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ABSTRACT
Maize is a key cereal which contributes to food security with an ever‑growing demand in Africa. Therefore,

production must be continuously increased to meet demand. One way to achieve increased production is to use
improved varieties and soil amendments to enhance productivity. However, the usage of these inputs is low in
sub‑Saharan Africa including Ghana. To contribute to the literature on the economics of applying soil amendments,
especially from season to season, on‑farm trials were undertaken in the coastal savannah and semi‑deciduous for‑
est zones of Ghana to demonstrate proϐitability of adopting improvedmaize varieties and soil amendments. Partial
budgeting techniques were employed to compute net beneϐits and marginal rates of return resulting from a shift
in strategy from farmer practice to the use of improved maize varieties and soil amendments. Signiϐicantly higher
yields were obtained with the improved technologies. Maize plants on the sole inorganic fertilizer had signiϐicantly
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(P < 0.05) higher grain yields for all varieties in the two agro‑ecological zones in the major season. In the minor
season however, grain yields of maize on the combined treatment of inorganic fertilizer + goat manure was signif‑
icantly (P < 0.05) higher than the rest of the soil amendments for all varieties in both agro‑ecological zone. The
fertilizer +manure combination yielded the highest net income in both themajor andminor seasons. Themarginal
rates of return for the shift from farmer practice to soil amendments were highest for the fertilizer + manure com‑
bination, irrespective of the maize variety and agro‑ecological zone. However, the marginal rates of return were
minimal for the local maize variety (landrace). In the minor rainy season, net beneϐit was greater with soil amend‑
ment application thanwith reliance on residual nutrients from the previous season. Thus, residual soil amendment
effects alone cannot sustain maize yields and proϐitability‑ soil amendments need to be applied continuously.
Keywords: Economic Analysis; Ghana; Maize; Marginal Rate of Return; Partial Budgeting; Soil Amendments

1. Introduction
Numerous poor households in Ghana cultivate

Maize (Zea mays L.) as their main source of food, with
per capita consumption of more than 45 kg/year [1]. It
is a widely cultivated and utilized cereal crop [2] that ac‑
counts for more than a ϐifth of the income obtained by
the Ghanaian smallholder farmer [3]. This makes maize
a prominent crop in the socio‑economic lives of small‑
holder farmers in Ghana, even though its productivity
is low and substantially less than the mean for Africa
sub of the Sahara [4]. Technical, sociocultural, socioe‑
conomic, and biophysical factors have been identiϐied
as major constraints limiting maize productivity among
small‑scale farmers in parts of southern Ghana [5]. Low
adoption of improved varieties and soil amendments by
themajority of farmers are key technical factors limiting
maize production [5].

Fertilizer application in crop production is low in
Ghana and is just about 8 kg per hectare [6] despite the
fact that soil nutrient loss in Africa is among the high‑
est [7]. Although Ghanaian smallholder farmers know
the beneϐit of using inorganic fertilizers, the high prices
of fertilizers as well as low prices of farm produce
limit their acquisition and use [8]. According to Ragasa,
Chapoto [2], the forest areas had the lowest fertilizer
adoption rates. The average fertilizer application rate
in 17% of the forest areas under maize were 27 kg, 16
kg and 16 kg per hectare for N, P and K respectively.
The maize area was higher in the coastal savannah zone
(37%) just as the average fertilizer application rate of 29
kgN, 17 kgP and17 kgKper hectare [2]. However, the rec‑

ommended rates in Ghana were much higher; 90 kg, 60
kg, 60 kg per hectare of NPK respectively [9]. This implies
that there could be a big gap between potential yield lev‑
els and yields that are actually obtainedwith the existing
rates of fertilizer application.

An increase in maize productivity requires in‑
creased use of sustainable strategies, including applica‑
tion of mineral fertilizers, compost and improved plant‑
ing materials use [10] as well as improved agronomic
practices that could contribute to raising maize yields.
Naturally pollinatedmaize varieties yield more than lan‑
draces [11, 12]. When landraces are replaced with im‑
proved naturally pollinated varieties, grain yields in‑
crease two‑fold [13]. Furthermore, the importance of
inorganic fertilizers in maize production cannot be
overemphasized; the use of mineral fertilizers in some
parts of Kenya resulted in increases in maize yield ris‑
ing by 63% [14]. Additionally, animal manure usage
in crop farming is known to boost fertility and conse‑
quently plant yields. In crop‑livestock farming, the use
of available animal manure on crop farms has improved
yields [15]. Plots with animalmanure have been reported
to have higher average maize yields than those without
animal manure [16]. Therefore, animal manure can be
used to increase maize yields when available. Moreover,
according to Sanginga [17], using inorganic or organic soil
amendments alone leads to less beneϐit than using them
together. The combined use of the amendments im‑
proves the biological and physico‑chemical properties of
the soil. Thus, on farm trials were conducted to demon‑
strate the yield effects of applying soil amendments.

