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A four-year field trial was conducted at Bonia in the Upper East Region of Ghana to evaluate soybean-maize rotation amendment
systems. The treatments included soybean without amendment, inoculated soybean, inoculated soybean with fertisol, inoculated
soybean with phosphorus and potassium (P, K), inoculated soybean with P, K and fertisol, inoculated soybean with nitrogen,
phosphorus, and potassium (N, P, K), and continuous maize. Treatments were arranged in a randomized complete block design
with four replications. Inoculation negatively affected yields by 2% and 14% in 2013 and 2015, respectively. Soil amendments with P,
Kor N, P, Kincreased yields within 45-51%, fertisol increased by 95%, and integration of P, K and fertisol recorded 76% increment of
inoculated soybean. Yields of maize increased by 1%, 20%, 25%, 43%, 44%, and 46% under inoculated soybean, inoculated soybean
with N, P, K, inoculated soybean with P, K, inoculated soybean with fertisol, soybean without amendment, and inoculated soybean
with P, K and fertisol, respectively. Maize after inoculated soybean with fertisol and maize after inoculated soybean with P, K and
fertisol consistently scored higher benefit-cost ratio across the two years of experimentation. Thus, the two systems are conceivable
for recommendation to the farmers in northern Ghana.

1. Introduction Although farmers use various improved maize varieties
with high yield potential, grain yield has been observed
to be very low, rarely exceeding 1tha™ in farmers fields
[1]. Loss of soil organic matter and nutrients, low water
infiltration, and water holding capacity of soils are among
the factors that have resulted in poor soil productivity [2].
Increasing population has placed too much pressure on
the limited land resources thereby leading to continuous
cropping particularly of cereals after cereals [3]. Several soil
fertility improvement technologies have not yielded their
desired effects in Africa due to the dynamics and contrasting

Maize (Zea mays L.) and soybean (Glycine max (L.) Merr.)
have both become very important food crops and have high
economic values in the Upper East Region, evidenced by the
number of mouths it feeds and the acreage for cultivation
which has outstripped the traditional staple crops of millet
and sorghum as it was, before the mid-2000. The government
of Ghana and all multilateral and bilateral development
partners have all identified maize, soybean, and rice as the
crops that can ensure food security and raise the standard of
living of the people in northern Ghana. However, poor soil

fertility has always been identified by farmers participating in
the Annual Review and Planning Sessions organized under
the auspices of the Research Extension and Farmer Linkage
Committees in the three northern regions of Ghana as the
number one constraint to increased and stable crop pro-
ductivity and production in the Guinea and Sudan Savanna
Agroecological Zones.

agroecosystems with regards to both socioeconomic and
biophysical conditions of the African farming systems [4, 5].

Average maize yields per unit of land have fallen in
Africa since the 1970s partly because maize production has
expanded into drought prone areas and semiarid areas and
partly due to declining soil fertility [6]. Low use of chemical
fertilizers by farmers with its attendant low yields in maize
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production in Ghana stems from two major factors. These
are very prohibitive prices, for example, twenty-five United
States of America Dollars (US$25 for a 50 kg weight of N, P,
K and about US$21 for a 50 kg weight of sulphate of ammonia
or sulfan) and the nonavailability of fertilizers when they
are most needed. Previous attempts by the Ministry of Food
and Agriculture, Global-2000, and other nongovernmental
organizations, which started the promotion of maize pro-
duction, supported farmers with highly subsidized fertilizers.
These endeavors appreciably increased average maize yield
to 1.2tha™" from that of 0.6tha™" under peasant farmers’
practice of using 200 kgha™' of N, P, K.

According to Dennis et al. [7], best fertilizer application
for savanna soils is a combination of organic and inorganic
fertilizers. Application of organic manure and/or compost has
been proven to improve soil organic matter content [8] and
the available water content of soils by 58-86% [9]. Increase
in wheat yield from 1190 kgha™" in the control to 1520 kgha™
due to the application of municipal solid waste compost
resulted because of availability of water in the rooting zone
attributable to reduction in evaporation [10].

Crop rotation is well known for its yield improvement
effect on crop yield and reduction of financial risk; conse-
quently it is recommended as a countermeasure for finan-
cially sustainable crop production [11]. The objective of the
current study is to explore and recommend cheaper and
reliable sources of and integrated soil fertility management
option for maize farmers to boost maize productivity and
production on a sustainable basis in the Savanna agroecolo-
gies of northern Ghana.

