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Abstract

Sustainable intensification of African farming systems has been high on the agenda of research
and development programs for decades. System innovations such as integrated soil fertility
management (ISFM) and conservation agriculture have been proposed to tackle the complex
challenges farmers face. In this study, we assess how different factors at the plot, farm and
institutional level can influence the adoption of ISFM. We employed a stratified sampling
approach to randomly select 285 and 300 farmers in Tamale, northern Ghana and
Kakamega County, western Kenya, respectively. These two locations were selected to under-
stand the underlying reasons for their divergent adoption levels. Ordinal regression models
were used to identify determinants of adoption. In Tamale, adoption rates of ISFM are
much lower than in Kakamega. Only 3% of the farmers fully adopted the recommended prac-
tices compared with 36% in Kakamega. The low availability of improved seeds is a major rea-
son for the lower uptake of the complete ISFM paradigm in Tamale. The econometric analysis
revealed that plot level variables such as soil carbon, soil texture, slope and plot area had a
significant effect on the number of adopted ISFM components at both locations. Moreover,
family labor availability is also an important factor. Other farm and household characteristics,
such as off-farm occupation, livestock ownership, and membership in associations, matter for
Kakamega only. Key policy recommendations include promotion of locally available organic
resources and improved access to improved seeds in Tamale.

Introduction

Rapid population growth in sub-Saharan Africa (SSA) has challenged efforts for sustained
growth in agricultural productivity of smallholder agriculture. Although net agricultural pro-
duction in SSA has been growing since 1960, population growth has led to declines in per
capita production by 21% in East Africa, 40% in Central Africa and 22% in Southern
Africa. It only increased in West Africa (Pretty et al., 2011). As further area expansion is hardly
possible and fertility of agricultural soils is very limited due to strong weathering, the need to
sustainably enhance crop and livestock production is even more pressing (Pretty et al., 2011;
Vanlauwe et al., 2015). System innovations unlike single technologies such as fertilizer appli-
cation or the use of new high-yielding crop varieties, are integrated packages that often com-
bine several synergistic agronomic and management components to improve crop productivity
and environmental resilience (Noltze et al., 2012). These innovations have the potential to
improve food security in developing countries as they emphasize on sustainability that cuts
across the ecological, economic, social and cultural realms (Flora, 2010). System innovations
are thus critical for sustainable intensification. Following this definition integrated soil fertility
management (ISFM) is claimed to maintain or even enhance soil fertility while fostering eco-
logical resilience in an economically profitable and environmentally friendly manner
(Vanlauwe et al., 2010, 2015).

Despite great efforts of public and private actors for wide-scale dissemination, the uptake of
ISFM in SSA has been disappointing and partial adoption is common (Nkonya et al., 2012).
Constraints on ISFM adoption at the farm and household level are documented in numerous
studies (Mugwe et al., 2009; Odendo et al., 2009; Guteta and Abegaz, 2016; Mponela et al.,
2016), but analyses on plot level constraints including soil fertility parameters determining
potential yields are scarce. In this context, Noltze et al. (2012) showed that soil texture had
a significant effect on the adoption of the SRI (system of rice intensification) in Timor
Leste. Corbeels et al. (2014) in their multi-scale analysis also argued that parameters drawn
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from different scales of analysis, including soil fertility and yield
indicators, could determine the adoption of conservation agricul-
ture (CA). Given the heterogeneous nature of African soils
(Tittonell et al., 2005; Vanlauwe et al., 2007), we hypothesized
that soil fertility indicators have an influence on ISFM adoption.
This study hence seeks to contribute to the understanding of how
factors at the plot, farm and household level may hinder or pro-
mote the adoption of ISFM. To this end the study uses data from
two sites located in East and West Africa that differ in adoption
levels.

The ISFM paradigm

ISFM is a soil fertility management paradigm developed to coun-
teract the increasingly alarming rate of soil fertility decline in
Africa. Central to the ISFM paradigm is: (1) that no single com-
ponent of soil fertility management can on its own lead to sus-
tainable soil fertility management (Marenya and Barrett, 2007);
(2) that it is knowledge-driven rather than input-intensive
(Tittonell et al., 2008a); and (3) that the progressive adoption of
the different ISFM components maximizes agronomic efficiency
(AE) (Vanlauwe et al., 2010).