Nevertheless, higher yields arising from the adop‑
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tion of improved strategies may not necessarily lead
to higher proϐits in maize production, which could
hinder the adoption of improved practices. Although
maize is said to contribute to the earnings of Ghana‑
ian smallholders, information about change in proϐitabil‑
ity of maize produced with inorganic fertilizers, organic
amendments, and their combination is scarce. There‑
fore, evidence of proϐit improvements emanating from
the use of these soil amendments can encourage their
usage in maize production, thereby improving produc‑
tivity. Moreover, within the forest and coastal belts, rain‑
fall is bimodal, presenting opportunities for double crop‑
ping of maize each year, without irrigation. The ϐirst pe‑
riod of rains (April to July) is followed by a second pe‑
riod of rains (September–November). Some farmers ap‑
ply soil amendments solely in the ϐirst period (consid‑
ered to be themain raining season.). However, in the sec‑
ond period, residual nutrients carried over from the ϐirst
period may not be sufϐicient to maintain the improved
yield and proϐit levels achieved during the ϐirst season.
Some studies on the proϐitability of using integrated soil
fertility management in maize production relate to spe‑
ciϐic geographical regions such as the forest zone [18] and
Guinea savannah zone [19]. Using partial budgeting, a
tool that captures the change in net beneϐits or proϐits,
and marginal rate of return computations, other studies
have demonstrated the superiority of inorganic and or‑
ganic fertilizer combinations over inorganic or organic
amendments alone [20–23].

Here, we assessed the outcomes of soil improve‑
ment strategies onmaize production, as well as themag‑
nitude of these effects per variety. Additionally, we as‑
certained whether the remnants of the soil nutrients
added in the ϐirst season are sufϐicient to sustain pro‑
duction or whether continuous application is required.
Accordingly, the studies main objective was to conduct
an economic analysis on maize production using soil
amendments and different maize genotypes. The follow‑
ing are the speciϐic objectives:

1. to estimate the effect on net beneϐits arising from
the change of soil improvement strategy from
farmer practice to manure use, from manure use
to fertilizer‑manure use, and fertilizer‑manure
use to sole fertilizer use using three maize geno‑

types one at a time during themajor season in two
agro‑ecological zones.

2. to ascertain whether net beneϐit improvements
obtained in the major season from the use of ma‑
nure, fertilizer, or a combination of fertilizer and
manure could be sustained in the minor season
with residual soil nutrients (without re‑applying
these amendments in the minor season).

2. Materials and Methods

2.1. Soil Characteristics and Climate of the
Study Location

On‑farm participatory demonstrations with farm‑
ers were conducted on farmers’ ϐields in two districts,
one in the Central region representing the Coastal Savan‑
nah Zone (CSZ) and the other in the Eastern region rep‑
resenting the Semi‑deciduous Forest Zone (SDFZ). Three
communities were selected from each district. Table 1
presents the climate, physical and some soil characteris‑
tics of the study location.

Rainfall in the study location has two peaks with
one in themain raining season (April–July) and the other
in theminor season (September–November). A dry spell
occurs in August. Figure 1 presents a map of the study
locations.

Figure1. Parts of themapof Ghana showing the studydistricts
in the Central (CSZ) and Eastern (SDFZ) regions of Ghana.

2.2. Treatment/Experimental Design

The soil treatments in themajor seasonwere as fol‑
lows:
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Table 1. Soil type, physical properties and climate of study location.

Central Region Eastern Region

Districts Awutu Senya Akuapem North
Agro‑eco zone Coastal Savanna Semi‑deciduous forest
Soil Types (FAO. 1998) Dystric Leptosols and Haplic Lixisols Umbric Leptosols and Cambic Arenosols
Soil Texture Loamy Sand Sandy Loam
Soil PH 5.91–6.64 5.91–6.64
Rainfall >1000 mm 990 mm to 1650 mm
Relative Humidity 70% to 81% 70% to 90%
Temperature 21 and 34 ◦C 21and 34 ◦C

1. Treatment 1: NPK + Urea at 95, 37.5, 37.5 kgha−1

2. Treatment 2: 50% goat manure (2.5 tons ha−1) +
50% NPK + urea (47.5,18.75,18.75 kgha−1)

3. Treatment 3: Goat manure only at (5 tons ha−1)
4. Treatment 4: Control (Farmer practice‑No appli‑

cation of amendment)
These soil treatments were applied to three vari‑

eties of maize: Ahomatea, Obatanpa and Omankwa in
the major rainy season of 2017. The randomized com‑
plete block design (RCBD) was used and there were four
replications of each treatment. In the minor season, the
experimentwas carried out on the sameplots used in the
major season. This time each plot apart from the plot
with farmer practice (control) was split into two. One
half was used without any further amendments while
on the other half amendments were applied at the rates
used in the major season. Thus there were seven treat‑
ments for each of the maize varieties. A split plot design
was used and each treatment had four replications.

