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ABSTRACT

Extensive areas of bare, compacted, and nutrient-poor soils hinder crop production in the Guinea
Savannah Agro-ecological zone of Ghana. Resolving this challenge can be effected by developing
sustainable land management strategies that can adequately improve soil nutrient status and
enhance crop yield. Field studies were conducted to evaluate the productivity of cotton as affected
by tillage practices, fertilizer rates and intercropping systems in the Guinea Savanna agroecology
of Ghana, during the 2016 and 2017 cropping seasons. Treatments consisted of 2 tillage practices
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(ploughing and direct seeding [sole cotton]), 2 fertilizer application rates (54-30-30 kg/ha NPK and
0-0-0 kg/ha NPK) and 3 intercropping systems (sole cotton, cowpea intercrop and soybean
intercrop) which were laid in split-split plot design with three replications. The tillage practices,
fertilizer rates and the intercropping systems were respectively allocated as the main plot, sub-plot
and sub-sub plot treatment respectively. Unlike the three-way interaction effect which did not
significantly influence variation in growth, yield and yield components of cotton, the two-way
interaction and the single factors were however influential. The combined impact of the NPK
fertilizer application rate at 54-30-30 kg/ha and ploughing resulted in higher seed yield of cotton.
Comparatively, seed yield of cotton was 35.78% higher when 54-30-30 kg/ha fertilizer rate (1.29
t/ha) was applied compared with 0-0-0 kg/ha fertilizer rate (0.61 t/ha). It is however recommended
that resource-poor farmers in the Guinea Savannah agro-ecological zone of Ghana adopt to the
use of 54-30-30 kg/ha fertilizer rate and ploughing for cotton seed yield maximization.

Keywords: Cotton; yield fertilizer rates; tillage; intercropping; guinea Savanna; Ghana.

1. INTRODUCTION

Crop production enhancement and increase in
global food security relies on sustainable farming
practices which improve and conserve the soil,
nutrients and water resources. Most importantly,
resource-poor farmers in sub-Saharan Africa are
concurrently faced with crop yield decline due to
inappropriate soil management practices [1,2].
This problem still persists because most farmers
in this agro-ecological zone apply varied fertilizer
rates and resort continuously to monoculture
system of farming year after year. Similarly, basic
tools such hoes and cutlasses still remains the
most widely used tools in land preparation
activities which do not provide a good tilth of the
soil. However, tillage practices [3], intercropping
systems [4] and fertilizer rates [5] have widely
been established as imperative and sustainable
management strategies for improved crop yield.
As indicated, tillage is crucial for breaking hard-
pan soil layers for enhanced root penetration and
proliferation [6,7]. Appropriate tillage practices
have been demonstrated to ameliorate soil
structure and water retention capacity, and
thereby ensure soil protection against erosion
[8,9]. Intercropping has also been demonstrated
as a profound cropping technique for managing
variety of crops in a limited land area while
ensuring disease, insect and weed suppression
[10,11]. Intercropping system utilizes heat and
light resources which regulate the nitrogen cycle
of the soil for crop yield maximization [12].
According to Grant et al. [13], intensification and
diversification of cropping systems influences soil
physical, chemical, and biological characteristics
and can thus be explored to improve soil health
and productivity. Fertilizer benefit expands as
food security enhancer and agent of climate
change mitigation [14]. Principally, fertilizer
application has been investigated to improve soll

health with possible translation of increasing
yield [15].

Cotton (Gossypium hirsutum L.) is an industrial
revolutionary crop in Africa with enormous
economic benefits [16]. Their production serves
as a dominant cash crop for most farmers in sub-
Saharan Africa. Smallholder farmers in SSA,
especially those in areas with limited
opportunities of growing food crops rely on its
production as a livelihood source [17]. According
to [16] and [18], cotton production forms part of
the few non-traditional export crops which earns
Ghana a veritable source of foreign exchange
(between US$ 150.86 million to US$164.96
million annually) and gross domestic product for
economic growth and rural development. The
crop is often grown under rain-fed condition with
minimal use of purchased inputs [19], serving as
incentives to producers. Cotton cultivation in
Ghana is predominantly practiced in the Guinea
Savannah agro-ecological zone and remains the
sixth most cultivated crop after maize, sorghum,
millet, rice, and groundnut [20]. However, its
production in Ghana is far below the significant
level on the global scale [16] as result of farmers
not providing necessary conditions for the growth
and vyield of the crop. Hence, the thrust of this
study was to investigate the effects of
management systems (tillage practices, fertilizer
rates, and intercropping systems) on the
productivity of cotton in the Guinea Savanna
agroecology of Ghana, where soil fertility
remains a serious challenge to crop production.

