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A B S T R A C T   

This paper analyzes the impact of integrated soil fertility management (ISFM) on maize yield, yield gap and net 
income in northern Ghana using an inverse-probability-weighted regression adjustment (IPWRA). In this study, 
ISFM is restricted to the adoption of crop rotation (CR), inorganic fertilizer (FT), and farmyard manure (MN) 
either in isolation or in combination. We find a synergy in yield gain (86.52 % increase in yield) and a decrease in 
yield gap (of 10.22 %) with the adoption of all three technologies as a package (CR+FT+MN). The joint adoption 
of all three technologies is also associated with a 51.29 % increase in net income from maize production and has 
a Benefit-Cost Ratio of 3.23.   

1. Introduction 

Poor soil fertility, crop pests and diseases, and the increasing risk of 
land degradation are major threats to farming in most of the vulnerable 
regions of the developing world [1–3]. These stressors have mostly been 
associated with an increase in the risk of food insecurity [4] and a 
decrease in yields and incomes of rural families [1,5–7]. Studies show 
that about 65 % of the land area in sub-Saharan Africa (SSA) is degraded 
[8,9], and about 20–25 % is considered severely degraded [10]. Soil 
degradation costs the region over US$68 billion a year and is associated 
with a 3 % decrease in the region’s gross domestic product (GDP) [10, 
11]. Soil-related constraints to agricultural production in the region 
result in a loss of about 280 million tons of cereal crops per year (The 
Economics of Land Degradation (ELD) Initiative and United Nations 
Environment Programme UNEP, 2015) 

Beside these adverse effects of soil and land degradation, threats such 
as crop pests, diseases and poor soil fertility are responsible for major 
yield and income losses in several agro-ecological zones [1,6,7]. These 
threats, along with inefficient management, soil nutrient shortages [12], 
low use of agricultural inputs, limited use of yield enhancing in
novations and good agronomic practices [13,14], and overexploitation 
of croplands due to population pressures [15–17] contribute to high 

yield gaps and hinder sustainable food supply in SSA [15,17,18]. High 
yield gaps reflect potential for improvement, but in most SSA countries, 
especially in West Africa, yields have been declining for decades for 
some major crops or stagnant at best for others [15,18,19]. For example, 
for maize, which serves as a staple food for more than 900 million people 
in developing countries [20], Ray et al. [16] reported yield gaps of over 
90 % for many countries in SSA. Other studies reported yield gaps of 
about 80 % for Ghana [17,21], 70 % − 80 % for Ethiopia [22,23], and 
greater than 50 % for Kenya [24]. 

As in many African countries [12,15,25], maize is the most impor
tant cereal crop on the domestic market in Ghana. It accounts for about 
3.3 % of total agricultural production value and more than 50 % of the 
total cereal production in Ghana [26]. The crop is cultivated by more 
than 50 % of rural households in Ghana, and by 16 % of urban house
holds [12]. Despite its importance, maize is mostly produced by small
holders under low-input conditions, resulting in extremely low yields 
and high yield gaps, especially in the semi-arid northern Ghana [12]. 
Compared to a water-limited potential yield of 5.5 t/ha, average yield of 
maize in Ghana is estimated at 1.99 t/ha [27], implying a yield gap of 
about 64 %. In addition, van Loon et al. [17] reported maize yield gaps 
of about 67 % to 84 % in two major maize growing regions in Ghana 
(Brong Ahafo and Northern regions). 
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Integrated soil fertility management (ISFM) is one of the most 
effective and efficient solutions to reduce yield gaps in maize production 
[2,3,28]. It entails a bundle of farm innovations such as inorganic and 
organic fertilizers, the implementation of good agronomic practices, 
agroforestry [14], and the use of appropriate germplasm. Rookbroeck 
et al. [29] found that ISFM improves productivity by increasing crop 
yields and ensuring the stability of yields in rainfed systems and reduces 
greenhouse gas emissions from soils and fertilizers. This makes ISFM a 
valuable practice for climate-smart agriculture and helps to increase the 
resilience of farming systems. For example, the practice of crop rotation 
as a component of ISFM helps to improve and/or maintain soil fertility, 
enhance crop health, limit soil erosion, reduce pest infestation, ensure 
effective use of soil nutrients, mitigate the risk of weather variability, 
and help build a healthy soil over time [30]. Crop rotation also enhances 
water infiltration and retention and ensures the stability of crop yields 
[31,32]. The use of chemical fertilizer, which is the most commonly used 
by maize farmers, helps to increase crop yields, improve yield quality, 
and provides an efficient source of nutrients [33]. However, the sole and 
continuous use of chemical fertilizer is associated with soil/land 
degradation, environmental pollution, and lower yields [34,35]. The use 
of organic fertilizer including farmyard manure, helps to improve soil 
texture/structure, increase water holding capacity of soils, recycle ni
trogen, reduce topsoil erosion, and enhances microbial activities that 
help to supply soil with relevant trace minerals [36]. 

Despite the benefits of ISFM, there are limited empirical studies on its 
impact on farm performance using farm level data in SSA, with excep
tion of Adem et al. [37] in Ethiopia, Kihara et al. [2] in Tanzania, and 
Setsoafia et al. [38] in Ghana. Most studies are field trials [39,40], while 
other studies [3,41–43] have focused on factors influencing adoption of 
either the individual components of ISFM or a combination of the 
components without estimating the impact on farm performance. Most 
studies have analyzed the adoption and the impact of the individual 
components of ISFM on farm performance [1,5,13,34,44–46] but only 
few studies [2,35,37] have evaluated the impact of the adoption of ISFM 
as a package. In Asia, for example, Mahmood et al. [34] found that 
growth and yield of maize improved substantially with the application 
of fertilizer alongside organic manures in Pakistan. Hua et al. [5] found 
that the combined application of inorganic and organic fertilizers leads 
to increased crop yield and soil organic matter in China. In Bangladesh, 
Urmi et al. [35] found that the sole application of inorganic fertilizers is 
inefficient in increasing the yield of rice compared to the joint appli
cation of both organic and inorganic fertilizers. Similar results are re
ported by Bastia et al. [44] for India. The majority of these studies are 
experimental. 

In Africa, specifically in Ethiopia, Adem et al. [37] found, based on 
farm-level data, that the use of manure or compost alone had a moderate 
impact on maize yield, while the joint application of inorganic fertilizer 
and manure had a greater impact on yield. Kihara et al. [2] found that 
the productivity and economic impacts of ISFM depended on the num
ber and specific components adopted, adding that benefits increased 
with the number of ISFM components in Tanzania. Using the baseline 
survey data for Ghana from the Africa RISING (Africa Research in Sus
tainable Intensification for the Next Generation) program, Setsoafia et 
al. [38] found that adopting improved maize seed, fertilizer and soil and 
water conservation as a package has larger positive impact on farm in
come and food security than adopting single or two of these technolo
gies. They however reported that adopting only fertilizer, or fertilizer 
and improved seed leads to significant decrease in farm income. Adolwa 
et al. [1] found that while the adoption of ISFM increased maize yield by 
27 % and 16 % in Tamale (Ghana) and Kakamega (Kenya), respectively, 
there were no major improvements in yields as the number of the ISFM 
components increased, and no significant effect on total household in
come were found in either location. A major limitation of the study by 
Adolwa et al. [1] is that instead of estimating the impact of each indi
vidual component and the combinations, adoption was classified into 
four categories, namely, non-adoption, partial adopter 1 (adoption of 

two components), partial adopter 2 (adoption of three components) and 
complete adoption (for the adoption of four components). Technology 
adoption involves costs and benefits, and different technologies and 
their combinations have different effects on yield, yield gap and income. 
Although some combinations may increase yield, they are not neces
sarily income/profit-enhancing because of the associated costs of 
adoption, and categorizing combinations based on number instead of 
components may be less informative. 