2. Materials and Methods

2.1. Experimental Site. The experiments were conducted
during the rainy seasons of four consecutive years from 2013
to 2016 at Bonia, a farming community about 2km from
Navrongo in the Kassena-Nankan Municipal in the Upper
East Region (11°01'N, 00°16'W, 249 m above sea level) in
northern Ghana. The mean annual rainfall (2013-2016) of the
experimental site was 831 mm, it is monomodal, starting in
June and ending in October. The amounts of rainfall during
the experimental periods were 473, 330, 531, and 472 mm,
respectively, in 2013, 2014, 2015, and 2016 cropping seasons.
The distributions were also highly variable within the seasons.
The field is a flat land with deep to moderate deep and well
drained soils. The soil is developed from granite and has been
classified as Plinthic lixisol [12]. The field’s cropping history
was that it was cropped to maize and the crop residue was left
on the surface of the soil in 2011, and in 2012 the field was left
to fallow under grass.

2.2. Experimental Materials. The experimental treatments
are as follows: Soybean with no soil amendment (control);
soybean seeds treated with an inoculants only; soybean seed
treated with inoculants plus phosphorus and potassium (60
P,O5 and 30 K,Okgha™' abbreviated as P, K); soybean
treated with inoculants plus fertisol; soybean seed treated
with inoculants plus P, K plus fertisol and soybean treated
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with inoculants plus the recommended fertilizer rate of (25-
60-30kgha™ as N, P,0Os, and K,O, abbreviated as N, P,
K). There was also another control plot where maize was
planted after maize, the usual farmers’ practice. The test crops
are as follows: for soybean variety Jenguma, which is an
early maturing soybean variety that is resistant to shattering.
Shattering of soybean has been one of the major constraints to
soybean production in Ghana. The test variety of maize was
the drought tolerant, Striga hermonthica resistant and quality
protein maize cv. CSIR-Omankwa, with a maturity period of
90 days, which was released in 2010.

2.3. Experimental Design and Field Preparation. The exper-
imental design was a randomized complete block with four
replications. Plot size for each treatment was 4.5m wide by
5m long, consisting of 6 ridges. Agronomic data was taken
from the middle four ridges.

In 2013, the field was prepared by tractor and was leveled
uniformly using hand-held hoes. Triple super phosphate and
the organic fertilizer (fertisol) were applied to their respective
plots on the 15th of July and worked into the soil before
planting. Soybeans were planted on the flat by drilling on
the 16th of July 2013. Weeding and reshaping were done as
necessary.

In 2014, all the soybean plots were ridged by bullocks at
0.75 m width. Maize was planted on 18th of July, 2014, on the
ridges at 0.40 m between hills using three to four seeds per
hill and thinned to two plants per hill at exactly two weeks
after sowing (WAS).

In 2015 maize was rotated with soybean, which was
planted on the 22nd of July 2015. Triple super phosphate and
fertisol were applied on the 4th of August 2015 to the same
plots as it were, in 2013. Weeding and reshaping were done as
necessary and harvested on the 7th of November 2015.

In 2016, the soybean again was followed by maize, which
was planted on ridges made by bullock at a spacing of 0.75m
between ridges. The field was sprayed with glyphosate and
atrazine before planting. Maize was planted on the 23rd of
July 2016. Weeding and reshaping were done as necessary and
harvested on 26th of October 2016.

The maize crop was fertilized by hill placement method
at two weeks after sowing at the rate of 60 Nkgha™" as
urea, 60 P,0;kgha™' as triple super phosphate (TSP), and
60 K,Okgha™" as muriate of potash (MOP). Top-dressing
was done with sulfan, an improved version of sulphate of
ammonia with high nitrogen and sulfur at the rate of 40
Nkgha™ for all treatments at two weeks after the first
fertilizer application. All other agronomic practices were as
recommended for maize cultivation in Ghana.