2. MATERIALS AND METHODS
2.1 Study Area

This study was conducted during the 2015 and
2016 cropping seasons at the experimental field



of Integrated Water and  Agricultural
Development (IWAD), Yagaba in the Mamprugu
Moaduri District of northern Ghana. The study
area is located within longitude 0°35'W and
1°45’'W and latitude 9°55'N and 10°35'N in the
Guinea Savanna vegetational zone of Ghana.
The vegetation of the site is Savanna grassland
characterised by shrubs and few scattered tress
such as Parkia biglobosa (shea trees) and
Azadirachta indica (neem trees). The land was
previously cropped with maize and allowed of
fallow for a period of two years before the
commencement of this current study. The area
experiences a tropical continental climate of
warm and semi-arid conditions with monomodal
rainfall ranging between 900 and 1100 mm which
occur between May and October annually. The
dry season period however lasts long than the
rainy season which makes the area very
vulnerable and susceptible to bush fires [21].
Temperatures ranging between 25 and 30°C are
averagely recorded on monthly basis [22]
whereas the soil is characterized as sandy-loam
with moderate drainage system free from
concretions.

2.2 Soil Sampling

Initial and post-harvest soil samples were
collected at a depth of 0-20 cm with auger. Soll
samples collected were bulked together as a
composite sample for analysis. The collected
samples were air-dried under room temperature,
ground and sieved through 2.0 mm mesh to give
a fine earth fraction for the determination of the
chemical properties. Soil pH was measured as
soil to water ratio of 1:1.25 with a pH meter [23].
The total nitrogen (TN) content of the fine earth
fraction was determined under Kjeldahl digestion
method described by [24]. Soil organic carbon
(OC) content was determined using the wet
combustion method described by [25] whereas

available  phosphorus and exchangeable
potassium  were  measured using the
spectrophotometer and the flame emission

photometry following the methodologies of [26]
and [27] respectively.

2.3 Land Preparation and Agronomic
Management

In view of the two-year antecedent period of
fallow, the field was heavily infested with both
annual and perennial weeds. This incidence
warranted the use of glyphosate (C3HgNOsP), a
non-selective herbicide at 1.4 kilogram per
hectare active ingredient (kg a.i/ha) for weed
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control. Some sections of the experimental field
were ploughed mechanically with tractor whilst
other portions were seeded directly. The field
was lined and pegged into experimental units
with direct seeded plots preceding the ploughed
plots. Individual plot size of 5 x 5 m was used.
Germination test for cotton seeds was conducted
to ascertain their viability level (found to be
above 80%) before planting. Seeds of cotton,
genotype (Stomp 279) was obtained from the
Integrated Water and Agriculture Development,
Yagaba, Ghana, and were planted at 5 seeds per
hill with a recommended spacing of 80 x 40 cm.
Seedlings were thinned to two per stand at seven
(7) days after emergence. Similarly, three seeds
of locally inoculated cowpea (Songotra) and
soybean (Jenguma) genotypes procured from
the Savannah Agriculture Research Institute,
Tamale, Ghana were drilled manually as
intercrops at two (2) weeks after the emergence
of the component crop. The intercrops were
planted at a spacing of 80 cm x 10 cm and
thinned to two seedlings per hill a week after
their emergence. Post-emerged weeds were
controlled with atrazine (CgH;4CINs) (a.i. WP 80
g/l/lha) at 3 and 6 weeks after planting (WAP).
NPK and sulphate of ammonia were applied as
basal and top dressing fertilizers respectively at 3
and 6 weeks after planting using the band
placement method.

2.4 Treatments and Experimental Design

The study was a 2 x 2 x 3 factorial experiment
laid in a split-split plot design with three
replications. Treatments consisted of three
factors which were tillage practice (ploughing and
direct seeding), fertilizer rate (54-30-30 kg/ha
NPK [recommended rate] and 0-0-0 kg/ha NPK
[zero rate]) and intercropping system (sole-cotton
[no intercrop], cowpea intercrop and soybean
intercrop). The tillage practices, fertilizer rates
and the intercropping systems were respectively
allocated as the main plot, sub-plot and sub-sub
plot treatment respectively. The tillage practice
was assigned as the main plot factor whereas
the fertilizer rate and the intercropping system
were assigned as sub-plot and sub-sub plot
factors respectively. Blocking was done to
ensure higher precision among factors under
evaluation.

2.5 Data Collection

Soil chemical properties and plant productivity
parameters were collected for analysis during the
study. Soil reaction (pH), total nitrogen (TN),



available  phosphorus (P), exchangeable
potassium (K), and organic carbon (OC) content
were evaluated as initial and post-harvest soill
chemical properties. Productivity parameters
gathered on cotton included plant height, boll
number, boll weight, and seed yield. Nodulation
count and effectiveness were gathered as
parameters on the cowpea and soybean
intercropping systems. A total of six (6) plants
sampled and tagged on each experimental plot
were considered for data collection. The whole
production system was subjected to economic
analysis to ascertain their benefit/cost ratio.

2.6 Statistical Analysis

Data on plants were processed with Microsoft
Excel 2010 and subjected to analysis of variance
(ANOVA) using Statistical Package for Social
Sciences (SPSS version 20.0). Treatment means
were separated using least significant difference
(LSD) approach at 5% significant level.