2.3. General Management

In both agro‑ecological zones, seeds of improved
genotypes, Omankwa and Obatanpa, were procured
from Crops Research Institute (CSIR‑CRI), Ghana. The
farmers provided the seeds of the local variety; Aho‑
matea. The plots measured 6.4 m × 5.6 m in the major
seasonand3.2m×5.6m in theminor season. In all cases,
the planting distance was 0.8 m × 0.4 m. The seeding
rate was 3 seeds per hill at a soil depth of 5 cm. Fourteen
days following germination, the seedlings were thinned
to 2 per hill. Thus the plant population became 62,500
plants per hectare. Planting was done in April 2017 dur‑
ing the main season and September 2017 during the mi‑
nor season.

Manure was applied at a designated spot one week
prior to sowing and contained 1.87 % total nitrogen,
1.51% total phosphorus and 0.62% total potassium. The
compound fertilizer NPK‑15‑15‑15 which contains 15%
N. 15%P, 15%Kwas applied to the side of the plants two
weeks after planting. Ureawas however applied 4weeks
after sowing and in order to prevent the exposure of fer‑
tilizer to direct sunlight and runoff, the soil was turned
a little to get the fertilizer beneath the soil. The combi‑
nation of urea applied at a rate of 125 kg ha−1 and the
compound fertilizer NPK applied at a rate of 250 kg ha−1

gave the 95 N, 37.5 P, 37.5 K kgha−1.as indicated in treat‑
ment 1. The manure provided 93.5 kg N ha−1, 75.5 kg P
ha−1 and 31 kg K ha when applied at the rate of 5 t ha−1.

Post emergence herbicide, Nicosulfuron 40 (Nicok‑
ing), was used to control weeds. This was applied four
and eight weeks after sowing, using a rate of 1.5L per
hectare. The active ingredient was Nicosulfuron and it
is a selective post‑emergence herbicide used to control
grass weeds and broad‑leaved weeds in maize ϐields. A
more comprehensive presentation of the materials and
methods can be found in Marfo‑Ahenkora, Taah [24].

2.4. Data Collection

2.4.1. Rainfall and Yield Data
Rainfall—The amount of rainfall on the farm for the

period of the experimentationwas collected by situating
conventional rain gauges at the trial location. A 10 year
rainfall data (2007–2017) for the study districts was col‑
lected from the Ghana Meteorological Agency (2017).

Figure 2 presents the average monthly rainfall dis‑
tribution for a ten year period in the study districts and
rainfall data collected at the study sites for CSZ and SDFZ
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respectively.

(a) (b)
Figure 2. Monthly distribution of average rainfall (mm) over
a 10 year period (2007–2017) in the study districts and the
study year (2017) rainfall (in locations) for CSZ (a) and SDFZ
(b) respectively.

Grain yields—When the cob turned light
brown/straw in colour, indicating that the plants had
dried, the maize was harvested from the plots. An area
of size 1m x 1m in the interior rows was demarcated.
Plant samples were then taken from these marked ar‑
eas. The grains were dried till a moisture of 14% was
reached. Themoisturemeter used was John Deere Mois‑
ture Chek plus. Weights of the dry grainsweremeasured
and recorded in kilograms per hectare (kgha−1).
2.4.2. Economic Data

The market prices of inputs at the time of planting
and outputs at harvest were obtained from the commu‑
nities of the trial farms. Maize yieldswere obtained from
experimental farms as described earlier.
2.4.3. Analysis of Data

Yield data analysis—Differences in the mean of
yields for the various treatment were analysed using
ANOVA. The data was ϐirst analysed separately for each
Agro‑ecological zone and then for the two zones to‑
gether. The LSDwas used to separatemeans at the signif‑
icance level of 5%. The Genstat software (12th edition,
GenStat 2009) was used for the analysis.

2.4.4. Economic Analysis—Partial Budget‑
ing

Given that there are statistically signiϐicant yield
differences among treatments, one canproceedwithpar‑
tial budgets. If there are no signiϐicant yield differences
among treatments, then computing differences in cost

among treatments sufϐices (see for instance, [25]).
Partial budgets are used to measure the effect on

net beneϐit or proϐit arising from a small change in farm
business [26–28]. In tracking change in net beneϐit due
to a change in technology, only incomes and costs that
change or vary need to be captured. Incomes and costs
that remain ϐixed irrespective of the change cancel out
when change in net beneϐit is computed. The decision
to effect the small change or not (for instance, invest in
a new technology) could be assessed using whole farm
or complete budgets. However, doing so will mean in‑
vesting in time and effort to collect and analyse data that
would not inϐluence the decision [25, 28].

