the total biologi-
cal yield is the summation of the total biomass and grain yield
plus pod chaff.

Economic analysis was carried out to compare the profitability
of tillage systems (no-tillage and conventional tillage) as well
as different soil amendments (the use of Rhizobium Inoculant
and Rock Phosphate) in soybean production. The crop enter-
prise budget techniques where benefit-cost ratios are estimated
and compared was employed to assess the economic returns
on each investment. The cost of each production system which
is the basis of comparison and all other recommended variable
inputs used in the study were considered. The benefit-cost
ratios however were calculated by dividing the total benefits
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by the total variable costs as: B/C = TB/ TVC, Where B/C-
Benefit Cost Ratio, TB- Total Benefit (Net Return) = Price x
yield, TVC- Total Variable Cost = Quantity X unit cost.

Data Analysis

Data collected was subjected to analysis of variance using
GenStat software (12 edition). Treatment means were sepa-
rated using the standard error of the difference were signifi-
cant. Pearsons correlation was used to determine relationships
between grain yield, growth and yield components also using
the GenStat software (12 edition).

Results and Discussion

Results

Statistical analysis

The main effects of tillage systems and soil amendments were
significant (P < 0.05) for all the growth and yield parameters
measured in this study (Table 1 and Table 2), with the excep-
tion of biomass yield in 2020, plant height and harvest index
in 2021 cropping season. However, tillage main effect did not
differ significantly for harvest index in 2020 and for number
of nodules in 2021. Interaction of tillage systems and soil
amendments effect was non-significant (P > 0.05) for all the
parameters measured. However, its effect on plant height at
in 2021 cropping season was significant (P < 0.05).

Crop Performance

Leaf Area Index

In 2020 and 2021, the main effect of tillage system and soil
amendment were significant (p < 0.05) on leaf area index
(Table 3). In both cropping seasons, no-tillage had signifi-
cantly the highest leaf area index. Similarly, among the soil
amendment in both years, combined application of rhizobium
inoculant and rock phosphate resulted in the highest leaf area
index. However, it was statistically similar to application of
rock phosphate alone in 2020 whereas in 2021, it did not differ
significantly from the rock phosphate alone and rhizobium
inoculant alone. Significantly, in 2020 the lowest leaf area
index was obtained from rhizobium inoculant alone but it was
statistically similar to the control treatment whereas in 2021,
the control treatment had the lowest leaf area index.

Plant height at harvest

In 2020, the main effect of tillage system and soil amend-
ment were significant (p < 0.05) on plant height at harvest
(Table 3). Significantly, the tallest plants were produced under
no-tillage compared to the conventional tillage. Additionally,
combined application of rock phosphate and rhizobium inocu-
lant resulted in significantly similar soybean plant heights as
those resulting from either rock phosphate alone or rhizobium
inoculant alone. The control treatment produced significantly
the shortest plants. However, in 2021, plant height at har-
vest was significantly (p < 0.05) affected by the interaction
of tillage system and soil amendment. Integration of rock
phosphate and rhizobium inoculant under no-tillage produced

significantly the tallest plants but were however, not statis-
tically different from rock phosphate alone under no-tillage.
Control treatment under no-tillage produced shorter plants
but did not differ statistically from rhizobium inoculant alone
under no-tillage, application of rhizobium inoculant alone
under conventional tillage, rock phosphate alone under con-
ventional tillage, combined application of rock phosphate and
rhizobium inoculant under conventional tillage and the control
treatment under no-tillage.

Number of nodules per plant

In 2020, tillage main effect as well as soil amendment main
effect had significant influence on number of nodules per plant
(Table 3). Significantly, more nodules were produced under
conventional tillage compared to no-tillage. On the other hand,
among the soil amendments, combined application of rhizo-
bium inoculant and rock phosphate resulted in significantly
more nodules per plant. The control treatment produced the
minimum number of nodules per Number of nodules in re-
sponse to combined application of rhizobium inoculant and
rock phosphate was significantly higher than number of nod-
ules in response to either rock phosphate alone or rhizobium
inoculant alone. The control treatment had significantly the
lowest number of nodules per plant.