Our paper aims to bridge this knowledge gap by analyzing the impact 
of the practice/use of crop rotation, inorganic/chemical fertilizer and 
farmyard manure on maize yields, yield gap and net returns in semi-arid 
northern Ghana. Specifically, the paper seeks to achieve the following 
objectives: (1) to analyze farmers’ use of crop rotation, inorganic fer
tilizer, and farmyard manure in maize production in northern Ghana (2) 
to determine factors that influence the use of these practices, and (3) to 
estimate the impact of combined and individual ISFM components on 
maize yield, yield gap and net returns in the study area. 

Our paper contributes to expanding the literature on ISFM in the 
following ways. First, given the poor soil fertility and the prevalence of 
weeds, diseases, and pest infestations (notably Striga hermonthica, and 
fall army worm) that pose threats to maize production in Ghana [47,48], 
it is believed that the adoption of the above-mentioned components of 
ISFM in an integrated manner could help to address the overlapping 
production constraints from these threats. Traditional farming methods 
in Ghana, especially those related to maize production, mostly focus on 
inorganic fertilizer application, or treat the three technologies as sub
stitutes [49,50]. However, the joint adoption of these technologies has 
been proved to be an effective and sustainable soil management strategy 
for enhancing crop yields in Ghana, although most findings supporting 
this statement are based on field experiments [39,51]. Hence, unlike 
previous studies, our paper formulates eight ISFM strategies, namely 
adoption of only crop rotation (CR), adoption of only inorganic fertilizer 
(FT), adoption of only farmyard manure (MN), adoption of only crop 
rotation and fertilizer (CR+FT), adoption of only crop rotation and 
manure (CR+MN), adoption of only inorganic fertilizer and manure 
(FT+MN), and the adoption of all three components (CR+FT+MN). This 
approach allows us to gain insights on usage of these strategies and 
identify factors influencing farmers’ decision to use a specific ISFM 
strategy. Second, this study provides insights into which specific ISFM 
strategies lead to optimal farm outcomes so that appropriate policies can 
be formulated to promote their widespread use. We also identify the 
yield- and income-enhancing effects of the farm technologies to deter
mine which practices and combinations are both yield and income 
enhancing, and which practices are solely yield or income enhancing. To 
identify the channels through which these technologies affect income 
from maize production, we estimate the impact of the technologies also 
on gross income and cost of production. This helps to reflect on the 
productivity and cost implications of adopting the respective compo
nents and their combinations. This is a very important aspect missing in 
earlier studies on the adoption and impact of integrated soil fertility 
management. 

The rest of the manuscript is organized as follows. We present an 
overview of the agricultural sector in Ghana in Section 2 and the con
ceptual framework for the study in Section 3. We provide an overview of 
the data, and the estimation methods used in Section 4. Results for the 
respective analyses are presented and discussed in Section 5, while 
Section 6 concludes the study. 

2. An overview of the agricultural sector in Ghana 

The agricultural sector continues to play an important role in sus
tainable economic growth and development of Ghana. It accounts for 19 
% of Ghana’s gross domestic product (GDP) and employs 34 % of the 
labor force [52]. It also provides livelihoods for many households. Over 
the years, the contribution of agricultural sector to Ghana’s GDP has 
declined, indicating a structural transformation in the country’s 
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economy (World Development Indicators, 2023). Labor force has shifted 
from the agricultural sector to the service and industry sectors. From 
1990 to 2005, the agricultural sector was the largest contributor to GDP, 
although it declined from 45 % to 37 %, respectively (Fig. 1). Since 
2010, the contribution of agricultural sector to GDP has been decreasing 
and agriculture now accounts for the smallest share (Fig. 1). Currently, 
the services and industry sectors are first and second largest contributors 
to Ghana’s GDP (Fig. 1). Ghana’s agricultural sector consists of four 
sub-sectors, namely crop, forestry and logging, fishing, and livestock. 
Among these sub-sectors, crop production is one of the largest contrib
utors to agricultural production. The major crops grown in Ghana 
include cereals (maize, rice), vegetables and fruits, cassava, and cocoa. 
Cocoa is a major source of foreign exchange and employment, and a key 
driver of economic growth. Between 2008 and 2015, the average annual 
agricultural productivity growth rate was 4.2 %, below the 6 % growth 
target (Fig. 2). In 2008 and 2012, fishing (17.4 % and 9.1 %, respec
tively) was the main driver of agricultural productivity growth rate. 
However, in 2009, crops contributed the largest to productivity growth. 
In 2010 and 2011, the cocoa sector alone accounted for 26.6 % and 14 
%, respectively, of the annual growth of crops. Except for livestock, the 
growth rates of most sub-sectors were unstable from 2008 to 2015 
(Fig. 2). 

The above graphs show clearly that the performance of Ghana’s 
agricultural sector is poor, characterized by low yields for both staple 
and cash crops. Cereal yields, for example, are estimated at 1.7t/ha 
compared to the regional average of 2t/ha and with potential yields of 
over 5t/ha. The average cocoa yield in Ghana is estimated at 400–450 
kg/ha, among the lowest in the world [54]. Also, Ghana is a net importer 
of basic raw and processed foods such as rice, poultry, sugar, and 
vegetable oils. Annual expenditures on food imports exceed estimated 
annual revenues from cocoa exports of $2 billion [54]. Population 
growth, high urbanization rates, and rising incomes are the main drivers 
of the import bills, as they result in higher demand for high-quality and 
safe food products such as meat, dairy, and horticulture. The food 
import bill is expected to quadruple over the next 20 years, unless 
agricultural production increases significantly [54]. The main barriers 
to agricultural development in Ghana include low public spending on 
agricultural research and development, inadequate infrastructure (e.g., 
roads, markets, and irrigation), and poor socioeconomic indicators (such 
as low education and skills, poor access to finance, land tenure prob
lems, low adoption of agricultural technologies), among others [55,54]. 
To address these challenges and promote agricultural development, a 

number of programmes and policies have been designed and imple
mented. They include the Medium-Term Agricultural Investment Plan 
(METASIP) and the Food and Agriculture Sector Development Policy 
(FASDEP), which focus on agricultural development with an emphasis 
on northern region [54]. 

Other programmes that aim to improve maize yield include the 
Fertilizer Subsidies, Mechanization, and Buffer Stock Schemes. The 
Ghana Grains Development Project (1979–1997) and the Food Crops 
Development Project (2000–2008) introduced and promoted the culti
vation of early maturing, drought-tolerant and high-yielding maize va
rieties. The current programmes such as the Modernizing Agriculture in 
Ghana Programme (2017–2023), Savannah Agricultural Value Chain 
Development Programme (2021–2026), and Savannah Investment Pro
gramme (2020–2025) also focus on agricultural development with 
maize as one of the target crops [56]. Despite these policy efforts, 
observed yields for maize are well below the achievable, especially in 
northern Ghana where maize yield gap ranges between 52.5 % - 84.2 % 

Fig. 1. Shares of agriculture, industry, and service to Ghana’s GDP. 
Source: World Development Indicators (2023) 

Fig. 2. Productivity growth rates by agricultural sub-sectors. 
Source: Ministry of Food and Agriculture [53] 

Fig. 3. District average and achievable maize yield for the Guinea Savanna of 
Ghana. 
Source: Ministry of Food and Agriculture [57] (2019) 
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in the Guinea Savanna and between 37.5 % - 80.5 % in the Sudan 
Savanna (see Figs. 3–6). This necessitates the promotion and adoption of 
yield-enhancing technologies to help bridge maize yield gap in Ghana. 