Let gross beneϐit be denoted by GB, total cost by
TC and net beneϐit by NB. Then change in net beneϐit
can be expressed as follows:

∆NB = ∆GB − ∆TC (1)

Where ∆GB denotes change in total gross beneϐit, and
∆TC denotes change in total cost.

However, ∆TC = ∆TFC + ∆TV C

where ∆TFC denotes change in total ϐixed cost and
∆TV C denotes change in total variable cost. Accord‑
ingly, Equation (1) can be rewritten as

∆NB = ∆GB − ∆TFC − ∆TV C   (2)

Notably, ∆TFC = 0 since cost that are ϐixed do not
vary with change in technology. Therefore, Equation (2)
becomes

∆NB = ∆GB − ∆TV C (3)

A positive change in net beneϐit indicates improve‑
ment in net beneϐit or income resulting from the change
in technology.

Beyond the absolute change in net beneϐit, farm‑
ers or investors are concerned with the rate of return
on their investment. Farmers usually have to incur ad‑
ditional cost to adopt a new technology and therefore
compare this additional cost to the additional income
they get from the investment. The marginal rate of re‑
turn (MRR) provides one measure for this rate of re‑
turn. It is deϐined as the ratio of the change in net beneϐit
to change in total variable cost (Equation (4)) and may
be expressed as a percentage.

MRR =   ∆NB

∆TV C
(4)

43



Research onWorld Agricultural Economy | Volume 06 | Issue 01 | March 2025

The marginal rate of return also connotes the re‑
turn on a unit currency invested in the new technology
or change.

As indicated above, the net beneϐitswere computed
by subtracting the costs that vary for each treatment
from the gross beneϐits obtained from that treatment.
Costs that varied were related to the cost of the differ‑
ent maize varieties, the soil amendments (including fer‑
tilizer, manure, and their combinations), and labour re‑
quired for applying these inputs. The cost of inputs re‑
quired per hectare of land was computed based on the
prices prevailing at farm locations. Gross beneϐits were
computed by multiplying the price of harvested maize
at the farm level by the yield per hectare obtained from
each treatment. Average yield were computed for the
two recommendation domains (the Semi‑deciduous for‑
est and the Coastal savannah) each having farmers with
similar characteristics and circumstances so that the
same recommendation canapply to eachgroup [25]. How‑
ever, the yield was ϐirst adjusted to account for the fact
that the experimental results may differ from the farm‑
ers’ yield expectations. Such differences in yield may be
attributable to more precise and timely execution of op‑
erations on experimental plots, possible overestimation
of yields for entire plots from small plots because of er‑
rors in the measurement of harvest, and because small
plots may be more uniform [25].

The marginal rate of return (MRR) was computed
as the ratio of the additional beneϐit obtained from
switching from one amendment to another to the addi‑
tional cost incurred for switching. In the case of mul‑
tiple alternatives, the change is from one alternative to
the next more costly one. Thus, in this study, the MRR
was computed for switching from farmerpractices toma‑
nure use, manure use to combined fertilizer andmanure
use, and ϐinally combined fertilizer and manure use to
exclusive fertilizer use.

3. Results
Generally, the monthly average rainfall over10

years (Figure 2a,b) follows a similar leaning as the 2017
monthly average rainfall collected at the study location
in the CSZ. The monthly average rainfall values over 10

years appears to be slightly higher than the 2017 ϐig‑
ures. However, in some of the months (May and August)
the ϐigures were about same. Similarly, in the SDFZ, the
monthly rainfall trend was similar for both the ten year
average and the 2017 monthly rainfall values collected
at the study location. There are some months (March‑
May) inwhich the 2017 rainfall were slightly higher than
the 10 year average. After June, the 10 years average
rainfall appear to be slightly higher than that of 2017 val‑
ues collected at the study location but similar rainfall ϐig‑
ureswere recorded in 3 of themonths ( June, August and
November). Generally, the rainfall amount and distribu‑
tion in the study locations in 2017 are typical of the 10
year average values.

3.1. Grain Yield (Grains in kg ha−1)

3.1.1. Major Rainy Season
Plots with soil amendments applied, had signiϐi‑

cantly (P < 0.05) higher yields compared to plants on the
control plots for all the maize varieties and in both CSZ
and SDFZ. Within the varieties, plants on sole fertilizer
treatments had signiϐicantly (P<0.05) higher yields than
the rest of the soil amendments applied in both agro‑
ecological zones except for Ahomatea in the CSZ where
sole fertilizer treatment and the fertilizer +manure treat‑
ment were not signiϐicantly different (Figure 3).