3. RESULTS

3.1 Basal and Post-harvest Soil Chemical
Properties

Pre-cropping and post-harvest soils samples
which  were analyzed for their chemical
properties were moderately and strongly acidic
going by the pH values. Soil samples evaluated
were also low in total nitrogen and organic
carbon content despite their moderateness in
available  phosphorus and exchangeable
potassium (Table 1).

3.2 Vegetative Growth, Yield and Yield
Components of Cotton

Height of cotton was not significantly (P=.51)
influenced by the combined effect of tillage
practice, fertilizer rate and intercropping system.
Similarly, the combined effect of tillage practice
and fertilizer rate (P=.27), tillage practice and
intercropping system (P=.35), and fertilizer rate
and intercropping system (P=.18) did not also
influence height of cotton significantly. Besides,
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individual factors of tillage practice (P=.10) and
intercropping system (P=.71) did not influence
plant height significantly. Notwithstanding, height
of cotton plants were significantly taller with
fertilizer treatment (P=.02). Cotton plants were
taller for ploughed plots supplied with 54-30-30
kg/ha NPK fertilizer rate in the absence of an
intercrop. Cotton plants increased in height with
time, while cotton-cowpea intercrop recorded the
shortest height. The height increment of cotton
was lowest at 12 to 16 weeks after planting
(WAP) contrary to the earlier successive trend of
height increase (Fig. 1).

Variation in boll number was not significant
(P=.49) as shown by the three-way interaction
effect. The combined effect of tillage practice and
fertilizer rate (P=.25), fertilizer rate and
intercropping system (P=.59), and tillage practice
with intercropping system (P=.68) did not equally
produce significant variation in boll number.
However, the sole factors of fertilizer rate (P=.01)
and tillage practice (P=.01) had varied effects on
boll number. Among the sole treatments, greater
variation in boll number was achieved under
ploughing, soybean intercrop and fertilizer
application rate at 54-30-30 kg/ha. In terms of
fertilizer rate, boll number was 37% higher with
plants supplied with 54-30-30 kg/ha fertilizer rate
(37) than the untreated fertilizer control rate (0-0-
0 kg/ha). In general, the control treatments
(direct seeding, 0-0-0 kg/ha fertilizer rate and the
absence of intercrop) least influenced boll
number determination. A mean boll number of 27
were produced per plant (Fig. 2a and 2b).

Differences in boll weight were not significant
(P=.39) for the three-way interaction of tillage
practice, fertilizer rate and intercropping system.
Similarly, significant differences were not
achieved among the two-way interaction effects
encompassing tillage practice and fertilizer rate
(P=.16), tillage practice and intercropping system
(P=.18) as well as fertilizer rate and intercropping
system (P=.49). On the contrary, fertilizer
application as a single treatment factor
significantly (P=.01) improved boll weight of
cotton. Heavier boll weights of cotton were
recorded on ploughed plots integrated with

Table 1. Effect of tillage practice, fertilizer rate and intercropping system on soil chemical
properties during the 2015 and 2016 cropping seasons

Sampling type (1:1.25 H,0) (%) (%) (mg/kg) (mg/kg)
pH oC N P K

Basal 5.64 0.07 0.09 11.24 10.87

Post-harvest 5.38 0.05 0.07 10.94 10.49




soybean and provided with 54-30-30 kg/ha
fertilizer rate. Boll weight was 12% higher under
54-30-30 kg/ha NPK fertilizer rate (4.77 Q)
compared with the 0-0-0 kg/ha NPK fertilizer
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(3.73 g) rate. Although soybean intercrop
supported heavier boll weight of cotton, it was
statistically similar compared to cowpea-cotton
intercrop (Fig. 3).

Mean Plant height (cm)

Fertilizer rate
(kg/ha)
- =009
—54-30-30

12
Weeks afrer planting

Fig. 1. Effect of fertilizer rate on plant height of cotton during the 2015 and 2016 cropping
seasons. Bars represent standard error of mean (SEM)
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Fig. 2. Effect of fertilizer rate (a) and tillage practice (b) on boll number of cotton during the
2015 and 2016 cropping seasons. Bars represent standard error of mean (SEM)
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Mean Boll weightiplant (g)

(=]

Fertilizer rate (kgiha)

54-30-30

Fig. 3. Effect of fertilizer rate on boll weight of cotton during the 2015 and 2016 cropping
seasons. Bars represent standard error of mean (SEM)

Seed yield of cotton did not vary significantly
(P=.29) under treatments involving tillage,
fertilizer rate and intercropping. In contrast, the
combined influence of tilage and fertilizer
(P=.03) for sole cotton affected seed yield of
cotton. Ploughing (1.05 t/ha) increased seed
yield of cotton by 10.60% compared with the
direct seeded treatment (0.85 t/ha). There was
also 35.78% increase in seed yield when cotton

plants were supplied with 54-30-30 kg/ha rate of
fertilizer (1.29 t/ha) compared with no fertilizer
application (0-0-0 kg/ha; 0.61 t/ha). Ploughed
plots treated with 54-30-30 kg/ha fertilizer rate
and soybean-cotton intercrop improved seed
yield of cotton (Fig. 4). The combined impact of
soybean-cotton intercrop, 54-30-30 kg/ha
fertilizer rate and ploughing supported maximum
seed yield of cotton.