Nodule dry weight per plant

In 2020 and 2021, the main effects of tillage system and soil
amendment were significant (P < 0.05) on nodule dry weight
(Table 3). In both years, no-tillage significantly produced
heavier nodules per plant than the conventional tillage. Sim-
ilarly, in both 2020 and 2021, among the soil amendment,
Integration of rhizobium inoculant and rock phosphate pro-
duced heavier nodules dry weights per plant while the lowest
nodule dry weight was produced by the control treatment.

Number of pods per plant

In 2020 and 2021, the main effects of tillage and soil amend-
ment were significant (P < 0.05) on number of pods per plant
(Table 4). Significantly higher number of pods per plant was
recorded under no-tillage compared to conventional tillage
in both years. Compared with the control treatment, all soil
amendment treatments resulted in a significantly higher num-
ber of pods per plant in both 2020 and 2021. Among the soil
amendment, number of pods per plant was not significantly
different among combined application of rock phosphate and
rhizobium, application of rock phosphate alone and appli-
cation of rhizobium inoculant alone in both 2020 and 2021.
However, in 2020, combined application of rock phosphate
and rhizobium resulted in significantly more pods per plant
compared to application of rhizobium alone.

Grain yield (kg ha™!)

In 2020 and 2021, the main effects of tillage system and
soil amendment were significant (P < 0.05) on grain yield
(Table 4). Soybean grain yields under no-till significantly
increased by 29.7% and 23.7% compared to the conventional
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Table 1. Mean square values from ANOVA for parameters measured in 2020 cropping

Sources of D.F. Leafarea Number of nodules Noduledry Number of pods Plant heightat Grainyield Biomass yield Harvestindex
variation index per plant weight (g) per plant harvest (cm) (Kgha™1) (Kgha™1)

Replication 3 0.02 342.8 0.4971 56.85 43.28 10872 3224453 0.0136
Tillage System (TS) 1 3.10%%** 110685.17%#* 1.5186* 455.27* 331.53%* 2790113***  2025078NS 0.004NS
Soil Amendments (SA) 3 0.27%* 194770.2%%* 2.5170%#* 2500.82%* 629.99%* 1744030%** 121341INS 0.02*

TS x SA 3 0.02NS 1761.5NS 0.8837NS 141.61NS 18.55NS 284463NS 247826NS 0.002NS
Residual 21 0.04 788.5 0.3194 72.13 43.20 12203 640651 0.004
Mean 2.97 480.1 2.882 66.8 51.2 2283 3648 0.396
CV (%) 6.7 5.8 19.6 12.7 12.8 14.7 21.9 16.8

#% = p < 0.001; % =p < 0.01; *=p < 0.05; NS = Not-significant, D.F = Degree of freedom, CV= Coefficient of variation
Table 2. Mean square values from ANOVA for parameters measured in 2021 cropping season

Sources of D.F. Leafarea Number of nodules Noduledry Number of pods Plant heightat Grain yield Biomass yield Harvestindex
variation index per plant weight (g) per plant harvest (cm) (Kgha™') (Kgha™")

Replication 3 0.08 6166 0.78 349.8 4.11 310255 4122021 0.009
Tillage system (TS) 1 5.66%#* 14280NS 2.30% 1323.6* 139.86NS 1550616**  4125269%* 0.00INS
Soil amendments (SA) 3 0.12%* TT231 %% 2.80%* 864.8* 70.92NS 979178** 218411NS 0.007NS
TS x SA 3 0.22NS 2625NS 0.93NS 50.INS 141.08* 117560NS 634495NS 0.005NS
Residual 21 0.18 8086 0.5088 196.0 32.06 194495 59102 0.003
Mean 2.55 441 2.80 58.4 424 2079 3582 0.370

CV (%) 16.8 20.4 25.5 24.0 13.4 21.2 18.9 16.6

% = p<0.001; ** = p < 0.01; *=p < 0.05; NS = Not-significant, CV= Coefficient of variation

tillage in 2020 and 2021 respectively. Among the soil amend-
ments, grain yield ranged between 1713 kg ha~! and 2840
kg ha~! with a mean of 2283 kg ha~! in 2020 and 1639 kg
ha~! and 2486 kg ha~! with a mean of 2079 kg ha=! in 2021.
Significantly the highest grain yield of 2840 kg ha~! and
2486 kg h~! were obtained from the combined application of
rhizobium inoculant and rock phosphate in 2020 and 2021 re-
spectively. However, in 2020 grain yields obtained as a result
of the combined application of rhizobium inoculant and rock
phosphate resulted in yields that were statistically different
from yields obtained by the application of either rock phos-
phate alone or rhizobium inoculant alone. On the contrary,
in 2021, grain yields obtained as a result of the combined ap-
plication of rhizobium inoculant and rock phosphate resulted
in yields that were statistically similar to yields obtained by
the application of either rock phosphate alone or rhizobium
inoculant alone. The control treatment obtained significantly
the lowest grain yield of 1713 kg ha~! and 1639 kg ha~! in
2020 and 2021 respectively.