3. Conceptual framework 

This study is based on the presumption that farmers adopt diverse 
technologies to help address threats from the joint occurrence of mul
tiple stresses in farming, notably pest and disease incidences, soil 
infertility and poor water retention among others. While most of such 
technologies may be yield-enhancing, cost implications of their adop
tion could be a hindrance to the adoption and continuous implementa
tion of the technologies. This implies that while some technologies could 
enhance farmers’ yields, a farmer may decide to forgo the adoption of 
such technologies if they fail to enhance his returns, especially in the 
case of a farmer who operates to maximize his profits. It is generally 
assumed that a farmer will adopt a technology or a set of technologies if 
the gains from adoption outweigh the cost. However, as well established 
in literature, the adoption of agricultural technologies, and as shown in 
Fig. 7, is influenced by several factors which may generally be grouped 
in socioeconomic factors, institutional factors, farm/plot level factors, 
and geographic/locational factors [1,4,37,41,43,46]. 

These variables have the potential to influence the adoption of the 
individual technologies, as well as the adoption of a combination of such 
technologies. Existing literature [1,4,46] show that these variables are 
also potential factors influencing outcome of the technologies adopted, 
where the outcomes could be welfare indicators like income (farm, 
agricultural or household income), food security, household expendi
ture, or productivity related measures like yield, yield gap and soil 
organic carbon levels. The outcomes of interest to this study are yield, 
yield gap and income from maize production. 

While the yield effects from the adoption of inorganic fertilizer and 
farmyard manure may result from increased availability of vital nutri
ents to plants for growth, the effect for crop rotation may generally be 
attributed to the suppression of weeds, control of pest and diseases, and 
to enhanced fertility of soils. The income effect may however depend on 
the number and components of ISFM adopted, the cost implications, and 
the productivity effects associated with the technologies adopted. For 
this reason, we hypothesize that the use of ISFM increases maize yields 
and income, but reduces yield gap for maize, and the gains from the 
adoption of ISFM are greater with the use of a higher number of 

components. 

4. Methods 

4.1. Data 

The baseline survey data for Ghana from the ‘Africa Research in 
Sustainable Intensification for the Next Generation (Africa RISING)’ 
program [58] was used for the analysis. The Africa RISING program, 
made up of three research-for-development projects, aims to create 
opportunities for smallholder farm households in selected countries to 
move out of hunger and poverty. This is to be achieved through sus
tainably intensified (SI) farming systems that would help to improve 
food, nutrition, and income security in the target countries, especially 
for women and children, and help to conserve the natural resource base 
[58]. Gathered between 13th May and 3rd July 2014, the survey, which 
was based on a stratified two-stage random sampling (see [58] for de
tails) covered a total of 50 communities and 1284 farm households in 9 
districts. The districts covered are Wa East, Nadowli and Wa West in the 
Upper West region, West Mamprusi, Tolon-Kumbungu, and Salvelugu in 
the Northern region, and Bongo, Talensi-Nabdam and Kassena-Nankana 
in the Upper East region. The households covered by the survey operated 
approximately 5500 plots. Household interviews were conducted using 
structured questionnaire [58] and data collected using Computer 
Assisted Personal Interviewing (CAPI). Among the data gathered are 
ISFM practices used by farmers, agricultural production, harvests and 
allocation, livestock production and sales, access to credit and markets, 
household non-land assets, off-farm income sources and amounts, and 
experiences of food shortages among others. The three regions covered 
in this study are characterized by unimodal rainfall conditions and most 
households in the study area depend on low-input agriculture under 
rainfed conditions for their livelihood. Located in the semi-arid northern 
Ghana (see Fig. 8), the regions serve as a hub for the production of major 
staples like maize, rice, groundnuts, sorghum, millet, cowpea, soybean, 
Bambara nuts and yam. Among the livestock species produced by 
farmers in the study area are cattle, goat, sheep, poultry, pigs, and 
equines. This study is however based on data from 1038 maize pro
ducing households covered by the survey. 

4.2. Analytical framework 

A farmer’s decision to adopt risk-minimizing/yield-enhancing tech
nologies is assumed to be governed by a utility maximization framework 
in the presence of risk, where a farmer chooses a component or com
bination of the components of ISFM that maximizes his/her utility 
compared to the utility of other alternatives. Thus, when faced with 
alternative strategies, the farmer may choose a strategy, Q, that gener
ates higher expected utility than any of the other alternatives, say R. i.e. 

E(UQ) − MQ > E(UR) − MR (1)  

where, from Eq. (1) E(UQ) represents the expected utility of imple
menting strategy Q and the associated costs MQ, while E(UR) and MR are 
the corresponding representations for strategy R. Most empirical studies 
on farmers’ technology adoption [1,41,43] have reported that farmers 
usually adopt different strategies to minimize the risk of yield loss or 
increase yield, and that adopting more strategies generate greater gains 
[59,60]. In some cases, agricultural technologies have been shown to 
have a synergistic effect [43]. The use of multiple agricultural technol
ogies could help to mitigate the adverse effects of overlapping produc
tion constraints [43]. However, to develop appropriate policies to 
promote the adoption of farm technologies, including integrated soil 
fertility management practices (e.g., crop rotation, inorganic fertilizer, 
and farmyard manure), it is important to identify factors that influence 
technology adoption and estimate the impact of technology adoption on 
farm outcomes (e.g., yield, yield gap, and net crop income). Yield 

Fig. 4. Yield gap for maize in the Guinea Savanna of Ghana. 
Source: Ministry of Food and Agriculture [57] (2019) 
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Fig. 5. District average and achievable maize yield for the Sudan Savanna of Ghana. 
Source: Ministry of Food and Agriculture [57] (2019) 

Fig. 6. Yield gap for maize in the Sudan Savanna of Ghana. 
Source: Ministry of Food and Agriculture [57] (2019) 
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(kg/ha) is the maize output harvested from a unit of land area (hect
ares). Yield gap (%) is the difference between potential and observed 
yields, which is computed as: 

Yield gap (%) = [1 − (Ya / Yw) ∗ 100] (2)  

where Ya is the observed yield, and Yw the water-limited potential 
yield.1 Data for Yais obtained from the survey data, while data for Yw is 
obtained from the Ministry of Food and Agriculture’s (MoFA) website 
and confirmed by GYGA [21]. Net income from maize production is 
computed as follows: 

Net income
(

US$
ha

)

=
(GI − cS − cF − cHl − cPH − chFPH )

harvested maize area
(3) 

From Eq. (3), GI is the gross income from maize production (total 
output × price per kg), cS is the total cost of seeds, cF is the total cost of 
fertilizer applied, cHl is the cost of hired labor, cPH is the cost of pesti
cides and herbicides used, and chFPH represents charges on fertilizer, 
pesticides and herbicides application. The study uses a simple produc
tion function, where farm performance measures (Yik) such as yield, 
yield gap and income are expressed as a linear function of farm (plot) 
level variables (FMv), socioeconomic factors (SE), institutional factors 
(Iv), location/geographic factors (LGv), and an error term μi. 