1.0

Mean Cotton seed yield (tha)
if

£

Direct seeding

Tillage system

Fertilizer rate
(ka’ha)

Mo-o-0
B5430-30

1=

Ploughing

Fig. 4. Effect of fertilizer rate and tillage practice on cotton seed yield during the 2015 and 2016
cropping seasons. Bars represent standard error of mean (SEM)



3.3 Nodule Count
Effectiveness  of
Soybean Intercrops

Nodule
and

and
Cowpea

Interaction effect of tillage system and fertilizer
rate (P=.19) was not significant on cowpea and
soybean nodule count. In addition, the tillage
system established as sole treatment did not
influence nodule count significantly (P=.07).
However, fertilizer application rate significantly
(P=.04) influenced nodule count of cowpea and
soybean (Fig. 5). Among the individual factors,
ploughing and fertilizer rate at 54-30-30 kg/ha
resulted in higher nodule count. Comparatively
nodule count of soybean-cotton intercrop (99.0)
was 1.8% higher than that of cowpea-cotton
intercrop (95.50).

Ploughing and fertilizer application rate at 54-30-
30 kg/ha enhanced nodule formation in soybean
and cowpea. The combined effects of tillage
practice and fertilizer significantly (P=.01)
improved nodule formation in cowpea and
soybean under the intercropping systems (Fig.
6). Ploughing and 54-30-30 kg/ha rate of NPK
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application enhanced nodulation compared with
the other treatment combinations. Nodulation
(7.36%) was higher for experimental plots that
received 54-30-30 kg/ha fertilizer rate (54.18)
compared with 0-0-0 kg/ha fertilizer rate (46.82).
Similarly, ploughing (84.75) resulted in 4%
increase in nodule effectiveness compared with
the direct seeding (78.17) treatment.

3.4 Benefit/Cost Analysis

Economic analysis on the productivity of cotton
indicated that the combined effect of ploughing,
54-30-30 kg/ha fertilizer rate and soybean-cotton
intercropping produced the highest benefit/cost
ratio (2.4). Their combined influence ensured a
profit of GH¢ 2258.00 (Table 2). Intercropping
system involving cowpea-cotton combined with
ploughing and fertilizer application (54-30-
30 kg/ha) recorded the second highest
benefit/cost ratio (2.3), indicating a profit
margin of GH¢ 2143.00. However, least
benefit/cost ratio (1.3) was achieved when cotton
was seeded directly without fertilizer and an
intercrop.

Fertilizer rate (kg/ha)

000 54-30-30
100
—r ==
w80
[
=
£ %4
g o] o %
o
-
3
° b |
D —
= 40
=
o
@
=
zﬂ—|
I I I
Cowpea intercrop Soybean intercrop Cowpea intererop Soybean imtercrop

Intercropping system

Fig. 5. Nodule count of cowpea and soybean as affected by fertilizer rate during the 2015 and
2016 cropping seasons. Bars represent standard error of mean (SEM)
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Fig. 6. Nodule effectiveness of cowpea and soybean as affected by fertilizer rate and tillage
practice during the 2015 and 2016 cropping seasons. Bars represent standard error of mean
(SEM)

Table 2. Benefit/cost analysis on the productivity of cotton as affected by tillage practice,
fertilizer rate and intercropping system in the Guinea Savanna Agroecology, Ghana. Data
gathered during the 2015 and 2016 cropping seasons. Bars represent standard error of mean

(SEM)
Operation input Expenditure/ha Income/ha (GH¢) Profit/ha (GH¢) Benefit/cost
(GH¢) ratio

Ds+Fo+lg 785 1031 246 1.3
Ds+Fo+l, 965 1321 356 14
Ds+Fo+lg 975 1352 377 14
Ds+F4+lg 1145 1895 750 1.7
Ds+Fq+l, 1335 2385 1050 1.8
Ds+Fq+lg 1345 2447 1102 1.8
P+Fo+lg 1110 1744 634 1.6
P+Fo+l, 1290 2134 844 1.7
P+Fo+lg 1300 2206 906 1.7
P+F 1+l 1470 3093 1623 2.1
P+F +l. 1650 3793 2143 2.3
P+F+lg 1660 3918 2258 2.