Figure 3. Maize grain yields (kg ha−1) under different soil
treatments in the coastal savannah (CSZ) and semi deciduous
forest zones (SDFZ) in the major rainy season.
Fert + Manure = Inorganic Fertilizer + Manure

3.1.2. Minor Rainy Season
In the minor season, plants on the fertilizer + ma‑

nure treatment had signiϐicantly (P < 0.05) higher yields
than plots on which other soil improvement strategies
were employed for all maize varieties in both the CSZ
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and SDFZ. Plots with residual nutrients had signiϐicantly
(P < 0.05) lower yields than plots on which nutrients
were reapplied (Figure 4). Plots with soil amendments
either reapplied or residual had signiϐicantly (P < 0.05)
higher yields compared to plants on the control plots for
all the maize varieties and in both agro‑ecological zones.
Generally, there were signiϐicant differences (P < 0.05)
among the soil amendments within the maize varieties
(Figure 4).

A detailed presentation of the agronomic results
can be found in Marfo‑Ahenkora, Taah [24].

Figure 4. Maize grain yields (kg ha−1) under different soil
treatments in the coastal savannah (CSZ) and semi‑deciduous
forest zones (SDFZ) in the minor rainy season.
Control=farmer practice (no amendments applied); No fertilizer= Residual nutri‑
ent sole inorganic fertilizer; No Fert+ manure= Residual nutrients sole fertilizer +
Goat Manure; Nomanure= residual nutrient goat manure; Manure = Goat Manure;
Fertilizer= Inorganic Fertilizer; Fert+ manure= Inorganic fertilizer + Goat Manure

3.2. Net Beneϐit and Marginal Returns

3.2.1. Major Rainy Season
Table 2 shows gross proϐits, total variable cost, and

net income with the use of various soil amendments
across the three maize varieties in the semi‑deciduous
forest zone during the main rainy season. Also shown
are the marginal rate of return for switching from one
amendment to the other.

For each maize variety, the cost that varied was
highest with fertilizer, followed by the fertilizer—
manure combination, manure only, and farmer practice
(no soil amendment). For fertilizer use, the cost that var‑
ied were between 42% and 46 percent more than cost
that varied with fertilizer‑manure combination and be‑
tween 146–172 percent more than cost that varied with
manure. However, compared with farmer practice, the
cost that variedwith fertilizerwere between 1034%and
3445 percent more. In all cases, the cost differences
were larger with local (unimproved) seed use than with

improved seed use.
Irrespective of maize variety, gross beneϐit (proϐit)

was highest with fertilizer, followed by the fertilizer‑
manure combination, manure, and farmer practices.
However, the net beneϐit was highest with the fertilizer‑
manure combination, followed by fertilizer, manure, and
farmer practices. The net beneϐit with fertilizer was 4–5
percent less than that with fertilizer‑manure combina‑
tion, 3–14 percent more than net beneϐit with manure,
and 24–50 percent more than that with farmer practice.
In all cases, the net beneϐit (proϐit) was higher with im‑
proved seeds (Omankwa and Obatanpa).

The results for coastal savannah followed a similar
pattern (Table 2). Costs in the coastal savannah were
very similar to those in the semi‑deciduous forest zone.

Irrespective of the maize variety, the cost that var‑
ied was highest with fertilizer, followed by the fertil‑
izer – manure combination, manure only, and farmer
practice. The cost that varied were with fertilizer use
were between 42% and 46 percent more compared to
cost that variedwith fertilizer‑manure combination, and
146–172 (percent) more compared to cost that varied
with manure. However, costs that varied with fertil‑
izer use were between 1034 and 3445 percent more
than cost that varied with farmer practice. In all cases,
the cost differences were larger with local (unimproved)
seed use than with improved seed use.

Irrespective of the maize variety, gross proϐit was
highest with fertilizer, followed by the fertilizer‑manure
combination, manure, and farmer practices. However,
net income was the highest with the fertilizer‑manure
combination, followed by fertilizer, manure, and farmer
practices. The net beneϐit with fertilizer was between 4
and 10 percent less than that of fertilizer‑manure com‑
bination, it was between 11% and 17 percent more than
manure, and19%and51percentmore than farmerprac‑
tice. In all cases, the net proϐit was higherwith improved
seeds (Omankwa and Obatanpa).

Themarginal rates of return (MRR) ofmoving from
a lower‑cost soil amendment to one with the next high‑
est cost were calculated. The costs of the amendments
were highest for fertilizer alone, followed by fertilizer
plus manure, manure, and farmer practice.

Regardless of themaize variety used,moving toma‑
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Table 2. Marginal analysis, seed variety and soil amendments experiment in the semi‑deciduous and Coastal savannah zones
and major rainy season.