Yik = ∝k + βkISFMik + θkFMvik + γkSEvik + ϑkIvik + τkLGvik + μi (4) 

Eq. (4) can be estimated with a multiple linear regression using or
dinary least squares. However, the coefficient (βk) of integrated soil 
fertility management and their combinations (ISFMik) (the variable of 
interest) may be biased due to the endogeneity problem from farmers’ 
self-selection of the agricultural technologies. In the literature, different 
approaches such as propensity score matching (PSM), endogenous 
switching regression (ESR), instrumental variable approach (IV) and 
doubly robust estimation using inverse-probability-weighted regression 
adjustment (IPWRA) with multivalued treatments have been used to 

control for this endogeneity or selection bias. It is criticized that the 
propensity score matching is unable to address selection bias from un
observable factors [61,62]. Endogenous switching regression (ESR) can 
address selection bias from both observable and unobservable factors. 
However, ESR estimation requires valid instruments, which makes their 
application difficult in practice [61,63]. In addition, it is criticized that 
they cannot be applied to multivalued treatment situations. Although 
the multinomial endogenous switching regression (BFG) approach [64] 
can be used in the multivalued treatment case, the approach is unable to 
estimate the average treatment effects of moving from one treatment 
level to another [65]. Due to the multivalued nature of our treatments, 
we apply an IPWRA with multivalued treatments. IPWRA does not 
require valid instruments and it is a doubly robust estimator, combining 
the inverse probability weight (IPW) estimator and the regression 
adjustment (RA) estimator to provide unbiased estimates, even if one of 
the models is mis-specified [66]. 

Like the ESR, the IPWRA has a selection function (which is estimated 
based on inverse probability weighting (IPW)) and an outcome function 
(which is estimated based on a regression adjustment approach (RA)). 
The outcome model fits appropriate linear regression models for 
adopters and non-adopters of the alternative ISFM strategies and pre
dicts covariate-specific outcomes for each subject under each of the 
adoption statuses [67]. In considering three components of ISFM, a total 
of 8 strategies are formulated for the analysis; namely non-adoption of 
any of the practices (None), adoption of only crop rotation (CR), adop
tion of only inorganic fertilizer (FT), adoption of only farmyard manure 
(MN), adoption of only crop rotation and fertilizer (CR+FT), adoption of 
only crop rotation and manure (CR+MN), adoption of only inorganic 
fertilizer and manure (FT+MN), and the adoption of all three compo
nents (CR+FT+MN). Based on the predicted outcomes for each of these 
strategies, the mean differences between the predicted outcomes 
(MPOA) for adopters under adoption and a hypothetical non-adoption is 
obtained, and the predicted outcome can be expressed as follows [67, 
68]: 

Fig. 7. Drivers and impact of integrated soil fertility management (ISFM). 
Source: Authors’ design 

1 This refers to the maximum possible yield under rainfed conditions [73] 
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MPOA
IPWRA = n− 1

A

∑n

i=1
Ti[rA(Z, γA) − rN(Z, γN)] (5) 

From Eq. (5) nA represents the number of adopters of each strategy 
(Ti), rA(Z, γA) and rN(Z, γN) describe the regression models for adopters 
(A) and non-adopters (N), Z is a representation of the covariates, while γi 
represents estimated parameters. In this study, emphasis is placed on the 
average treatment effect on the treated (ATET). This indicator estimates 
the expected average effects of adopting an ISFM strategy compared to 
the alternative of non-adoption of any of the ISFM components (base 
category), and is expressed mathematically as follows: 

ATETTa |T0 = E
{

YTa − YT0 |S= Ta
}

= E
{

YTa |S=Ta
}
− E

{
YT0 |S= Ta

}
, Sϵ{1, 2,…., 8} (6)  

where Ta denotes adoption of (individual or combined) components of 
ISFM, and T0 denotes non-adoption of any of the ISFM components. 
From Eq. (6), YTa and YT0 represent the farm performance indicators for 
households that choose Ta and T0 respectively. The respective ISFM 
strategies are represented by the index ‘S’, which ranges from 1 (for non- 
adoption) to 8 (the adoption of the complete package). 

For a deeper insight into the economic performance of the respective 
ISFM components, the study further analyzes the profitability of 
adopting each of the components as well as the risk of income loss 
(negative returns) from adopting the respective strategies. The former is 
analyzed based on returns on investment (ROI) and benefit-cost ratio 
(BCR), both of which are expressed mathematically as follows: 

ROIi =
Net incomei

Cost of productioni
(7)  

BCRi =
Gross Incomei

Cost of productioni
(8) 

The risk of income loss is assessed by computing the probability of 
observing a negative net income from the adoption of each of the 
components of ISFM. 

5. Results and discussion 

In this section, we present and discuss results for the respective an
alyses. We begin with a brief presentation of the characteristics of farms 
and farm households in the study area, benefits and costs of adoption of 
ISFM, impact of the ISFM strategies on farm performance, and present 
results on the determinants of the alternative strategies, placing 
emphasis on those found to be more yield and/or income enhancing. We 
then discuss relevant findings from the respective analyses. 

5.1. Results 

5.1.1. Characteristics of maize farmers and farms in the study area 
The survey data shows an average yield of 768 kg/ha for the three 

regions in northern Ghana, with the yield gap estimated at 86 % of the 
water-limited potential yield (Table 1). This is consistent with van Loon 
et al., [17] who estimated a maize yield gap of 84 % for Northern region. 

Fig. 8. Map of Ghana indicating the study area. 
Source: Authors construct 
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The average maize farmer had a net income of US$222.4/ha. Although 
most of the farmers adopted at least a component of the ISFM practices, 
about 8.77 % adopted none of the components. The main strategies 
adopted by the farmers were the joint adoption of crop rotation and 
inorganic fertilizer (37.4 % of households), and the sole adoption of 
inorganic fertilizer (28.3 % of households). These estimates are similar 
to those reported by Hörner and Wollni [67] for the adoption of ISFM in 
Ethiopia, where the authors report estimates of around 7 % and 34 % for 
non-adoption of ISFM and the sole adoption of inorganic fertilizer by 
farmers. Setsoafia et al. [38], also report estimates of 6.78 % and 7 % for 
non-adoption and complete adoption of the components of sustainable 
agricultural practices (improved seeds, fertilizer, and soil and water 
conservation) by crop farmers in northern Ghana. From Table 1, the 
least adopted strategy was the combination of crop rotation and farm
yard manure (2.31 % of households or 24 households in absolute terms). 
We find that 86 % of the farm households were headed by males. Most 
farmers were 48 years old and had 2 years of formal schooling. The 
average labor capacity of most farm households was 4 men. Table 1 
shows that 70 % of the households had access to off-farm employment 
opportunities and only 10.6 % of the farm households had access to 
credit. The households cultivate on average 2 hectares of maize. On 
average, farmers had to travel 23 min to the nearest daily market place, 
and 57 min to the nearest district capital. 

Less than 30 % of the farmers produce maize on black soil. The 
average livestock holding for the area is estimated at 4.15 TLU per 
household and only 17.6 % of the households own draft animals (cattle 
and/or equines). While about 60 % of the farmers practice contour 
ploughing/farming for maize production, only 10.9 % perceive that 
their fields are prone to erosion. 

Per the distribution of the farm performance indicators for the 
various ISFM strategies (see Fig. 9A to C), it is found that farmers who 
adopted at least one of the ISFM components generally had higher yields 
and lower yield gaps than the farmers who adopted none of the com
ponents. Except for the yield distributions for farmers who adopted crop 
rotation only and that for the non-adopters, which appear to have a 
bimodal distribution and right skewed, the yield distribution for all the 
other alternatives appears to be unimodal in nature and normally 
distributed. Most of the adopters of the ISFM components were better off 
in terms of yield and yield gap than the non-adopters of the components. 

Table 1 
Characteristics of maize farmers and farms in the study area.  