Ds+Fo+lp = Direct seeding + 0-0-0 kg/ha fertilizer rate + No intercrop, Ds+Fo+l. = Direct seeding + 0-0-0 kg/ha
fertilizer rate + Cowpea intercrop, Ds+Fo+ls = Direct seeding + 0-0-0 kg/ha fertilizer rate + Soybean intercrop,
Ds+F1+lp = Direct seeding + 54-30-30 kg/ha fertilizer rate + No intercrop, Ds+F+I; = Direct seeding + 54-30-30
kg/ha fertilizer rate + Cowpea intercrop, Ds+F1+ls = Direct seeding + 54-30-30 kg/ha fertilizer rate + Soybean
intercrop, P+Fo+lp = Ploughing + 0-0-0 kg/ha fertilizer rate + No intercrop, P+Fo+l. = Ploughing + 0-0-0 kg/ha
fertilizer rate + Cowpea intercrop, P+Fo+ls = Ploughing + 0-0-0 kg/ha fertilizer rate + Soybean intercrop, P+F+lp =
Ploughing + 54-30-30 kg/ha fertilizer rate + No intercrop, P+F1+I. = Ploughing + 54-30-30 kg/ha fertilizer rate +
Cowpea intercrop, P+F+ls = Ploughing + 54-30-30 kg/ha fertilizer rate + Soybean intercrop



4. DISCUSSION

The reduction in post-harvest soil chemical
properties in comparison with the baseline soil
chemical properties is evident that the cotton and
the intercrops (cowpea and soybean) were able
to utilize the nutrient elements in the soil to
ensure increase in growth and yield. Although
cotton is a short term crop, it is known to have
high nutrient use-efficiency [28,29], an incidence
which might have resulted in the differences in
soil chemical properties.

In response to varied management practices,
plant height is considered a major component in
vegetative growth assessment. Height of cotton
as influenced by the 54-30-03 kg/ha fertilizer rate
is a reflection that mineral fertilizers significantly
improve crop growth and development, making
them an indispensable component in cotton
production [30]. Maximum assimilation of
fertilizer by cotton has been expressed to
influence growth with translated impact on yield
improvement [31]. The stimulation of growth as
influence by the 54-30-30 kg/ha fertilizer
application rate could be due to increase in
nitrogen element present which was suitable in
meeting the N requirement of the plant. As
indicated, higher N application rate in cotton
production promotes vigorous and rapid
vegetative growth [32,33]. Research has also
confirmed the optimization of nitrogen to increase
N-use efficiency among intercropping system
[29]. Increase in plant height in response to
higher levels of nitrogen has been confirmed in
the studies of [34] and [35] in maize production.
They asserted that phonological characteristics
improvement in crops is facilitated by increase in
N rate. Besides, least height of cotton among
experimental plots which did not receive
chemical fertilizer treatment (0-0-0 kg/ha fertilizer
rate) could possibly be a reflection of less
sufficient utilization of nutrients by the crop [36].
Although plant height is pre-determined
genetically [37], yet lack of chemical fertilizer
treatment might have affected the growth of
cotton. As reported also, cotton contains about
22.71t025.0kg N bale™ [38] of which a deficiency
in N may reduce vegetative and reproductive
growth coupled with premature senescence [39].
The impact of ploughing to have produced taller
plants might be due its profound role in providing
catchment area for precipitation and allowing
seedling roots to extend further into the soail
profile where moisture and available nutrients are
deposited [40]. [8] described ploughing to
improve the survival and growth of crops by
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breaking up hardpans and impervious soil layers
which encourages root growth area for deeper
root development. The absence of intercrop to
have influenced plant height might be due the
absence of competition for nutrients and
water resources which might have
compensated for the improved growth of the sole
cotton.

Yield and yield components were generally
enhanced by ploughing, soybean integration and
the application of 54-30-30 kg/ha fertilizer rate.
However, soil fertility stress might have resulted
in least boll number, boll weight and seed yield
prior to the combined impact of the untreated
controls. It is known that supplying growing crops
with optimal nutrients improve yield significantly.
In this study, optimal nutrients were curtailed
from the chemical fertilizer and the leguminous
intercrops whose combination might have
provided a balanced nutrient requirement for the
component crop. Similarly, the existing soll
nutrient in view of the two-year antecedent period
of fallow might have contributed to the
improvement of soil nutrient [41]. This result is in
line with the assertion made by [42] and [8] who
were of the view that optimal quantities of
nutrients received from balanced macro and
micronutrient doses improves crop yield
significantly. Cotton response to nitrogen
ascertained from the leguminous intercrops and
the chemical fertilizer elements (N, P, and K)
might have reflected the early boll fill (data not
shown) which consequently resulted in the higher
boll number. This result is in agreement with the
findings of [43] and [44], who observed that
excess nitrogen promotes vegetative growth
often at the expense of ensuring reproductive
development, especially at bloom or at early boll-
fill stage, laying emphasis on the use of NPK and
cover crops in their experimental setup. Increase
in boll number and heavier boll weight achieved
on the use of the leguminous cover crops might
be due to late planting of the cover crops as
intercrops which might have enabled the cotton
to utilise existing environmental resources (light,
water and nutrients) sufficiently before the
introduction of the cover crops. Greater response
to yield and yield components promoted by the
intercrops other than the sole cotton plants might
be due to the overlap of cotton and cover
cropping growth cycles. This effect might have
occurred in resonance to higher light capturing
by the intercrops as compared to the sole cotton
[45]. Cover crops used as intercrops have been
delved into as a system which keeps the soil
covered and possess higher smothering effect



against weeds coupled with pest reduction
incidence. The involvement of cover crops in a
cropping system actively improves soil tilth,
aeration, organic matter and organic carbon
content due to their proliferation of root biomass
[46]. It is also established that crops that differ in
the utilization of environmental resources can
complement each other and make better use of
combined resources than when they are grown
separately [47]. Kebebew et al. [48] reported
higher cotton yield among intercrops whereas
[49] reported a reduction instead. The combined
impact of 54-30-30 kg/ha fertilizer rate, ploughing
and soybean intercrops resulted in higher
production cost and profit. The above statement
is however not justifiable enough to warrant a
concrete conclusion if the assertion of [50] is to
be considered. They emphasized that the higher
the production cost, the higher the profit and vice
versa.