2.4. Soil Sampling and Fertisol Analysis. Initial soil samples
were taken from 20 to 25 points distributed along the diagonal
transects of the experimental area at 0-15cm depths, a
month to the start of the year, 2013, farming season. Final
sampling was done according to treatment plots after the
2016 harvest. The samples collected from each plot were
composited according to depths, air-dried, crushed, and
sieved through a 2 mm sieve and sent to the soil chemistry
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TaBLE 1: Chemical composition of fertisol, initial soil, and the soils after four years of treatment.
Treatment pH N » oc P »
gkg mgkg
Fertisol 8.0 19.7 140 12795
Initial soil 4.6 0.60 35 13.6
Soil after four years
Maize after maize 5.0 0.31 4.0 26.3
Maize after noninoculated soybean 5.2 0.35 4.4 315
Maize after inoculated soybean 5.2 0.37 4.7 29.0
Maize after inoculated soybean + P, K 55 0.39 4.8 33.8
Maize after inoculated soybean + fertisol 5.5 0.34 4.4 29.6
Maize after inoculated soybean + N, P, K 5.2 0.40 49 50.9
Maize after inoculated soybean + P, K + fertisol 5.4 0.39 4.7 445

laboratory of CSIR-SARI for chemical analysis. The sieved
(<2mm mesh) air-dried samples were analyzed for pH in
water using soil to water ratio of 1:2.5 [13]. Total N was
determined by Kjeldahl distillation and titration method [14].
Available P was measured using the Bray and Kurtz method
[15] and organic carbon was determined by modified Walkley
and Black procedure as outlined in Nelson and Sommers
[16]. The micro-Kjeldahl digestion procedure was used to
determine the fertisol’s N, and P [14], whilst organic carbon
was by the wet digestion method outlined by Nelson and
Sommers [16].

2.5. Statistical Analysis. Agronomic data collected included
crop growth, development, grain yield, and its components
and biomass. All crop data were subjected to analysis of
variance (ANOVA) using GENSTAT Statistical Package 9th
Edition and where there were significant differences among
treatments, means were separated using the LSD test at the
P =0.01 or 0.05 levels.

2.6. Economic Analyses. Complete budgets were constructed
to calculate the total variable cost, estimate gross and net
benefits, and calculate benefit-cost ratios which will help to
identify economically viable treatments. Data was taken from
on-farm trials and through market surveys. The parameters
measured included input prices, produce prices, agronomic
practices, input used, and labour used [17, 18].

2.6.1. Benefit-Cost Ratio (BCR). Cost-benefit analysis (CBA),
sometimes called benefit-cost analysis (BCA), is a systematic
approach to estimating the strengths and weaknesses of
alternatives; it is used to determine options that provide the
best approach to achieve benefits whilst preserving savings.
The CBA is also defined as a systematic process for calculating
and comparing benefits and costs of alternative projects
(treatments).
Broadly, CBA has two main purposes:

(1) To determine if an investment/decision is sound
(justifiable/feasible), verifying whether its benefits
outweigh the costs, and by how much

(2) To provide a basis for comparing projects (treat-
ments), which involves comparing the total expected
cost of each treatment against its total expected
benefits.

Calculation of benefit-cost ratio (BCR) is formulated as
shown below:
cBA = 218 )
ATC

where ATB is change in total benefits and ATC is change in
total cost.

All treatments with a CBR equal to or greater than 1 (>1)
should be accepted.

3. Results

3.1. Soil Chemical Changes. The mean physical and chemical
properties of the surface soil taken at a depth of 0-15cm
before the start of the experiment (initial soils) after harvest
of maize in 2016 are presented in Table 1. The soils of the
experimental site were mainly acidic, with low pH of 4.6.
The organic carbon content was 3.5gkg™", which is low.
The corresponding total nitrogen content was characteristi-
cally low (0.6 gkg™). The available phosphorus (Bray-1) of
13.6 mgkg ™' is deemed sufficient for crop growth in these
soils. After 4 years of this study, tremendous nutrient changes
occurred in the soils. The soil nutrient contents generally
recorded pronounced increases of pH, P, and organic carbon
in soybean plots compared to the continuous plots. There
was a sharp decline in N relative to the initial soil N content
(Table 1). Based on the chemical properties of the fertisol
added (Table 1), the pH value being greater than the neutral
pH of 7 indicated its tendency to ameliorate the acidic
soils. The fertisol contained extremely high amounts of P to
improve the low P content of the soils.