Semi‑Decidudous Forest Coastal Savannah

Seed Variety/Soil Amendment Gross
Beneϐit
(GhC)

CostThat
Vary
(GhC)

Net
Beneϐit
(GhC)

MRR (%) Gross
Beneϐit
(GhC)

CostThat
Vary
(GhC)

Net
Beneϐit
(GhC)

MRR (%)

Local
Farmer practice (control) 2637 30 2,607 2439 30 2,410
Manure 3528 391 3,137 147 2964 391 2,573 45
Fert + Manure 4138 727 3,411 81 3922 727 3,195 185
Fertilizer 4310 1,064 3,246 −49 3933 1,064 2,869 −97
Obatampa
Farmer practice (control) 3235 100 3,195 3027 100 2,927
Manure 4425 461 3,964 213 4198 461 3,737 224
Fert + Manure 5805 797 5,007 310 5473 797 4,676 279
Fertilizer 5921 1,134 4,787 −65 5637 1,134 4,503 −51
Omankwa
Farmer practice (control) 3311 100 3,211 3085 100 2,985
Manure 4696 461 4,235 284 4340 461 3,879 248
Fert + Manure 5843 797 5,046 241 5525 797 4,728 253
Fertilizer 5963 1,134 4,829 −64 5654 1,134 4,520 −6280

Note: Fert = fertilizer
Note: In 2017, 1 U.S dollar was equivalent to 4.35 Ghana Cedis (GhC).

nure from farmer practice, in the semi deciduous forest
elicited marginal rate of return of over 100% in the ma‑
jor season.

For the local seed, moving from farmer practice (no
soil amendment) to the use of manure elicited an MRR
of 147 percent. Changing from manure to a combina‑
tion of fertilizers andmanure further increased theMRR
by 81 percent. However, a change in amendment from
the combination of manure and fertilizer to sole fertil‑
izer elicited a reduction in net beneϐits, thereby making
MRR negative (Table 2).

The Marginal Rate of Return (MRR) increased for
all maize varieties when the amendment was changed
from farmer practice to manure and from manure to a
combination of fertilizer and manure in the coastal belt.

However, it became negative when the amendment
was switched from manure plus fertilizer to fertilizer
only. The MRR was highest with fertilizer plus manure
and over 200 percent with the Obatanpa and Omankwa
seed varieties. The MRR with local (unimproved) seeds
was the lowest and under 200 percent (Table 2).
3.2.2. Minor Rainy Season

Table 3 shows minor season gross income, total
variable cost, and net income for residual fertilizer, resid‑
ual fertilizer and manure combination, residual manure,
and repeated use of farmer practices, manure, com‑

bined fertilizer and manure, and fertilizer in the semi‑
deciduous forest zone and the coastal savannah zone.

For the semi‑deciduous zone, costs of soil amend‑
ments and seeds in the minor season were the same as
those in the major rainy season.

Gross proϐits were highest for repeated soil amend‑
ments, fertilizer, fertilizer‑manure combination, andma‑
nure, followed by residual soil amendments and farmer
practices. For repeated soil amendments, gross proϐit
was highest with the fertilizer‑manure combination, fol‑
lowed by fertilizer and manure. A similar pattern was
obtained for net proϐits, where net proϐits with repeated
soil amendments were higher than those with residual
soil amendments, and that with farmer practice was the
least.

The net beneϐit with repeated fertilizer was 17–37
percentmore than the net beneϐit with residual fertilizer.
The net beneϐit with repeated fertilizer–manure combi‑
nationwas30–46percentmore than thenet beneϐitwith
residual fertilizer–manure combination. The net beneϐit
with repeated manure was 7–26 percent more than the
net beneϐit with residual manure application.

Compared to farmer practices, net beneϐits with
repeated soil amendments were 26–53 percent, 40–66
percent, and 21–46 percent more for fertilizer, fertilizer
– manure combination, and manure, respectively.
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In addition, for coastal savannah zone, the cost
of the minor season’s soil improvement strategies and
seeds were same as those in the major season.

Gross proϐits were highest for repeated soil amend‑
ments, fertilizer, fertilizer‑manure combination, andma‑
nure, followed by residual soil amendments and farmer
practices. For repeated soil amendments, the gross
proϐit was highest with the fertilizer‑manure combina‑
tion, followed by fertilizer and manure. Again, net prof‑
its follow a pattern similar to that of gross proϐits. Net
proϐitswith repeated soil amendmentswere higher than
those with residual soil amendments, and those with
farmer practices were the lowest (Table 3).

The net beneϐit with repeated fertilizer was 11–38
percentmore than the net beneϐit with residual fertilizer.
The net beneϐit with repeated fertilizer–manure combi‑
nationwas24–49percentmore than thenet beneϐitwith
residual fertilizer–manure combination. The net beneϐit
with repeated manure was 3–26 percent more than the
net beneϐit with residual manure application (Table 3).

Compared to farmer practices, net beneϐits with
repeated soil amendments were 20–58 percent, 39–72
percent, and 14–47 percentmore for fertilizer, fertilizer–
manure combination, and manure, respectively.