5. CONCLUSIONS

Yield improvement of cotton and efficiency in
resource utilization in the Guinea Savanna agro-
ecological zone of Ghana can best be realized
on account of suitable management practices
involving tillage, fertilizer recommendation rate
and intercropping system. The results of the
study indicated that cotton responded differently
to the varied treatments (tillage practice, fertilizer
rate and intercropping system) evaluated. Seed
yield was maximized under ploughed experiment
plots compared with directly seeded plots. The
NPK (compound fertilizer) application rate at 54-
30-30 kg/ha improved cotton growth, yield and
yield components. In terms of intercropping
system, cotton plants were taller under sole crop
treatment due to lack of interspecific competition
between the intercrops and cotton
plants, whereas boll number, boll weight and
seed yield were higher under cowpea and
soybean integration. Seed yield performance of
cotton was 35.8% higher prior to the influence
of the recommended chemical fertilizer (54-30-30
kg/ha) than the untreated fertilizer rate (control:
0-0-0 kg/ha). Although intercrops were
not directly provided with chemical fertilizer,
nodulation count and effectiveness of soybean-
cotton and cowpea-cotton were improved under
ploughed experimental plots treated
with 54-30-30 kg/ha fertilizer rate.
The combined impact of 54-30-30 kg/ha fertilizer
rate, ploughing and soybean intercrops resulted
in higher production cost and profit for
cotton.

10

Ghanney et al.; JEAI, 41(6): 1-13, 2019; Article no.JEAI.52399

ACKNOWLEDGEMENT

The authors of this study are much grateful for
the financial support provided by the Integrated
Water and Agricultural Development (IWAD).
Authors in a similar gesture are much thankful to
farmers in Yagaba community for their immense
participation during the field studies.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Bado VB, Bationo A. Integrated

Management of Soil Fertility and Land
Resources in  Sub-Saharan  Africa:
Involving Local Communities. Advances in
Agronomy. 2018;1-33.

Ten Berge HFM, Hijbeek R, van Loon MP,
Rurinda J, Tesfaye K, Zingore S,
Craufurde P, van Heerwaardenb J,
Brentrup F, Schrodera JJ, Boogaardg HL,
de Grootgvan HLE, lttersum MK. Maize
crop nutrient input requirements for food
security in sub-Saharan Africa. Global
Food Security. 2019;23:9-21.

Xu J, Han H, Ning T, Li Z, Lal R. Long-
term effects of tilage and straw
management on soil organic carbon, crop
yield, and yield stability in a wheat-maize
system. Field Crops Research. 2019;233:
33-40.

Da Luz FB, da Silva VR, Kochem
Mallmann FJ, Bonini Pires CA, Debiasi H,
Franchini JC, Cherubin MR. Monitoring soll
quality changes in diversified agricultural
cropping systems by the Soil Management
Assessment Framework (SMAF) in
southern Brazil. Agriculture, Ecosystems
and Environment. 2019;28:100-110.

Zhang Y, Wang R, Wang H, Wang S,
Wang X, Li J. Soil water use and crop yield
increase  under different  long-term
fertilization practices incorporated with
two-year tillage rotations. Agricultural
Water Management. 2019;221:362-370.
Shahzad M, Farooq M, Hussain M. Weed
spectrum in  different  wheat-based
cropping systems under conservation and
conventional tillage practices in Punjab,
Pakistan. Soil Tillage and Research. 2016;
163:71-79.



10.

1.

12.

13.

14.

15.

Wasaya A, Tahir M, Ali H, Hussain M,
Yasir TA, Sher A, ljaz M, Sattar A.
Influence of varying tillage systems and
nitrogen application on crop allometry,
chlorophyll contents, biomass production
and net returns of maize (Zea mays L.).
Soil and Tillage Research. 2017;170:18-
26.

Kugbe JX, Addai IK, Asekabta KA.
Intercropping and Fertilizer Rate
Combinations Impact on Maize (Zea Mays
L.) and Soybean (Glycine Max L (Merill))
Productivity: The Case Study in the
Guinea Savannah Agro-Ecological Zone of
Ghana. Journal of Agriculture and Crops.
2019; 6:87-99.

Rong L, Duan X, Zhang G, Gu Z, Feng D.
Impacts of tillage practices on ephemeral
gully erosion in a dry-hot valley region in
southwestern China. Soil and Tillage
Research. 2019;187;72-84.