3.2. Soybean Performances. The results in 2013 cropping
season indicate that the soybean grain yield and some of its
growth components were significantly (P < 0.01) affected by
treatment effects. Noninoculated soybean took significantly
(P < 0.05) longer days to reach 50% bloom than inoculated
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TABLE 2: Soybean growth and development as affected by inoculation and soil amendments in the northern savanna of Ghana.
Treatment Plant height 100 seeds H I

(cm) @

2013

Soybean 31.9 11.5 0.34
Soybean + inoculants 35.7 10.3 0.32
Soybean + inoculants + P, K 41.2 10.8 0.39
Soybean + inoculants + fertisol 40.9 11.8 0.36
Soybean + inoculants + P, K + fertisol 40.2 11.5 0.36
Soybean + inoculants + N, P, K 39.0 11.5 0.37
s.e.d 3.8 0.50 0.04
CV. (%) 14.2 6.6 14.6
2015

Soybean 39.8 9.7 0.20
Soybean + inoculants 35.5 11.0 0.21
Soybean + inoculants + P, K 425 1.2 0.21
Soybean + inoculants + fertisol 48.0 11.0 0.21
Soybean + inoculants + P, K + fertisol 48.8 10.8 0.21
Soybean + inoculants + N, P, K 64.5 9.7 0.17
s.e.d. 53 0.6 0.0
CV (%) 11.3 7.5 9.3

*H. I. = harvest index.

soybean with either P, K, fertisol, or both soil amendments
(Table 2). Although inoculated soybean alone and that with
recommended N, P, K recorded shorter days, they were
not statistically different from noninoculated soybeans and
so were they with inoculated soybean with either P, K, or
fertisol or both soil amendments (Table 2). Soybean height
was not significantly (P > 0.05) affected by treatment.
Yield components including plant stands (number of plants
per ha), 100-seed weight, and harvest indices were not
significantly (P > 0.05) different among the treatments.

Repeating the same treatments in 2015 as in 2013, the
results again indicate that the soybean grain yield and some of
its growth components were significantly (P < 0.01) affected
by the effects of the treatments. Inoculated soybean with
application of N, P, K produced the taller plants, which were
significantly (P < 0.05) taller than the rest of the treatments
(Table 2). Inoculated soybean with application of P, K resulted
in the highest harvest index, which was significantly (P <
0.05) higher than those recorded when soybean was not
inoculated and when soybean was inoculated without an
amendment (Table 2).

Soybean yields in 2013 were 901, 886, 1361, 1758, 1583, and
1304 kgha™" for noninoculated soybean, inoculated soybean,
inoculated soybean with P, K, inoculated soybean with appli-
cation of fertisol, inoculated soybean plus P, K plus fertisol,
and inoculated soybean with application of recommended N,
P, K treatments, respectively (Figure 1). Inoculated soybean
with the application of fertisol produced the highest grain
yield and inoculated soybean the lowest (Figure 1). Inoculated
soybean with the application of fertisol produced significantly
(P < 0.05) higher grain yield than those obtained for the rest

of the treatments with the exception of inoculated soybean
with application of P, K and fertisol (Figure 1).

Soybean yields in 2015 were 696, 599, 668, 894, 783,
and 711kgha " for the treatments: noninoculated soybean,
inoculated soybean, inoculated soybean with P, K, inoculated
soybean with application of fertisol, inoculated soybean plus
P, K plus fertisol, and inoculated soybean with application
of recommended N, P, K, respectively (Figure 1). Inoculated
soybean with application of fertisol again produced the
highest grain yield, whilst inoculated soybean without any
amendment gave the least grain yield (Figure 1). Yields of
the soybean in 2015 were generally very low when compared
with that of 2013. In both years, inoculated soybean with
the application of fertisol produced significantly (P < 0.05)
higher grain yield than those obtained for the rest of the
treatments with the exception of inoculated soybean with
application of P, K and fertisol (Figure 1).