Variable Definition Mean Std. 
Dev 

Outcome variable    
Maize yield Output per hectare cultivated (Kg/ha) 768.1 545.7 
Maize yield gap Deviation of observed yield from 

achievable (%) 
86.03 9.92 

Net maize income Net income per hectare of maize area 
(US$/ha) 

222.4 272.1 

Gross maize income Gross income per hectare of maize 
area (US$/ha) 

375.6 272.0 

Cost of maize 
production 

Variable cost for maize production 
(US$/ha) 

153.2 157.5 

Treatment    
None (No Adoption) Dummy=1 if the household head has 

not adopted any of the three ISFM 
practices, 0 otherwise 

8.77  

CR Household adopted only crop rotation 
(1=Yes, 0 otherwise) 

8.09  

FT Household adopted only inorganic 
fertilizer (1=Yes, 0 otherwise) 

28.32  

MN Household adopted only manure 
(1=Yes, 0 otherwise) 

2.89  

CR+FT Adoption of both crop rotation and 
fertilizer only (1=Yes, 0 otherwise) 

37.38  

CR+MN Adoption of both crop rotation and 
manure only (1=Yes, 0 otherwise) 

2.31  

FT+MN Adoption of both inorganic fertilizer 
and manure only (1=Yes, 
0 otherwise) 

5.97  

CR+FT+MN Adoption of crop rotation, inorganic 
fertilizer and manure (1=Yes, 
0 otherwise) 

6.26  

Explanatory variables    
Socioeconomic 

variables    
Male headed 

household 
Dummy=1 if household head is a 
male, 0 otherwise 

0.863 0.344 

Age of household 
head 

The age of the head of the household 
in years 

47.72 14.28 

Years of schooling The number of years the household 
head spent schooling 

2.365 4.714 

Household labor 
capacity1 

An index for labor availability 
(supply) measured in Man-equivalent 
(ME) 

4.113 2.346 

Institutional variables    
Access to credit Dummy=1 if household head has 

access to credit, 0 otherwise 
0.106 0.308 

Access to off-farm 
employ 

Dummy=1 if household head has 
access to off-farm employment, 
0 otherwise 

0.697 0.460 

Farm/plot level 
variables    

Harvested maize area Total area of maize cultivated (in 
hectares) 

1.997 3.170 

Livestock holding Total units of livestock head by the 
household (in Tropical Livestock 
Unit2) 

4.151 10.54 

Ownership of draft 
animals 

Dummy=1 if household owns cattle 
or equine, 0 otherwise 

0.176 0.381 

Share of small 
ruminants in 
livestock 

A measure of TLU of small ruminants 
as percent of total TLU held (%) 

52.40 36.12 

Share of maize in total 
land area 

A measure of hectares of maize 
cultivated as percent of total cropland 
(%) 

0.555 0.286 

Practice of contour 
farming 

Dummy=1 if household practiced 
contour farming, 0 otherwise 

0.604 0.489 

Field is prone to 
erosion 

Dummy=1 if household perceive their 
field to be prone to erosion, 
0 otherwise 

0.109 0.312 

Black soil on farm Dummy=1 if the soil on which maize 
is cultivated is black 

0.294 0.456 

Adoption of new/ 
improved variety 

Dummy=1 if household planted new/ 
improved maize variety, 0 otherwise 

0.076 0.265  

Table 1 (continued ) 

Variable Definition Mean Std. 
Dev 

Value of farm 
implements 

Total value of farm implements 
owned by the household (US 
$/household) 

604.1 2238.2 

Location/geographic 
variables    

Duration to nearest 
daily market 

How long it takes to get to the nearest 
daily market with usual transport (in 
minutes) 

22.65 17.72 

Duration to nearest 
capital 

How long it takes to get to the nearest 
district capital with usual transport 
(in minutes) 

57.17 42.01 

Agro-ecological zone Dummy=1 if household is located in 
the Guinea Savanna, 0 if in Sudan 
Savanna 

0.536 0.499 

Source: Authors own computations. 
1 Computed using the following conversion factors; for Females: 0–5years 

(0.00), 6–10 years (0.05), 11–17years (0.40), 18–65 years (0.50), > 65 years 
(0.10); for males 0–5years (0.00), 6–10 years (0.10), 11–17years (0.80), 18–65 
years (1.00), > 65years (0.70); (modified version of age range proposed by 
[69]). 

2 Computed using the following conversion factors [69,74]; Cattle (Bullock 
(0.80), Bull (0.70), Cow (0.70), Calf (0.35)), Sheep (Ram (0.10), Ewe (0.10), 
Lamb (0.05)), Goat (Billy goat (0.10), Nanny goat (0.10), Kid (0.05)), Pig (Boar 
(0.20), Sow (0.20), Piglet (0.10)), Chicken (0.01), Guinea fowl (0.01) Duck 
(0.01), Turkey (0.02), Horse (0.80), Donkey (0.50). 
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The adopters of all the three components of ISFM however appear to 
have recorded higher yields and lower yield gaps than the rest of the 
farmers. In contrast to the nature of the distribution for yield and yield 
gap, the plots for net income per ha for all the alternatives appear to be 
normally distributed, with peaks for most of the options (including non- 
adoption) being below US$300/ha. The adopters of crop rotation and 
manure (CR +MN), all three components (CR+FT+MN), and adopters of 
crop rotation only (CR) however had relatively higher proportion of 
farmers with net income above US$500/ha than the rest of the farmers. 

5.1.2. Benefits and cost of adoption of ISFM in Ghana 
In this section, we provide some information on net income, gross 

income, variable costs of production for the alternative ISFM strategies, 
returns on investment and the benefit-cost ratio for each strategy. 
Depending on the strategy adopted (including non-adoption of any of 
the components), net income ranged between US$170.5/ha (for adop
tion of FT only) and US$420.5/ha (for adoption of CR+MN only). Gross 
income ranged between US$282/ha (for non-adoption of any of the 
strategies) and US$489.3/ha (for adoption of all the three components 
of ISFM). Farmers who adopted FT only incurred the greatest variable 

Fig. 9. A. Distribution of yields (kg/ha), B. Distribution of yield gap (%), C. Distribution of net income per ha of maize farm (US$/ha). 
Source: Authors own construct 

Fig. 10. Income indicators according to ISFM components adopted. 
Source: Authors 
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cost of production (US$195/ha), while adopters of CR only incurred the 
lowest cost of production (US$44.5/ha) (See Fig. 10). 

We estimate a benefit cost ratio of 2.45 for maize production using 
gross income-variable cost ratio (Fig. 11). This implies that it is bene
ficial/profitable to produce maize in the study area. Per the alternative 
strategies adopted; however, the ratio was greatest for adopters of 
CR+MN only, and lowest for adopters of FT only. A total of about 13 % 
of maize farmers in the study area recorded negative returns from maize 
production. The proportion of farmers who recorded negative returns 
was higher among adopters of FT only (20.1 %) (Fig. 12). 

5.1.3. Impact of adoption of ISFM strategies on farm performance 
In this section, we present the results for the estimated impacts of 

ISFM on yield, yield gap, net income from maize production, gross in
come, and cost of production, the latter of which is so far missing from 
earlier studies on the impact of ISFM. The empirical results from Table 2 
shows that for the individual components, the adoption of inorganic 
fertilizer alone had the greatest yield-enhancing effect, with the 
observed increase in yield estimated at 40.96 % (significant at the 5 % 
level), and a corresponding decrease in yield gap of 4.84 %. However, in 
considering the adoption of two components, we found in terms of yield 
effects, adopting FT+MN (thus fertilizer and manure only) and CR+FT 
(crop rotation and fertilizer only) could be more appropriate, as adop
tion of these combinations result in yield increases of 41.23 % and 39.32 
% with corresponding decreases in yield gap of 4.87 % and 4.64 %. 
These results, especially the case of FT+MN affirm reports from earlier 
studies that jointly applying inorganic fertilizer and farmyard manure 
leads to substantial increase in maize yield [5,34,35,44]. The observed 
effects of FT+MN implies that instead of treating the application of 
inorganic fertilizer and farmyard manure as substitutes in maize pro
duction, applying them as complements could be more yield-enhancing. 
This result supports earlier evidence from Hörner and Wollni [67] and 
Adem et al. [37] that farmers observe greater yield gains from the joint 
adoption of inorganic and organic fertilizers, than when either is applied 
in isolation. In addition, we found that while the yield on farms that 
adopted only crop rotation (CR) was not significantly different from 
those who adopted none of the components of ISFM, farmers who 
combined crop rotation with fertilizer application were better-off. 