Li L, Timan D, Lambers H, Zhang FS.
Plant diversity and overyielding: in-sights
from belowground facilitation of
intercropping in agriculture. New
Phytologist. 2014;203:63-69.

Liu Y, Shi G, Mao L, Cheng G, Jiang S, Ma
X, An L, Du G, Collins Johnson N, Feng H.
Direct and indirect influences of 8 yr of
nitrogen and phosphorus fertilization on
Glomeromycota in an alpine meadow
ecosystem. New Phytologist. 2012;194(2):
523-535.

Fu Z, Zhou L, Chen P, Du Q, Pang T,
Song C, Wang X, Liu W, Yang W, Yong T.
Effects of maize-soybean relay
intercropping on crop nutrient uptake and
soil bacterial community. Journal of
Integrative Agriculture. 2019;18(9):2006-
2018.

Grant CA, Peterson GA, Campbell CA.
Nutrient considerations for diversified
cropping systems in the northern Great
Plains. Agronomy Journal. 2002;94(2):186-
198.

Wang S, Yang L, Su M, Ma X, Sun Y,
Yang M, Zhao P, Shen J, Zhang FZ,
Goulding K, Shi X, Liu X. Increasing the
agricultural, environmental and economic
benefits of farming based on suitable crop
rotations and optimum fertilizer
applications. Field Crops Research. 2019;
240:78-85.

Morgan SN, Mason NM, Levine NK, Zulu-
Mbata O. Dis-incentivizing sustainable
intensification? The case of Zambia's

11

Ghanney et al.; JEAI, 41(6): 1-13, 2019; Article no.JEAI.52399

16.

17.

18.

19.

20.

21.

22.

23.

24.

maize-fertilizer subsidy program. World
Development. 2019;122:54-69.

Adzawla W, Fuseini J, Donkoh SA.
Estimating technical efficiency of cotton
production in Yendi Municipality, Northern
Ghana. Journal of Agriculture and
Sustainability. 2013;4(1):115-140.
Amouzou KA, Naab JB, Lamers JPA,
Borgemeister C, Becker M, Viek PLG.
CROPGRO-Cotton model for determining
climate change impacts on yield, water-
and N-use efficiencies of cotton in the Dry
Savanna of West Africa. Agricultural
Systems. 2018;165:85-96.

Boafo YA, Balde BS. Saito O, Gasparatos
A, Lam RD, Ouedraogo N, Chamba E,
Moussa ZP. Stakeholder perceptions of
the outcomes of reforms on the
performance and sustainability of the
cotton sector in Ghana and Burkina Faso:
A tale of two countries. Cogent Food and
Agriculture. 2018;4(1):1-27.

Baffes J. Cotton market setting, trade
policies, and issue. World bank policy
research working paper 3218; 2004.
Washington DC.

[Accessed 15 October 2006]
Available:http://www.wds.worldbank.org/se
r/elt/WDScontentserverpdf.

Dietz T, Millar D, Dittoh S, Obeng F, Ofori-
Sarpong E. Climate and livelihood change
in North East Ghana. In: The impact of
climate change on drylands. Springer,
Dordrecht; 2004.

Kugbe JX, Mathias F, Desta TL, Denich M,
Vlek PL. Annual vegetation burns across
the northern savanna region of Ghana:
period of occurrence, area burns, nutrient
losses and emissions. Nutrient
Cycling in Agroecosystems. 2012;93(3):
265-284.

Nanang DM. Suitability of the normal, log-
normal and weibull distributions for fitting
diameter distributions of neem plantations
in northern Ghana. Forest Ecology and
Management. 1998;103:1-7.

McLean EO. Soil pH and lime requirement.
In Page AL, Miller RH, Keeney DR eds.
Methods of Soil Analysis, Part 2: Chemical
and microbiological properties 2nd ed.
Madison, Wisconsin USA: American
Society of Agronomy and Soil Science
Society of America; 1982.

Bremner JM. Total nitrogen. In Methods of
soil analysis. Part 3 - Chemical methods.
DL. Sparks ed. Soil Science Society of



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

America Book Series,
1996.

Walkley A, Black IA. An examination of the
Degtjaref method for determining soil
organic matter, and a proposed
modification of the chronic acid titration
method. Journal of Soil Science. 1934;
37:2-11.

Bray RH, Kurtz LT. Determination of total
organic and available forms of phosphorus
in soils. Soil Science. 1945;59:39-45.
Chapman HD. Cation exchange capacity.
In Black CA, Evans DD, White JL,
Ensminger, LE, Clark FE eds. Methods of
soil analysis, Part 1. Physical and
mineralogical properties, including
statistics of measurement and sampling.
American Society of Agronomy, Inc; 1965.
Rochester 1J, Constable GA.
Improvements in nutrient uptake and
nutrient use-efficiency in cotton cultivars
released between 1973 and 2006. Field
Crops Research. 2015;173:14-21.

Du X, Chen B, Zhang Y, Zhao W, Shen T,
Zhou Z, Meng Y. Nitrogen use efficiency of
cotton (Gossypium hirsutum L.) as
influenced by wheat-cotton cropping
systems. European Journal of Agronomy.
2016;75:72-79.