3.3. Maize Performances. Maize after maize indicated to
prolong the days taken by the maize crop to reach 50% bloom
as compared with maize following inoculated soybean with P,
K or fertisol or both soil amendments (Table 3). The reduction
in days to 50% bloom of maize was more pronounced in
fields preceded with inoculated soybean with P, K and fertisol
amended soils (Table 3). However, maize after noninoculated
soybean and inoculated soybean plus the recommended
fertilizer took similar days to attain 50% bloom as that of
maize after maize. Maize plants after inoculated soybean with
application of fertisol or P, K resulted in bigger stems, whilst
maize plants after noninoculated soybean produced the
tiniest stems (Table 3). Maize after inoculated soybean with
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TABLE 3: Maize growth and development as affected by amended soybean rotation fields in the northern savanna of Ghana.
o . -
Treatment 50% bloom Stem girth Cob diameter 100 seeds H I
(d) (mm) (®)
2014
Maize after maize 50 16.1 40.9 23.6 0.50
Maize after non-inoculated soybean 51 13.8 39.9 22.8 0.52
Maize after inoculated soybean 51 15.0 40.4 24.3 0.58
Maize after inoculated soybean + P, K 48 16.6 42.2 241 0.52
Maize after inoculated soybean + fertisol 48 174 43.2 26.6 0.54
Maize after inoculated soybean + N, P, K 51 15.3 40.6 24.0 0.57
Maize after inoculated soybean + P, K + fertisol 44 16.2 43.1 24.9 0.52
s.e.d. 1.4 1.2 11 0.9 0.0
CV. (%) 4.0 10.6 4.0 53 6.2
2016
Maize after maize 52 18.5 41.4 23.6 0.37
Maize after noninoculated soybean 51 18.3 411 22.8 0.45
Maize after inoculated soybean 53 17.9 40.6 24.5 0.36
Maize after inoculated soybean + P, K 53 17.6 43.0 23.1 0.39
Maize after inoculated soybean + fertisol 54 17.2 422 26.8 0.41
Maize after inoculated soybean + N, P, K 54 18.9 42.2 25.0 0.35
Maize after inoculated soybean + P, K + fertisol 52 19.5 42.0 24.5 0.41
s.e.d. 0.8 1.4 1.7 1.0 0.0
CV (%) 2.2 10.9 5.6 4.3 13.7
*H. I = harvest index.
Soybean + inoculants + N, P, K 1
Soybean + inoc. + P, K + fert.
Soybean + inoc. + fertisol { .
Soybean + inoculants + P, K
Soybean + inoculants
Soybean
j=} f=} (=3 (=3 (=3 (=3 =1 f=% (=3 (=3
¥ e e =22 X 2 2 85
Yield (kg/ha)
= 2013
—3 2015

FIGURE 1: Grain yield of soybean as affected by soil amendments in the 2013 and 2015 cropping seasons in the northern savanna of Ghana.

inoc.: inoculants and fert: fertisol.

fertisol produced significantly (P < 0.05) bigger cobs than
the rest of the treatments (Table 2). Maize after inoculated
soybean with fertisol produced the boldest kernels, which
were superior to those produced by the rest of the treatments
except for maize after inoculated soybean and recommended
fertilizer (Table 3). Maize after inoculated soybean recorded
the highest harvest index, which was significantly (P < 0.05)
greater than the rest of the treatments (Table 3).

Generally, maize grain yields recorded for this study are
far greater than those normally obtained by farmers. In the

2014 cropping season, maize grain yields were 3250, 2333,
2250, 3292, 3458, 2333, and 3221 kgha_1 for continuous maize,
maize after noninoculated soybean, maize after inoculated
soybean, maize after inoculated soybean with P, K maize
after inoculated soybean with fertisol, maize after inoculated
soybean plus P, K and fertisol, and maize after inoculated
soybean and recommended N, P, K, respectively (Figure 2).
Maize after inoculated soybean with application of fertisol
produced the highest grain yield, which is significantly
(P < 0.01) higher than those recorded for maize after
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Maize/(inoculated soybean + P, K + fertisol)

Maize/(inoculated soybean + N, P, K) a

Maize/(inoculated soybean + fertisol)
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FIGURE 2: Grain yield of maize as affected by amended soybean rotations in the 2014 and 2016 cropping seasons in the northern savanna of

Ghana. inoc.: inoculants and fert: fertisol.

noninoculated soybean, inoculated soybean, and inoculated
soybean with recommended fertilizer (Figure 2).

Results of maize performance in 2016 that followed
the cropping of soybean with different amendments varied
significantly (P < 0.05) in yield components including
days to 50% bloom, 100-kernel weight, and harvest index
(Table 2). Maize after noninoculated soybean attained 50%
bloom significantly (P < 0.05) earlier than maize after
inoculated soybean with recommended fertilizer rate for
soybean and maize after inoculated soybean plus P, K or
fertisol (Table 3). Maize after noninoculated soybean was the
earliest to bloom whilst maize after inoculated soybean with
recommended fertilizer for soybean was the latest to bloom
(Table 3).