The most important of the yield effects estimated is the synergy from 
the adoption of all three components, with estimated yield increase of 
86.52, and a corresponding decrease in yield gap of 10.22 %. This im
plies that applying/adopting all three components leads to greater yield 
effects than the exclusive combination of the separate effects of the in
dividual components or the sum of any two alternative strategies. This is 

in line with an earlier report by Setsoafia et al. [38] on Ghana, that 
adopting three sustainable agricultural practices (SAPs) as a package 
result in greater yield gains than adopting single or two SAPs. The result 
is however in contrast with report by Adolwa et al. [1] who found no 
significant increase in yield with an increase in the number of ISFM 
components. Production-based efforts to bridge the yield gap for maize 
should place more emphasis on the adoption of all the three components 
as a package. 

On the impact of the adoption of ISFM on income, the yield gain from 
the application of fertilizer alone (FT) was nullified by the cost of 
adoption (with the increase in cost estimated at 139.7 % compared to 
farmers who adopted none of the components of ISFM), as we found a 
1.96 % decrease in net income among farmers who opted for this option 
(although not significant). Similar direction of effect was observed for 
the adoption of CR+FT. This result is in conformity with an earlier 
report by Setsoafia et al. [38] on Ghana (based on the baseline data for 
Ghana from the Africa RISING program), that adopting only fertilizer 
leads to unexpected decrease in farm income. It however contrasts the 
findings of Hörner and Wollni [70] in Ethiopia, that the adoption of 
fertilizer leads to incomes gains of about 50–60 %. While the positive 
effect for FT+MN was estimated at 26.73 %, it was not significant. 

We found that while the adoption of CR and MN had insignificant 
Fig. 11. Returns on investment and benefit-cost ratio for adoption of ISFM. 
Source: Authors 

Fig. 12. Record of negative returns for alternative ISFM strategies. 
Source: Authors 

Table 2 
Impact of ISFM on yield and yield gap for maize.  

Indicator ISFM 
practice 

Yield (kg/ 
ha) 

% change 
from base 

Yield gap 
(%) 

% change 
from base 

ATET CR − 11.14 
(99.77) 

− 1.92 0.202 
(1.814) 

0.226 

FT 237.98 ** 
(104.72) 

40.96 − 4.327** 
(1.904) 

− 4.838 

MN 170.59 
(156.46) 

29.36 − 3.102 
(2.845) 

− 3.468 

CR + FT 228.46 ** 
(91.85) 

39.32 − 4.154** 
(1.670) 

− 4.644 

CR + MN − 75.15 
(402.97) 

− 12.94 1.367 
(7.327) 

1.528 

FT + MN 239.55 ** 
(114.47) 

41.23 − 4.355** 
(2.081) 

− 4.869 

CR+ FT 
+MN 

502.66 *** 
(171.16) 

86.52 − 9.139*** 
(3.112) 

− 10.22 

POmean None 
(base) 

580.97*** 
(96.33)  

89.44*** 
(1.751)  

NB: ***, **, * represents 1 %, 5 %, and 10 % significance levels, respectively; (*) 
– robust standard errors. 
Source: Authors own computations. 
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effects on yield, they were associated with 38.81 % and 49.3 % increases 
in income, respectively. This, in the case of MN, implies that while the 
contribution of MN to yield may be positive but not significant, the 
relatively low cost of adoption of this alternative could help to minimize 
production cost, leading to a possible increase in income (Table 3). For 
the adoption of MN only, we estimated a 51.3 % decrease in the variable 
cost of production, compared to non-adopters of any of the components. 
Being associated with the suppression of weeds and the control of pest 
and diseases, the adoption of CR only was associated with a 43.6 % 
decrease in cost of production. This decrease in production cost ulti
mately helps to increase income, although the direct effect on yield may 
not be substantial. This is an indication that increments in farm income 
are not always the result of an increase in yield but could also stem from 
potential decreases in production cost that arise from the adoption of 
cheaper technologies or farm inputs [1,4,38,70]. We found that the 
greatest income effect was from the adoption of all three components, 
with an increase in income of about 51.29 % (significant at the 5 % level) 
estimated. Efforts to promote the adoption of all three components as a 
package could therefore be yield and income enhancing, although the 
effect is expected to be greater in terms of yield due to potential cost 
implications of adopting a greater number of strategies [70]. 

5.1.4. Determinants of farmers’ adoption of ISFM practices 
Table 4 shows heterogeneous effects of the variables on the adoption 

of the respective ISFM strategies. We present the results according to the 
categories of the variables, starting with socioeconomic and institutional 
factors. 

5.1.4.1. Socioeconomic factors and institutional factors. Among the so
cioeconomic and institutional factors considered, education of the 
household heads, measured by years of schooling, was the most 
important factor influencing the adoption of the ISFM strategies, fol
lowed by household labor capacity and the age of the household heads. 
Except for the adoption of CR+MN, a year increase in schooling was 
positively associated with the adoption of all the other alternative ISFM 
strategies. The implementation of ISFM strategies is not only capital and 
labor intensive, but also knowledge-intensive, from both agronomic and 
bio-security perspectives, and the efficient and effective implementation 
of the respective components and their combinations may require 
greater technical knowledge and skills, which the more educated tend to 
possess. The results show a positive relationship between household 
labor capacity and the adoption of CR+MN (thus crop rotation +
manure only). Although farmyard manure, which is readily available in 
the farmers’ fields/homes, may be a cheaper input, its application is 
quite labor-intensive, which also applies to crop rotation. The combi
nation of both strategies may therefore require more labor, and house
holds with more men in terms of capacity are in a better position to 
effectively implement this strategy. We also found a positive association 
between age of the household head and adoption of all the three com
ponents of ISFM (CR +FT+MN). Older people, who are likely to have 
limited access to off-farm employment, tend to rely on agriculture for 
their livelihood, and are more likely to implement all three components 
to achieve higher yields to meet household food and income needs. 

5.1.4.2. Farm/plot level variables. The farm size variable had a negative 
effect on the adoption of all the ISFM strategies, and the effect was 
significant on the adoption of CR, CR+FT, CR+MN, and CR+FT+MN. 
Since CR is common to all major strategies, it is probably less likely that 
large-scale farmers practice crop rotation. Farmers who had draft ani
mals (cattle and equines) and were likely to readily access manure on 
farm tended to adopt MN, FT+MN, and CR+FT+MN. Farmers with a 
high share of small ruminants in their flock/herd, which can easily be 
converted to cash needed, were more likely to adopt FT, MN, CR+FT, 
FT+MN, and CR+FT+MN, most of which are both capital and labor 
intensive. As contour ploughing/farming has been shown to conserve/ 
harvest water and control erosion, we found that farmers who engaged 
in this practice were more likely to adopt CR, MN, CR+ FT, CR+MN, and 
the full package (CR+FT+MN). This implies that efforts to conserve 
water and control soil erosion can enhance the adoption of ISFM prac
tices. Farmers growing maize on erosion-prone fields were more likely to 
adopt CR+MN, while those who used new/improved maize varieties 
were more likely to adopt FT, FT+MN, and CR+FT+MN. This implies 
that efforts to promote the adoption of improved maize varieties could 
enhance farmers adoption of these strategies [46]. As an indirect mea
sure of mechanization, an increase in the value of farm implements/e
quipment owned by the farmers leads to the adoption of all the ISFM 
strategies (significant at the 5 % level for all except CR). 