The minor season experiment aimed at ascertain‑
ing whether repetition of soil improvement strategies
during the rainy season will increase returns. For the
semi‑deciduous zone, repetitions of the major season’s
soil amendments in the minor season with local seeds
resulted in positive marginal rates of return, except
when manure was repeated. The marginal rate of re‑
turn was highest when manure and fertilizer combina‑
tionswere repeated. TheMRRwas generally high for the
Obatanpa and Omankwa maize varieties (127–268 per‑
cent) (Table 3).

Additionally, for the coastal savannah zone, repeti‑
tion of the major season soil amendments in the minor
season resulted in positive marginal rates of return. Al‑
though the rate was reduced when the manure was re‑
peated with local (unimproved) seeds, it did not turn
negative. The marginal rate of return was generally the
greatest when manure and fertilizer combinations were
repeated, irrespective of maize variety. The only devi‑
ation was in the case of the Omankwa variety, where

the MRR with repeated application of manure exceeded
that of combined manure‑fertilizer application. How‑
ever, across all soil amendments, the MRR was higher
with Obatanpa and Omankwa maize varieties (133–247
percent) (Table 3).

4. Discussion
Grain yields were greater when sole fertilizer was

used in the major season than when fertilizer‑manure
combination was used, the converse was true for the mi‑
nor season. Thus, the yield response to manure appli‑
cation is not elicited fully in the season of application.
The results is in accordance with [19]; they showed that
maize productivity signiϐicantly increased with applica‑
tion of inorganic fertilizer and manure combinations ev‑
ery year compared to yields fromsole inorganic fertilizer
application; however, this increase occurred only from
the third year of a ϐive‑year on‑farm trial. Additionally,
the highermaize grain yields in theminor season follow‑
ing the major season conϐirm that nitrogen fertilizer is
more efϐiciently utilized with higher manure or soil car‑
bon content [19, 20, 29].

Thenet income in themajor rainy season across the
semi‑deciduous forest zone and coastal savannah zone
showed that all treatments were proϐitable. However,
the use of improved seeds and the use of manure, fertil‑
izer, fertilizer and manure combination signiϐicantly im‑
proved net income. The potential effects of soil amend‑
ments could not be exploited signiϐicantlywith the use of
local (unimproved) seeds. Although the use of improved
maize seeds under farmer practice (no amendment) led
to some improvement in net income, the application of
fertilizer, manure, and a combination of fertilizer and
manure further improvednet income. This is in linewith
the suggestion by Awunyo‑Vitor, Wongnaa [30] that to in‑
crease productivity, and by extension incomes, farmers
should make maximal use of technologies available to
them.

An MRR of 200 percent means that when a farmer
invests an additional one Ghana cedi (GhC 1) in adopting
a new technology, he will earn an additional two Ghana
cedis (GhC 2). This rate of return is likely greater than
the acceptableminimum rate of return [25]. However, the
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Table 3. Marginal analysis, seed variety and soil amendments experiment in the semi‑deciduous zone and Coastal savannah in
the minor rainy season.

Semi‑Decidudous Forest Coastal Savannah

Soil Amendment Gross
Beneϐit
(GhC)

CostThat
Vary
(GhC)

Net
Beneϐit
(GhC)

MRR(%) Gross
Beneϐit
(GhC)

CostThat
Vary
(GhC)

Net
Beneϐit
(GhC)

MRR(%)

Local Residual fertilizer 2806 30 2,776 2603 30 2,573
Fertilizer 4322 1,064 3,259 47 3944 1,064 2,880 30
Residual manure 2952 30 2,922 2699 30 2,669
Manure 3531 391 3,140 60 3141 391 2,750 22
Residual fert+man 2818 30 2,788 2698 30 2,668
Fert and manure 4356 727 3,629 121 4045 727 3,318 93

Obatanpa Residual fertilizer 3620 100 3,520 3253 100 3,153
Fertilizer 5965 1,134 4,832 127 5662 1,134 4,529 133
Residual manure 3711 100 3,611 3492 100 3,392
Manure 5061 461 4,600 274 4704 461 4,243 236
Residual fert + man 3675 100 3,575 3393 100 3,293
Fertilizer + manure 6031 797 5,234 238 5778 797 4,981 242

Omankwa Residual fertilizer 3656 100 3,556 3426 100 3,326
Fertilizer 5998 1,134 4,864 127 5713 1,134 4,579 121
Residual manure 3774 100 3,674 3460 100 3,360
Manure 5102 461 4,641 268 4714 461 4,253 247
Residual fert + man 3707 100 3,607 3442 100 3,342
Fertilizer + manure 6086 797 5,289 241 5781 797 4,984 236

Note: In 2017, 1 U.S dollar was equivalent to 4.35 Ghana Cedis (GhC).

extra beneϐit of moving to sole fertilizer from the fer‑
tilizer and manure combination does not cover the ex‑
tra costs required. The fertilizer‑manure combination
yields high marginal returns because manure is cheaper
than inorganic fertilizer, and at the same time, the net
beneϐit is higher. This agrees with [18] who also found
that fertilizer‑manure combinationdominates sole fertil‑
izer in the forest zone of Ghana.