Variations in the maize stem girth, size of cobs produced,
and 100-kernel weight of maize were not significantly (P >
0.05) affected by the initial soybean treatment before planting
the maize. Maize after sole soybean recorded the highest
harvest index followed closely by maize after inoculated
soybean with fertisol and maize after P, K and fertisol,
whilst maize after inoculated soybean with the recommended
fertilizer recorded the lowest harvest index (Table 3).

Maize yields were 1313, 1885, 1323, 1635, 1875, 1817, and
1573 kgha ™, respectively, in 2016 for continuous maize, maize
after noninoculated soybean, maize after inoculated soybean,
maize after inoculate soybean with P, K, maize after inocu-
lated soybean with fertisol, maize after inoculated soybean
plus P, K and fertisol, and maize after inoculated soybean
and recommended N, P, K, respectively (Figure 2). Maize
after inoculated soybean plus P, K and fertisol produced the
highest grain yield followed closely by maize after inoculated
soybean with fertisol, whilst maize after maize resulted in the
lowest grain yield (Figure 2).

3.4. Economic Analyses. Table 4 shows the results of benefit-
cost ratio analyses of soybean and maize rotation under
different soil amendments. All treatments had a benefit-cost
ratio (BCR) greater than one in 2014. Therefore, all treatments
were profitable to farmers. Maize after inoculated soybean

and fertisol recorded the highest BCR of 2.0 which implies
higher profit or net returns than the rest of the treatments.
Maize after inoculated soybean plus P, K is the second most
profitable treatment with its benefit-cost ratio of 1.8; the third
most profitable treatment is maize after inoculated soybean
plus P, K and recommended fertilizer which has a benefit-
cost ratio 1.7. The treatment with the lowest BCR is maize after
noninoculated soybean with a ratio of 1.3.

Similarly, all the treatments in 2016 had a benefit-cost
ratio greater than one and were therefore economically prof-
itable to farmers (Table 4). Maize after inoculated soybean
plus P, K and recommended fertilizer scored the highest BCR
of 1.5, followed by maize after noninoculated soybean and
maize after inoculated soybean and fertisol all scoring the
same BCR of 1.4. Maize after maize scored the least BCR of
1.0.

4. Discussion

This study has amply demonstrated that inoculation of
soybean with the application of soil amendments such as
fertisol and phosphorus and potassium fertilizers has the
potential to increase both soybean and maize productivity
and production in the semiarid agroecologies of the tropics
on a sustained basis. In general, soybeans and maize grain
and biomass yields were significantly affected by both treat-
ment effect and rainfall. Figure 1 showed clear variations in
the amount of rainfall received and its distribution. Mean
soybean yields recorded in 2013 was about 1.79 times greater
than that recorded in 2015 due to better rainfall distribution.
Similarly, maize grain and biomass yields in 2014 were about
1.96 times higher than those recorded in 2016, also due to
better distribution of rainfall in 2014.

Inoculation of soybean affected yield negatively by 2% in
2013 whilst soil amendments increased yields by 45%, 51%,
76%, and 95% and for inoculated soybean with application
of recommended N, P, K, inoculated soybean with P, K,
inoculated soybean plus P, K plus fertisol, and inoculated
soybean with application of fertisol, respectively. Clearly,
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TABLE 4: Economic benefits of soybean and maize rotation under different soil amendments in the northern savanna of Ghana.

Treatments Gross benefit GHS*  Total variable cost GHS ~ Net benefit GHS ~ Benefit/cost ratio
2014

Maize after maize 2710 1624 1087 1.7
Maize after noninoculated soybean 1983 1551 432 13
Maize after inoculated soybean 2437 1596 841 L5
Maize after inoculated soybean + P, K 2900 1643 1258 1.8
Maize after inoculated soybean + fertisol 3294 1682 1612 2
Maize after inoculated soybean + N, P, K 2497 1602 895 1.6
Maize after inoculated soybean + P, K + fertisol 2820 1635 1186 1.7
2016