Biomass yield (kg ha—!)

Apart from the main effects of tillage system in 2021, main
effect of tillage and soil amendment were not significant (P
> 0.05) on biomass yield (Table 4). However, numerically,
biomass yield (kg ha~!) was highest with the no-tillage in
2020. Application of rock phosphate alone resulted in the
highest biomass yield (kg ha~!) which was followed closely
by the combined application of rhizobium inoculant and rock
phosphate and then rhizobium inoculant alone. In 2021 how-
ever, no-tillage obtained significantly the highest biomass
compared to the conventional tillage. Although not statisti-
cally significant, combined application of rock phosphate and
rhizobium inoculant had the highest biomass yield (kg ha™!)
which was followed by application of rock phosphate alone
and then rhizobium inoculant alone. In both years, the control

treatment had the lowest biomass yield (kg ha™!).

Harvest Index

In 2020 and 2021, the main effects of tillage and soil amend-
ment were not significant (P < 0.05) on harvest index with
the exception of main effect of soil amendment on harvest
index in 2020 (Table 4). However, not significantly different,
no-tillage had the highest harvest index in both 2020 and 2021.
In 2020, among the soil amendments, combined application
of rhizobium inoculant and rock phosphate had significantly
the highest harvest index but it did not differ statistically from
the application of either rock phosphate alone or rhizobium
inoculant alone. Although not statistically significant, com-
bined application of rock phosphate and rhizobium inoculant
obtained the highest harvest index in 2021. The control treat-
ment had the lowest harvest index in both 2020 and 2021.

Economic Analysis

The difference in the Tillage System was not only seen in the
grain yield from the field but also in the profitability of the
technique. No-tillage had the highest grain yield in both years
as compared to the grain yield obtained under the conventional
tillage system (Table 5). However, in terms of the profitability
of each of the technologies, no-tillage recorded relatively
higher net return of US$ 1344.11 in 2020 and US$ 1086.61 in
2021. No-tillage also had a BCR of 2.71 and 2.30 in 2020 and
2021 respectively. The soil amendments techniques employed
in the experiment also revealed different set of grain yield and
different levels of profitability relative to the control. The use
of rhizobium inoculant as soil amendment technology had
a grain yield of 2193 kg ha~! and 2036 kg ha~! in the two
consecutive years.

In terms of profitability, the rhizobium inoculant had a net
return of GHS US$ 513.75 and US$ 892.72 respectively with a
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Table 3. Effect of tillage system and soil amendment on leaf area index, plant height, number of nodules per plant, nodule dry

weight

Treatment Leaf area index at flowering  Plant height at harvest (cm) Number of nodules per plant Nodule dry weight, (g)
2020 2021 2020 2021 2020 2021 2020 2021

Tillage systems

No-Tillage (NT) 3.29a 2.97a 54.4a 44.5a 421b 420a 3.1a 3.0a

Conventional Tillage (CT)  2.66b 2.13b 47.9a 40.3b 538a 462a 2.7b 2.5b

SED 0.07 0.15 2.32 2.00 9.93 31.8 0.19 0.25

Soil amendments

Control 2.86bc 2.03b 38.1a 38.5b 260d 328¢ 2.3c 1.9b

Rhizobium inoculant (RI) 2.79¢ 2.54a 53.5a 41.8a 547b 414bc 2.7bc 3.0a

Rock Phosphate (RP) 3.06ab 2.73a 55.3a 44.3a 491c 458b 2.9b 2.7a

RI+RP 3.19a 2.90a 57.7a 45.1a 621a 564a 3.6a 3.3a

SED 0.10 0.21 3.29 2.83 14.04 45.0 0.28 0.35

Interaction NS NS 4.00 NS NS NS NS NS

WAP — Weeks after planting; SED- Standard error of difference

Table 4. Effect of tillage system and soil amendment on number of pods per plant, grain yield, biomass yield and harvest index