The net income from relying on residual nutrients
from the previous season was signiϐicantly lower than
the net income obtained with reapplication of the soil
amendment used in the last season. This means that
for yield and net income levels to be sustained through‑
out the year, soil amendments should be applied con‑
tinuously. The MRR of switching from residual nutri‑
ents from the previous season to the reapplication of
the major season soil amendment in the minor season
was mostly positive. The MRRwas lowwhen local seeds
were used but was appreciably higher when improved
seeds were used. This ϐinding of positive MRR with re‑
peated use of soil amendments is somewhat consistent
with Franke, Schulz [19] who observed that the annual
use of fertilizer and fertilizer‑manure combinations in
maize resulted in positive MRR in most years.

The level of fertilizer subsidy could inϐluence the

proϐitability of manure‑fertilizer combinations relative
to sole fertilizer. It is noteworthy that even though in‑
organic fertilizer was bought at full market price for this
study, relatively high net incomes were recorded for the
use of fertilizer alone and fertilizer‑manure combina‑
tions. Fertilizer subsidies in Ghana ranged from 21per‑
cent in 2015 to 50percent in 2017 [31]. Thus, as observed
by [32] the proϐitability of fertilizer use varies with the
subsidy level. The lower the level of subsidy, the higher
the proϐitability of manure and manure‑fertilizer combi‑
nations compared to fertilizer alone.

Besides the possible improvement in farmers’ in‑
come from the use of manure or manure‑fertilizer com‑
binations in maize production, there are other socio‑
economic implications for countries that are dependent
on mineral fertilizer imports. The importing country
stands to gain from reduced fertilizer imports by saving
foreign exchange. In addition, in times of fertilizer short‑
ages, the use of manure ensures that productivity levels
are maintained or not signiϐicantly reduced. However,
the bulkiness of manure and associated cost of trans‑
portation to farms may limit its use. This limitation may,
in turn, be ameliorated if manure is ϐirst converted into
compost to reduce bulkiness.
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5. Conclusions
This study sets out to access the proϐitability of in‑

tegrated soil improvement strategies. Speciϐically, it esti‑
mated the proϐitability of the use of three [3] soil amend‑
ments on three [3] maize varieties. Irrespective of the
maize variety and agro‑ecological zone, the net beneϐits
andmarginal rates of returnwere highestwith the use of
combined manure and fertilizer. However, soil amend‑
ments application with maize landraces (local) resulted
in the lowest yields, net income, and marginal rates of
return. The application of manure only, fertilizer only
and combined fertilizer‑manure in addition to improved
maize seeds, greatly improved productivity and net in‑
come. The manure and fertilizer combinations gave the
highest net proϐit, followed by the sole fertilizer.

Marginal rates of return are sufϐiciently high towar‑
rant switching from farmer practice to manure and fur‑
ther frommanure to manure‑fertilizer combination, but
not frommanure‑fertilizer combination to sole fertilizer.
Furthermore, relying on residual nutrients from the pre‑
vious season leads to a decline in yield and net income.
The reapplication of soil amendments in the subsequent
minor season is required to sustain yield and net income
levels.

Wheremanure is available and accessible, applying
mineral fertilizer in combination with manure is recom‑
mended alongside improved maize varieties. In the ab‑
sence of manure, fertilizer alone can be used. Because
the pattern of net returns and marginal rate of returns
are similar for coastal savannah and semi‑deciduous for‑
est agro‑ecological zones, these recommendations apply
equally to them.

It should be noted that these conclusions regard‑
ing the proϐitability of soil amendments were not inϐlu‑
enced by the fertilizer subsidy policy regime pertaining
to the country at the time of the study. The fertilizer for
the study was purchased at the full market price, even
though the subsidy on fertilizer pricewas approximately
50 percent at the time of the study. Thus, for farmers (in‑
cluding smallholder maize farmers) who qualify to pur‑
chase fertilizer at subsidized rates, their proϐits relative
to the proϐits of farmers producing maize under the sole
manure and manure‑fertilizer combination increases.

This study provides further evidence of the superi‑

ority of combining organic and inorganic fertilizers over
application of any of them alone. In addition, it pro‑
vides evidence of more efϐicient land use through the
combination of improved varieties and soil amendments.
This study shows the potential of crop‑livestock systems
to enhance crop yields and net income while mitigat‑
ing climate change. Proper manure management and
subsequent use in crop production could decrease the
emissionof greenhouse gases andpossibly providemore
quality crop residues that could be fed to animals, thus
achieving a circular economy.

As a policy recommendation, extension agents
should educate farmers to usemanure and inorganic fer‑
tilizer together on crop farms to close yield gaps inmaize
production, improve farmers’ net income, and mitigate
climate change. The rates recommended in this study
may be applied.
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