5.1.4.3. Location/geographic factors. Due to limited access to inputs and 
vital resources for production, and potentially higher transaction costs, 
farmers living farther from the nearest daily marketplace were less likely 
to adopt CR+FT, but more likely to adopt FT+MN, and MN, the latter of 
which could be easily accessed from the farm. As a proxy for access to 
extension services, the variable ‘duration to the nearest district capital’ 
was negatively related to the adoption of FT and CR+FT, both of which 
require some level of technical knowledge and skills in their 
implementation. 

Farmers in the Guinea Savanna zone were more likely to adopt CR, 
CR+FT, and CR+FT+MN compared to their counterparts in the Sudan 
Savanna zone. This observation may be attributed to the relatively 
favorable climatic, production and marketing conditions in the Guinea 
Savanna zone compared to the drier Sudan Savanna. 

5.2. Discussion 

While soil infertility and the prevalence of crop pests and diseases 
have severely hampered crop production in sub-Saharan Africa, it is 
evident that the yield- and income-related threats can be addressed 
through the adoption of ISFM practices, namely crop rotation (CR), 
fertilizer (FT) or farmyard manure (MN), either in isolation or preferably 
in combination. The empirical results have shown that the adoption of 
the components of ISFM in combination has a greater impact on farm 
performance than non-adoption of any of the components or the sole 
adoption of the individual components. However, the greatest yield and 
income gains are achieved when farmers adopt all the three components 
as a package, with our study finding a synergy in the effect on yield and 
yield gap. This result is consistent with previous studies [2,37,63,71] 

Table 3 
Impact of ISFM on net income, gross income, and cost of production for maize.  

Indicator ISFM Practice Net income (US 
$/ha) 

% change from 
base 

Gross income (US 
$/ha) 

% change from 
base 

Cost of production (US 
$/ha) 

% change from 
base 

ATET CR 81.79* (42.75) 38.81 47.37 (38.58) 16.4 − 34.42** (15.64) − 43.6  
FT − 4.130 (43.33) − 1.960 106.0*** (38.59) 36.6 110.2*** (18.91) 139.7  
MN 103.9* (53.78) 49.30 63.43 (55.55) 21.9 − 40.47* (21.92) − 51.3  
CR + FT − 4.864 (37.70) − 2.308 104.1*** (33.06) 35.9 108.9*** (13.62) 138.0  
CR + MN − 28.67 (167.0) − 13.60 − 59.32 (163.9) − 20.5 − 30.66 (19.73) − 38.8  
FT + MN 56.34 (67.28) 26.73 139.9** (64.51) 48.3 83.61*** (21.15) 105.9  
CR + FT + MN 108.1** (54.15) 51.29 208.7*** (72.10) 72.1 100.6** (49.12) 127.5 

POmean None (base) 210.7*** (34.08)  289.7*** (31.18)  78.91*** (14.03)   
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that benefits from the adoption of agricultural technologies are greater 
with the number of technologies adopted. In addition, evidence shows 
that income gains from maize production are not only the result of yield 
gains but could also stem from potential decreases in the cost of pro
duction [4]. We found that some ISFM strategies that could be 
yield-enhancing may not necessarily be income- enhancing due to po
tential cost implications, while others that may not necessarily be 
yield-enhancing could be income enhancing due to the low cost of 
implementation. For example, we found that enhancing yield and/or 
reducing yield gap for maize may require the adoption of FT, CR+FT, 
FT+MN, or preferably CR+FT+MN. However, enhancing income from 
maize production may require the adoption of CR, MN, or preferably 
CR+FT+MN. We estimated yield gain of 86.52 %, a decrease in yield 
gap of 10.22 %, and an increase in net income of 51.29 % with the 
adoption of CR+FT+MN. These outcomes indicate that productivity and 
profit from maize production depend on the number and specific com
ponents of ISFM adopted by farmers [2], affirming the need to consider 
the effect of the individual components and their combinations when 
analyzing the impact of soil fertility management interventions. 

Despite the greater benefits from the adoption of CR+FT+MN, we 
found that farmers in northern Ghana are more likely to adopt CR+FT 
(37.4 % of farm households) or adopt FT (28.3 % of farm households). 
They are however less likely to adopt CR+MN (2.3 % of farm house
holds). Although policy makers and other stakeholders have so far 
focused on promoting the adoption of inorganic fertilizer as a solution to 
the prevailing low yields and high yield gaps for most of the crops in 
Africa [72], we found that while the adoption of inorganic fertilizer 
alone may be yield-enhancing, it may not necessarily be 
income-enhancing due to the potential cost implications of its adoption. 
We found that a total of about 20.1 % of the farmers who adopted only 
FT recorded negative returns. In addition, among the eight alternatives 
considered in this study, the benefit-cost ratio was lowest for adopters of 

FT only. The sole use of chemical fertilizers alone may therefore not be 
the only way of soil nutrient management and may not be enough for 
sustainable and profitable crop production [37]. A practice like crop 
rotation, which does not have a substantial effect on yield, appears to 
have a significant positive effect on income, due to its ability to enhance 
soil health and to suppress weeds and pests among other biotic and 
abiotic stresses [30,31], which can reduce production costs. Farmyard 
manure, which improves soil physical properties at a relatively lower 
costs, has both yield- (although not significant) and income-enhancing 
effects. With these observed effects, we anticipate that the joint adop
tion of crop rotation, inorganic fertilizer and farmyard manure could 
address multiple risks and enhance farm performance. The joint adop
tion of all three components of ISFM is associated with a benefit-cost 
ratio of 3.23, implying that it is profitable to jointly adopt all three 
components of ISFM in maize production. 

However, the adoption and impact of the ISFM alternatives/strate
gies on farm performance are influenced by different socioeconomic and 
institutional factors, farm/plot level variables, and by geographical/ 
location variables. Among the socioeconomic and institutional vari
ables, the most important factors influencing the adoption of the alter
native ISFM strategies are years of schooling, household labor capacity 
and the age of the head of the farm households. Both duration to the 
nearest daily marketplace and duration to the nearest district capital 
were found to be important factors affecting the adoption of ISFM 
strategies. For the farm/plot level variables considered in the analysis, 
those found to be the major factors of the adoption of ISFM are the maize 
area cultivated, ownership of draft animals, share of small ruminants in 
livestock held, the practice of contour farming, adoption of improved 
varieties and the value of farm implements. These results are consistent 
with earlier reports by Teklewold et al. [43], Kassie et al. [41], Tambo 
and Mockshell [63], Hörner and Wollni [70] and Setsoafia et al. [38]. 
While large-sized farms are likely to be equipped with more capital and 

Table 4 
Determinants of farmers’ adoption of ISFM practices.   