Khaliqg A, Abbasi M, Hussain T. Effects of
integrated use of organic and inorganic
nutrient sources with effective
microorganisms (EM) on seed cotton yield
in Pakistan. Bioresource Technology.
2006;97(8):967-972.

Yang G, Tang H, Tong J, Nie Y, Zhang X.
Effect of fertilization frequency on cotton
yield and biomass accumulation. Field
Crops Research. 2012;125:161-166.

Mia S, Singh B, Dijkstra FA. Aged biochar
affects gross nitrogen mineralization and
recovery: a15N study in two contrasting
soils. Global Change Biology Bioenergy.
2017;9:7.

Nguyen TTN, Xu CY, Tahmasbian I, Che
R, Xu Z, Zhou X, Wallace HM, Bai SH.
Effects of biochar on soil available
inorganic nitrogen: A review and meta-
analysis. Geoderma. 2017;288:79-
96.

Akbar H, Jan M, Jan MT, |hsanullah. Yield
potential of sweet corn as influenced by
different levels of nitrogen and plant
population. Asian Journal of Plant
Sciences. 2002;1(6):631-633.

Rasheed M, Mahmood T, Nazir MS, Bhutta
WA, Ghaffar A. Nutrient efficiency and

Madison, USA;

12

Ghanney et al.; JEAI, 41(6): 1-13, 2019; Article no.JEAI.52399

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

economics of hybrid maize under different
planting methods and nutrient levels.
International Journal of Agriculture and
Biology. 2004;6(5):922-925.

Stamatiadis S, Tsadilas C, Schepers JS.
Ground-based canopy sensing for
detecting effects of water stress in cotton.
Plant and Soil. 2010;331(1):277-287.

Li D, Wang X, Zhang X, Chen Q, Xu G, Xu
D, Wang C, Liang Y, Wu L, Huang C, Tian
J. The genetic architecture of leaf number
and its genetic relationship to flowering
time in maize. New Phytologist. 2016;
210(1):256-268.

Unruh BL, Silvertooth JC. Comparisons
between an upland and a pima cotton
cultivars: Il.  Nutrient uptake and
partitioning. Agronomy Journal. 1996;
88(4):589-595.

Islam MK, Akhteruzzaman M, Ullah MS.
Effect of poultry manure and inorganic
fertilizer on the productivity of cotton.
Journal of Agroforestry and Environment.
2013;7(1):31-36.

Osunbitan JA, Oyedele DJ, Adekalu KO.
Tillage effects on bulk density, hydraulic
conductivity and strength of a loamy sand
soil in southwestern Nigeria. Soil and
Tillage Research. 2005;82(1):57-64.
El-Zahi ES, Arif SA, Jehan BA, Madeha
EH. Inorganic fertilization of cotton field-
plants in relation to sucking insects and
yield production components of cotton
plants. Journal of American Science. 2012;
8(2):509-517.

Zubillaga MM, Aristi JP, Lavado RS. Effect
of phosphorus and nitrogen fertilization on
sunflower (Helianthus annus L.) nitrogen
uptake and yield. Journal of Agronomy and
Crop Science. 2002; 188(4):267-274.
Howard DD, Gwathmey CO, Essington
ME, Roberts RK, Mullen MD. Nitrogen
fertilization of no-till cotton on loess-
derived soils. Agronomy Journal. 2001;
93(1):157-163.

Girma K, Teal RK, Freeman KW, Boman
RK, Raun WR. Cotton lint yield and quality
as affected by applications of N, P, and K
fertilizers. Journal of Cotton Science. 2007;
1:12-19.

Gou F, Van Ittersum MK, Simon E,
Leffelaar PA, van der Putten PEL, Zhang
L, Vander Werf W. Intercropping wheat
and maize increases total radiation
interception and wheat RUE but lowers
maize RUE. European Journal of
Agronomy. 2017;84:125-139.



46.

47.

48.

Cong W, Hoffland E, Li L, Six J, Sun J,
Bao X, Zhang F, Vander Werf W.
Intercropping enhances soil carbon and
nitrogen. Global Change Biology. 2015;
21:1715-1726.

Willey RW. Resource use in intercropping
systems. Agricultural Water Management.
1990;17(1):215-231.

Kebebew S, Belete K, Tana T. Productivity
evaluation of maize-soybean intercropping

49.

50.

Ghanney et al.; JEAI, 41(6): 1-13, 2019; Article no.JEAI.52399

system under rainfed condition at Bench-
Maiji Zone, Ethiopia. European
Researcher.2014;7:1301-1309.
Jayakumar M, Surendran U. Intercropping
and balanced nutrient management for
sustainable cotton production. Journal of
Plant Nutrition. 2016;40(5):632-644.
Adegeye AJ, Dittoh JS. Essentials of
agricultural economics. Impact Publishers
Nigeria Limited. 1985;164-177.

© 2019 Ghanney et al.; This is an Open Access article distributed under the terms of the Creative Commons Afttribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/52399

13