Treatment Number of pods per plant  Grain yield (kg ha=')  Biomass yield (kg ha™!)  Harvest Index
2020 2021 2020 2021 2020 2021 2020 2021
Tillage systems
No-Tillage (NT) 70.5a 64.8a 2578a 2299a 3900a 3941a 0.40a 0.37a
Conventional Tillage (CT) 63.0b 52.0b 1988b 1859b 3397a 3223b 0.37a 0.36a
SED 3.00 4.95 118.4 155.9 283.0 239.6 0.02  0.02
Soil amendments
Control 42.1c 43.9b 1713¢ 1639c¢ 3591a 3038a 0.32b 0.33a
Rhizobium inoculant (RI)  66.4b 61.3a 2193b 2036ab 3508a 3510a 0.39a 0.37a
Rock Phosphate (RP) 76.6a 59.8a 2386b 2156a 3784a 3660a 0.39a 0.37a
RI+RP 82.0a 68.6a 2840a 2486a 3711a 3767a 0.43a 0.40a
SED 4.25 7.00 167.5 220.5 400.2 338.8 0.03 0.03
Interaction NS NS NS NS NS NS NS NS

WAP Weeks after planting; SED- Standard error of difference

BCR of 2.05 in 2020 and 1.83 in 2021. Combined application
of rhizobium inoculant and rock of phosphate had the highest
grain yield of 2840 kg ha~! in 2020 and 2486 kg ha~! in
20221 which translated into the highest net return of US$
1380.89 and US$ 1070.68 in 2020 and 2021 respectively.
BCRs of 2.13 and 1.74 was obtained by combined application
of rhizobium inoculant and rock of phosphate in 2020 and
2021 respectively.

Relationship among traits

Pearson correlation analysis indicated significant associations
between most of the traits and grain yield (kg ha~!) in 2020
and 2021 cropping season (Table 6 and 7). Grain yield had
significant positive correlation with all the traits except num-
ber of nodules in 2021. The strongest correlated variable in
2020 was number of pods (r = 0.75) which was followed by
leaf area index (r = 0.68), harvest index (r = 0.62), biomass
yield (r = 0.58), nodule dry weight (r = 0.52) and number of
nodules (r = 39). The correlation between grain yield and
nodule dry weight (r = 0.52) was stronger than between grain
yield and number of nodules (r = 0.39). Number of pods
had significant positive correlation with most of the traits
that were positively correlated with grain yield. In 2021, the

strongest correlated variable was harvest index (r = 0.49) fol-
lowed by nodule dry weight (r = 0.45), leaf area index (r =
0.43), biomass yield (r = 0.41) and number of pods (r = 0.40).
There was non-significant positive correlation between grain
yield and number of nodules.

Discussion

According to Tandzi and Mutengwa (2020), yield, which is
the mass of harvested crop product in a specific area, is in-
fluenced by several factors such as technological, biological
and environmental factors. Generally, soybean growth and
yield parameters in this study responded well to tillage system
and soil amendment in 2020 than in 2021. This might be
attributed to the high-water requirements of soybean during
the blooming and pod-filling stages and as such a uniform dis-
tribution of precipitation which occurred in the 2020 cropping
season could have contributed to proper growth and devel-
opment of the crop (Lamichhane et al., 2020). No-tillage
increased grain yield of soybean by 29.7% and 23.7% in 2020
and 2021 respectively. These results agree with the findings
of (Buah et al., 2017), who observed 15% increase in mean
grain yield under no-tillage in 2013, and 51% in 2014 when
compared with conventional tillage. Nezomba et al. (2010);
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Table 5. Effect of tillage systems and soil amendment on economic viability of soybean

2020 2021

Treatment Grain yield Total variable Netreturns BCratio Grainyield Total variable Netreturns BC ratio

(kg ha=1) cost US$ US$ (kg ha™1) cost US$ US$
Tillage systems
No-Tillage 2578 497.32 1344.11 2.71 2299 472.04 1086.61 2.30
Conventional Tillage 1988 463.39 949.46 2.02 1859 4399.15 820.51 1.87
Soil amendments
Control 1713 497.32 726.25 1.46 1639 472.03 639.15 1.35
Rhizobium inoculant 2193 513.75 1052.68 2.05 2036 487.63 892.72 1.35
Rock Phosphate 2386 631.60 934.82 1.42 2156 599.49 862.20 1.44
Rhizobium +Rock Phosphate 2840 647.68 1380.89 2.13 2486 614.75 1070.68 1.74