CR FT MN CR + FT CR + MN FT + MN CR+FT+MN 

Socioeconomic variables        
Male headed household 0.026 (0.451) − 0.305 (0.339) − 0.929* (0.547) 0.172 (0.348) − 0.488 (0.630) − 0.374 (0.476) 0.105 (0.579) 
Age of household head 0.005 (0.013) 0.003 (0.009) 0.010 (0.018) 0.003 (0.009) 0.012 (0.017) − 0.003 (0.013) 0.025** (0.012) 
Years of schooling 0.099*** (0.037) 0.082** (0.033) 0.118** (0.048) 0.055* (0.033) − 0.068 (0.104) 0.106*** (0.038) 0.116*** (0.041) 
Household labor capacity 0.075 (0.083) 0.066 (0.065) − 0.110 (0.130) 0.055 (0.066) 0.269*** 

(0.096) 
− 0.055 (0.090) − 0.011 (0.091) 

Institutional variables        
Access to credit 0.572 (0.573) − 0.080 (0.504) − 0.660 (1.107) 0.724 (0.474) 0.210 (0.946) 0.496 (0.608) 0.297 (0.641) 
Access to off-farm employment 0.142 (0.346) 0.167 (0.269) − 0.183 (0.466) 0.113 (0.266) − 0.119 (0.535) 0.094 (0.378) 0.612 (0.384) 
Farm/plot level variables        
Harvested maize area − 0.251*** 

(0.081) 
− 0.056 (0.035) − 0.069 (0.073) − 0.086** 

(0.043) 
− 0.516* (0.278) − 0.054 (0.051) − 0.134** 

(0.064) 
Livestock holding 0.026 (0.069) 0.002 (0.066) 0.051 (0.069) 0.034 (0.068) 0.051 (0.070) 0.054 (0.069) 0.037 (0.068) 
Ownership of draft animals 0.393 (0.647) 0.742 (0.579) 1.840** (0.790) 0.742 (0.602) 1.136 (0.732) 2.210*** (0.659) 2.709*** (0.658) 
Share of small ruminants in 

livestock 
0.005 (0.005) 0.0089** 

(0.0038) 
0.016** (0.007) 0.0093** 

(0.0038) 
− 0.005 (0.007) 0.016*** (0.005) 0.015** (0.006) 

Share of maize in total land area 0.659 (0.629) 0.353 (0.521) 0.966 (0.914) 0.542 (0.506) 0.615 (1.109) 1.236* (0.707) 0.194 (0.697) 
Practice of contour farming 0.869*** (0.331) − 0.087 (0.247) 1.086** (0.482) 1.039*** (0.248) 0.951* (0.514) 0.085 (0.358) 1.056*** (0.374) 
Field is prone to erosion 0.605 (0.599) 0.232 (0.503) 0.042 (0.819) 0.668 (0.496 1.353* (0.692) 0.466 (0.637) 0.378 (0.661) 
Black soil on farm 0.483 (0.341) − 0.193 (0.273) 0.294 (0.435) − 0.100 (0.275) 0.371 (0.516) − 0.618 (0.416) − 0.476 (0.417) 
Adoption of new/improved 

variety 
0.060 (1.043) 1.566** (0.767) 0.925 (1.251) 1.294 (0.788) 0.659 (1.341) 1.699* (0.878) 1.878** (0.882) 

Value of farm implements 0.001 (0.001) 0.0009** 
(0.0004) 

0.0010** 
(0.0004) 

0.0009** 
(0.0004) 

0.0009** 
(0.0004) 

0.0009** 
(0.0004) 

0.0009** 
(0.0004) 

Location/geographic variables        
Duration to nearest daily market − 0.012 (0.012) 0.001 (0.008) 0.027*** (0.009) − 0.017** 

(0.008) 
− 0.0003 (0.017) 0.0154* 

(0.0085) 
− 0.009 (0.011) 

Duration to nearest district 
capital 

− 0.005 (0.004) − 0.0048* 
(0.0025) 

0.0026 (0.0034) − 0.006** 
(0.0027) 

− 0.0048 
(0.0045) 

0.0009 (0.0032) 0.0008 (0.0037) 

Agro-ecological zone 1.092*** (0.379) 0.133 (0.299) 0.062 (0.442) 0.965*** (0.296) 0.035 (0.614) − 0.172 (0.428) 1.843*** (0.454) 
Intercept − 2.190** 

(0.975) 
0.147 (0.676) − 4.386*** 

(1.243) 
− 0.844 (0.689) − 3.224** 

(1.327) 
− 2.814*** 
(0.956) 

− 5.472*** 
(1.097) 

NB: ***, **, * represents 1 %, 5 %, and 10 % significance levels, respectively; (*) – robust standard errors. 
Source: Authors own computations. 
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resources that could enable them to invest in the ISFM practices, we 
found a negative association between farm size and the adoption of all 
the ISFM alternatives, although significant in four of the seven cases. 
This negative association may be attributed to uncertainty associated 
with the outcome of such investments, increasing cost of implementa
tion with increasing farm size, and market and price risks associated 
with maize production in the study area. 

Effort to address the constraints on farmers’ access to market, pro
mote the production of livestock (especially small ruminants and draft 
animals), educate farmers on the beneficial implications of ISFM, pro
mote the practice of contour ploughing/farming, and promote mecha
nization of production could enhance the adoption of the ISFM practices 
in the study area. It was found that farmers in the Guinea Savanna zone 
are more likely to adopt CR, CR+FT, and CR+FT+MN than their 
counterparts in the Sudan Savanna zone. 

6. Conclusion 

Using an inverse-probability-weighted-regression adjustment model 
to analyze data from 1038 maize farming households in northern Ghana, 
this study has shown that the joint adoption of the components of in
tegrated soil fertility management as a package leads to a synergy in 
yield gain, a major decrease in yield gap and enhances income from 
maize production. While the adoption of multiple components of ISFM 
could help to address overlapping constraints in production, the study 
finds that adopting the components as a package leads to increment in 
cost of production. However, the gains in yield for most of such com
binations outweigh the cost of adoption. In considering the adoption of 
crop rotation, fertilizer and farmyard manure as the component of ISFM 
for the study area, the study finds that the adoption of fertilizer alone 
(FT) is more appropriate in enhancing yield than adopting crop rotation 
(CR) or farmyard manure (MN) alone. It is however beneficial to 
combine crop rotation and fertilizer than adopt crop rotation alone. 
While some practices/combinations were found to be yield-enhancing, 
others were found to be income enhancing, while the joint adoption of 
all three components was found to be both yield and income-enhancing. 
Given the estimated yield and income gains from the adoption of all the 
three components, policy and other stakeholder efforts should be made 
to promote the adoption of the components as a package. Due to the 
capital-, labor-, and knowledge-intensive nature of the practices how
ever, efforts should be made to educate farmers on how these strategies 
can be efficiently and effectively implemented, and measures put in 
place to reduce liquidity, labor, and market access constraints that could 
hinder farmers’ adoption of the practices in combination. It was found 
that an increase in the value of farm implements (mechanization), the 
practice of contour farming, the adoption of improved maize varieties, 
and an increase in the share of small ruminants in livestock held (that 
can easily be liquidated to purchase inputs) enhance the adoption of 
ISFM. Policy efforts to promote the practice of mechanization, the 
adoption of improved varieties and contour ploughing/farming in maize 
production, and the promotion of the rearing of small ruminants by 
farmers can help to increase the performance of maize farmers in 
northern Ghana. Having found a significant effect of the location vari
able in the respective models estimated, we recommend that the pro
motion of the ISFM practices should be tailored to local conditions. 

Among the limitations of this study however is the use of a cross- 
sectional data, which precludes us from analyzing the dynamics of 
adoption of ISFM, and the use of proxies for some variables deemed 
relevant in technology adoption and impact assessments (including ac
cess to extension services, which was proxied with the duration to the nearest 
district capital) which were missing from the data. The use of a panel data 
or an updated/newer version of the current cross-sectional data in the 
near future for a similar study could be more informative. 
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