Maize after maize 1576 1510 66 1
Maize after noninoculated soybean 2262 1579 683 14
Maize after inoculated soybean 1588 1511 76 11
Maize after inoculated soybean + P, K 1962 1549 413 13
Maize after inoculated soybean + fertisol 2250 1578 673 14
Maize after inoculated soybean + N, P, K 1888 1541 346 1.2
Maize after inoculated soybean + P, K + fertisol 2300 1583 718 1.5

2GHS = Ghana cedis; 1 U$ = 3.9 GHS.

addition of inorganic fertilizer increased inoculated soybean
yield within 45-51% whilst organic fertilizer increased the
same by 95% and the integration of organic and inorganic
was by 76% yield increment. The yield enhancement ability
of organic fertilizer application has been noted by other
researchers and attributed to water retention in the root zone
due to reduction in evaporation [10].

Relative to yields in 2013, soybean yields in 2015 were
very low and so the effects of the treatments were lowly
pronounced. Yields of soybean declined by 14% and 4%
in inoculated soybean and inoculated soybean with P, K
treatments but increased by 2%, 13%, and 28% in inoculated
soybean with application of recommended N, P, K, inoculated
soybean with P, K, and fertisol, and inoculated soybean with
application of fertisol, respectively, in 2015. These trends
have been consistent over the period of the study, in both
seasons of normal rainfall distribution and those that rainfall
distribution was not normal. Soybean plants were taller for
treatments that were inoculated and also received either
fertisol or P, K. This superior performance could be ascribed
to enhanced uptake of nutrient afforded by these soil amend-
ments.

Several workers have come to the conclusion that the inte-
gration of organic and inorganic soil amendments enhances
fertilizer use efficiency, which results in a balanced release of
nutrients to the maize crop [19, 20]. It has been demonstrated
that supplementary fertilization can lead to improved perfor-
mance of these crops [21]. In the present study inoculation of
soybean gave consistently lower grain yields compared with
noninoculated soybean. This is in sharp contrast with Otieno
et al. [22] who found no yield increment due to inoculation
of soybeans.

The inoculation of soybeans and the application of a
soil amendment such as fertisol and P, K resulted in higher

grain and biomass yields of both soybean and maize. This
could be ascribed to the enrichment in soil nutrients and
soil organic matter that might have resulted in better supply
of plant nutrients and moisture for better crop growth and
development. This is in sharp agreement with Kapkiyai et
al. [23] who reported that the combination or organic and
inorganic nutrient sources resulted in synergy and enhanced
synchronization of nutrient release and absorption resulting
in higher crop yields.

Relative to continuous maize cropping, rotation effects
on maize yields increased the grain yields by 44%, 1%, 25%,
43%, 20%, and 46% when maize followed noninoculated
soybean, inoculated soybean, inoculated soybean + P, K,
inoculated soybean + fertisol, inoculated soybean + N, P,
K, and inoculated soybean + P, K + fertisol, respectively.
The lower maize yields obtained for the maize after maize
plot are in consonance with the work of Ofori and Stern
[24] who asserted that cereals following grain legumes often
recorded greater grain yields than those of cereal after cereal.
Bowen [25] suggested that a major reason for the higher
yields of maize after cowpea was an N residual effect from the
legume. This could also be the probable reason why the maize
preceding the soybean had superior grain and biomass yields.
The maize grain yields reported in the present study, with the
use of an improved maize variety with the application of an
integrated soil fertility management system, have shown that
maize yields could be increased drastically above the 1.1kg per
ha as reported by Abunyewa and Mercer-Quarshie [1].

Further, comparison of 2014 and 2016 data revealed all
treatments were economically viable; however, the treat-
ments, inoculated soybean plus fertisol and inoculated soy-
bean plus P, K plus fertisol, were consistent across the two
years scoring the highest BCR across the two years that the
study was conducted.



5. Conclusion

Maize following inoculated soybean with soil amendments
enhanced the grain and straw yields when compared
with continuous maize or precropped soybean with no
soil amendment. Among the inoculated soybean with soil
amendment systems, inoculated soybean plus fertisol and
inoculated soybean plus P, K plus fertisol recorded high
grain yields in both soybean-maize crops. Additionally, the
two treatments consistently scored high benefit-cost ratio
across the two years of experimentation. Thus, they appeared
recommendable for maize farmers in northern savanna of
Ghana.
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