BC-Benefit cost

Table 6. Correlations among the traits measured in the 2020
cropping season

GY HI NN NW NP BY
GY -
HI  0.62%** -
NN  0.39% 0.39%* -
NW 0.52%%  0.38* 0.37* -
NP 0.75%%% (Q.54*%% (0.63*** (.54%** -
BY 0.58***%* (030NS 0.23NS 0.14NS  0.51%*

GY- Grain yield; HI- Harvest index; NN— Number of nodules per plant;
NW- Nodule dry weight; NP— Number of pods per plant; BY— Biomass
yield; **%— p<0.001; **~p < 0.01; *~ p < 0.05; NS— Non-significant

Table 7. Correlations among the traits measured in the 2021
cropping season

GY HI NN NW NP BY
GY -
HI 0.49%* -
NN 0.30NS 0.17NS -
NW  045%%  0.18NS  0.58%** -
NP  0.40%* -0.03NS 0.27NS  0.41** -
BY 041** -0.56 0.IONS  0.27NS 0.43%* -

GY- Grain yield; HI- Harvest index; NN— Number of nodules per plant;
NW- Nodule dry weight; NP— Number of pods per plant; BY— Biomass
yield; ***%— p<0.001; **~p < 0.01; *~ p < 0.05; NS— Non-significant.

Ngwira et al. (2012) and Buah et al. (2017) attributed the
yield increase with no-tillage to better weed control and water
conservation compared with conventional tillage and again
opined that water conservation was probably improved with
no-tillage, especially as significant soil water was probably
lost through the ploughed tillage and the extra weeding. In
a comprehensive study of soybean growth and development
in conventional tillage and no-tillage systems, no yield differ-
ences were observed between tillage systems, as a result of
compensatory growth displayed by soybean in a no-tillage sys-
tem (Yusuf et al., 1999). Pedersen and Lauer (2004) reported
that plants in a no-tillage system were observed to accumulate
equal biomass to plants in a conventional tillage system prior
to the flowering stage, but at harvest, plant under no-tillage
had accumulated 6% more biomass, were 7% taller and had a

grain yield of 9% more than soybean plants in a conventional
tillage system.

Grain yields of soybean increased with the application of soil
amendments compared to the control. This indicates that
phosphorus application is an important nutritional element
for increasing soybean yield and the efficiency of rhizobium
strains substantially increased with phosphorus application
(Abbasi et al., 2010). The highest grain yield of 2840 kg ha™!
(65.8% over control) and 2486 kg ha~! (51.8% over control)
were obtained from rhizobium inoculant + rock phosphate
in 2020 and 2021 respectively. Among the soil amendments,
rhizobium inoculant + rock phosphate resulted in higher grain
yields than application of either rock phosphate or rhizobium
inoculant alone. The increase in grain yield in response to
rhizobium inoculant + rock phosphate might be due to the
integrated use of phosphorus and rhizobium inoculant which
resulted in synergy and enhanced the synchronization of the
amount of nutrients released and absorbed. This promoted
root growth and development of more nodules resulting in
increased fertilizer efficiency and higher grain yields. This
result corroborates the findings of Adjei-Nsiah et al. (2022),
who reported that, phosphorus fertilizer and inoculation effect
resulted in 88% and 108% increase in grain yield over the
control and the co-application of inoculant and p-fertilizer
significantly increased soybean grain yield by 45% and 60%,
respectively over plants that received inoculant and p-fertilizer
alone. Authors including Adjei-Nsiah et al. (2022); Tefanescu
and Palanciuc (2000), explained that greater yield response to
combined application of inoculant and phosphorus fertiliza-
tion indicates that the applied phosphorus enhanced soybean
response to the rhizobia inoculant. In addition, O’Hara (2001)
and (Abbasi et al., 2010) also pointed out that, phosphorus
plays a vital role in physiological and developmental process
in plants life. Consequently, this favorable effect of the nutri-
ent might have accelerated the growth process that increases
N uptake in plants.

The yield of plant is a dependent variable and depends upon
other growth and yield contributing components. Therefore,
it is generally correlated with other components (Tarekegn
and Kibret, 2017). Consequently, from our study, grain yield
was positively correlated leaf area index. This showed that
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Increase in leaf area index could result in high grain yield
of soybean. Berdjour et al. (2020) working on maize, indi-
cated that, the variation in grain yield could also be attributed
to the positive relation between the leaf parameters such as
number of leaves, leaf area and leaf area index making them
more efficient in the capture and conversion of solar radia-
tion into assimilates. Significantly higher leaf area index was
obtained under no-tillage than in the conventional tillage. Sim-
ilar observations were made by Pedersen and Lauer (2004)
who reported that, leaf area index (LAI) value obtained from
no-tillage was higher than conventional tillage. In Contrast,
although not statistically significant, Ozturk and Sogut (2016)
observed lower values of LAI under the no-tillage compared
to conventional tillage. In addition, combined application of
rhizobium and rock phosphate enhanced photosynthesis and
light interception by obtaining higher values of leaf area index.
This corroborates earlier studies by Savala et al. (2021) who
suggested that phosphorus fertilization and rhizobium inocula-
tion are required to improve growth and productivity through
increased leaf surface area that captures more light necessary
for the photosynthesis process. Similarly, Nyamaizi et al.
(2020) working on cowpea observed that LAI was enhanced
by phosphorus fertilizer application and inoculation. As plant
grows, leaf density in relation to the ground area known as
LAl increases affecting PAR intercepted and as more radiation
is intercepted by the actively photosynthesizing leaves, the
percent PAR increases (Savala et al., 2021).

Rhizobium inoculation enhanced nodule number and nodule
dry weight and it correlated positively with leaf area index,
number of pods per plant and grain yield. This indicates that
the development of effective and promising nodules of the
crop due to phosphorus supply and Bradyrhizobium japon-
icum inoculation could promote N uptake through the process
of biological nitrogen fixation (BNF) which ultimately en-
hances the final grain yield and yield attributes of the crop
(Tarekegn and Kibret, 2017). Significantly, higher numbers
of nodules per plant were produced under the conventional
tillage. The result is consistent with study by Adamic and
Leskovsek (2021) and Kombiok et al. (2013) who reported
increased in numbers of effective nodules with increasing
tillage depth. Heavier nodules were significantly produced
by the no-tillage system than the conventional tillage. In
contrast, Campos and Gnatta (2006) obtained heavier nod-
ules under the conventional tillage and he suggested that, the
greater dry mass of the nodules for the conventional tillage
system might be related to the less-compacted soil and the
good water-air regime. Number of nodules and nodule dry
weight significantly improved in response to applications of
soil amendments. Compared with those in response to appli-
cations of either rock phosphate or rhizobium inoculant alone
and the control treatments, number of nodules per plant and
nodule dry weight per plant in response to combined appli-
cation of rock phosphate and rhizobium inoculant increased.
The findings of this experiment were similar to those of Anani
et al. (2021), who reported that, compared with applications of

rock phosphate alone or rhizobium inoculant alone, combined
application rock phosphate and rhizobium inoculant resulted
in the highest nodule number. They further indicated that,
rhizobium activity and nitrogen fixation are enhanced when
the soil has adequate phosphorus because phosphorus serves
as energy source for the rhizobia and also stimulates early root
growth and enhances the formation of lateral and fibrous root
systems which are essential for nodule formation. According
to Miller and Roy (1982), the weight of a nodule is a factor
contributing to nitrogen fixation activity while nodule number
is important in relation to nodule weight.

Number of pods per plant is one of the most important yield
parameters contributing to high grain yields in soybean. The
results from this study indicated that number of pods per plant
was positively and significantly correlated with grain yield.
This result corroborates the findings of Rajanna et al. (2000)
who also observed significant and positive correlation between
number of pods per plant and grain yield in soybean. Com-
pared to the conventional tillage system, the no-tillage system
had significantly a greater number of pods per plant in both
2020 and 2021 cropping seasons. This result was consistent
with the observation made by Sharifi et al. (2016) who also
reported higher number of pods per plant under the no-tillage
system compared to the conventional tillage. On the contrary,
Adamic and Leskovsek (2021) also reported lower number
of pods per plant for the no-tillage system compared to the
conventional tillage system. Compared with the control treat-
ment, application of rock phosphate and rhizobium inoculant
either alone or in combination resulted in significantly higher
number of pods per plant. However, combined application
of rock phosphate and rhizobium inoculant produced more
pods than when rock phosphate or rhizobium inoculant was
applied. These findings are in line with the results obtained by
Dabesa and Tana (2021), who asserted that, positive effects
of the inoculants might be due to better amount of nitrogen
rendered through nitrogen fixation which promoted vegetative
growth and plant height, thus improving the number of pods
per plant. Also, the application of the phosphorus perhaps
increased the intensity of root development, nitrogen fixa-
tion, flowering, seed formation and podding. Dry biomass
yield was higher under the no-tillage system than conventional
tillage system. This observation is consistent with the findings
of Dembele (2015), who attributed it to the favorable effect
of the no-tillage system on soil moisture content and nutrient
availability which could have improved nutrient and water
uptake by the plants. Although effect of soil amendments on
biomass yield was not significantly different among the soil
amendments, combined application of rock phosphate and rhi-
zobium inoculant had the tendency to produce higher biomass
yield. The results of this experiment confirm the findings of
an earlier work done by several authors (Ahiabor et al., 2014;
Asia et al., 2005; Lamptey et al., 2014) who reported similar
increase in biomass as a result of the application of either
phosphorus fertilizer or rhizobium inoculant alone or in their
combined application.
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Harvest index (HI) is the proportion of percentage of grain
yield to total biomass. It is a novel trait which is directly
associated with yield, and the capacity of a crop for divert-
ing the total dry matter into economic yield (Asefa, 2019).
Our result indicated a significant positive correlation between
harvest index and grain yield. The result was consistent with
the observations made by Lopez et al. (2021) and Bekele
and Alemahu (2011). Similar results were also obtained by
Sharifi et al. (2016) who indicated that the higher number of
pods per plant, above ground dry matter and harvest index
were obtained under the no-tillage. Combined application of
rock phosphate and rhizobium inoculant resulted in higher
harvest index. The increase in harvest index might be due to
the ability of plants to translocate most of the photosynthate
from the biomass to harvestable seeds and thus, translated
into higher grain yield. Farmers acceptance or adoption of a
technology is largely based on higher economic returns. In
the present study, economic analysis carried out indicated that,
no-tillage had benefit cost ratios (BCR) of 2.71 and 2.30 in
2020 and 2021 respectively whereas conventional tillage sys-
tem resulted in a BCR of 2.02 in 2020 and 1.87 in 2021. This
suggests no-tillage is more profitable than conventional tillage
and farmers will be more willing to adopt this technology.
Buah et al. (2017) also reported higher soybean yields and net
returns with no-tillage system. Higher grain yields obtained
by combined application of rhizobium inoculant and rock of
phosphate translated into higher net returns of US$1380.89 in
2020 and US$1070.68 in 2021 with a BCR of 2.13 and 1.74 in
2020 and 2021 respectively. This implies that farmers would
increase their income by inoculating their soybean seeds in
combination with application of rock phosphate.

Conclusion

Generally, growth and yield parameters measured in this ex-
periment were higher under the no-tillage system. Signifi-
cantly greater grain yield was obtained under the no tillage
system than conventional tillage system as grain yields under
no-till significantly increased by 29.7% in 2020 and 23.7% in
2021 compared to the conventional tillage. Additionally, the
no-tillage treatment resulted in higher financial benefit than
the conventional tillage. The highest grain yields of 2840 kg
ha~! (65.8% over control in 2020) and 2486 kg ha~! (51.8%
over control in 2021) were obtained from plants treated with
rhizobium inoculant + rock phosphate. Higher grain yields
obtained by combined application of rhizobium inoculant
and rock of phosphate translated into higher net returns of
US$ 1380.89 and US$ 1070.68 in 2020 and 2021 respectively.
Combined application of rhizobium inoculant and rock of
phosphate with no tillage is important for increased grain
yield and economic returns of soybean.

Future research issues

The study was based on only one variety. However, there are
other newly improved varieties which possess different mor-

phological and phenotypic attributes that may be influenced
by different agronomic practices. Further studies need to be
conducted to assess the interactive effect of variety, cropping
systems and nutrient management practices on the productiv-
ity, nutrient uptake, and economics of soybean varieties.
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