There exist different definitions of what constitutes ISFM in
the literature (Mugwe et al., 2009; Odendo et al., 2009; Guteta
and Abegaz, 2016; Mponela et al., 2016). We follow Vanlauwe
et al. (2010), who defined complete ISFM as a set of soil fertility
management practices that necessarily include the use of
improved germplasm, mineral fertilizers, and organic soil amend-
ments (i.e., animal manure, compost, mulching, and green man-
ures), combined with the knowledge of how to adapt these
practices to local conditions to maximize agronomic use efficiency
of the applied nutrients and improve crop productivity. Local
adaptation addresses several constraints, including soil acidity,
drought or moisture stress, hard pan formation and destruction
of the soil structure caused by soil erosion (Vanlauwe et al.,
2015). To address soil acidity, application of lime may be neces-
sary (Kisinyo et al., 2014; Vanlauwe et al., 2015). Drought stress
can be alleviated using water harvesting techniques such as tied
ridges (Kihara et al., 2011), whereas on hillsides soil erosion con-
trol such as through terracing should be implemented (Vanlauwe
et al., 2010). Other aspects of local adaptation are targeted manure
application (Vanlauwe et al., 2010), on-farm organic input recyc-
ling, improving efficiency of external inputs and integrating scien-
tific knowledge with indigenous knowledge in order to enable
sustainable intensification (Tittonell et al., 2008a). Integrating
indigenous knowledge with scientific knowledge is vital as farm-
ers often use their heritage knowledge to adapt technologies to
their local condition e.g., use of ridges to increase soil depth for
crops and to root them firmly in the soil to prevent adverse effects
of flash floods.

Based on this discussion, we defined the following levels of
adoption:

1. No adoption (NA): Farmers do not use any or use just one of
the components of ISFM as defined by Vanlauwe et al. (2010).

2. Partial adoption 1 (PA1): Farmers use any combination of two
ISFM components.

3. Partial adoption 2 (PA2): Farmers use any combination of
three ISFM components.

4. Complete adoption (CA): Farmers apply all of the ISFM
components.

Materials and methods

Identifying determinants of adoption

Often system technologies are adopted partially, that is, only some
of the components are applied by the farmer. Adoption of such
technologies has been estimated previously using different models
such as multivariate Bayesian (Aldana et al., 2011) or ordered pro-
bit models (Wollni et al., 2010). ISFM adoption, in particular, has
previously been estimated as a binomial process whereby it is
either adopted or not adopted (Mugwe et al., 2009; Odendo
et al., 2009; Adolwa et al., 2012) or as a correlated binomial pro-
cess of discrete choices (Marenya and Barrett, 2007). However, the
adoption of additional components of ISFM leads to an increase
in AE justifying the use of an ordered regression model (ORM).

According to Long and Freese (2001) the ORM is given as:

y∗i = Xib+ 1i, (1)

where y* is the latent variable for farmer i, εi is the random error,
Xi is a vector of independent variables, and β represents the para-
meters to be estimated. The measurement model divides y* into J
ordinal categories:

yi = m if Tm − 1 ≤ y∗i , Tm, for m = 1 to J, (2)

where the cut-points T1 through TJ−1 are estimated with the
assumption that T0 = −∞ and TJ =∞.

In our case, the observed independent categories are tied to the
latent variable by the measurement model:

yi =
1 � no adoption if T0 = −1 ≤ y∗i , T1

2 � partial adoption 1 if T1 ≤ y∗i , T2

3 � partial adoption 2 if T2 ≤ y∗i , T3

4 � complete adoption if T3 ≤ y∗i , T4 = 1.

⎧⎪⎪⎨
⎪⎪⎩ (3)

For a given value of x the probability of an observed outcome
is given as:

Pr(y = m x| ) = Pr(Tm−1 ≤ y∗ , Tm x| ). (4)

As shown in equation (4), the probability of observing y =m
for a given value of x relates to the region of the distribution
where y* falls between the cut-points Tm−1 and Tm. If y* is sub-
stituted with Xβ + ε then the predicted probability in the ORM
becomes:

Pr(y = m x| ) = F(Tm − Xb) − F(Tm−1 − Xb), (5)

where F is the cumulative distribution function (cdf) for ε. Since
we estimate an ordinal logit model, F is logistic with Var (ε) =
π2/3. Equation (5) can thus be simplified to:

Pr ≤= F(Tm − Xb) for m = 1 to J1. (6)

Equation (6) can be used to compute cumulative probabilities
for the ORM, which is equivalent to J−1 binary regressions
assuming that the slope coefficients (β) are identical across each
regression. This important assumption for the ORM is known
as the parallel regression or proportional odds assumption
(Long and Freese, 2001). The Stata command ‘omodel’ developed
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by Wolfe and Gould (1998) was used to test this assumption by an
approximate likelihood-ratio (LR) test.

It is common in empirical work that some β’s differ across
values of J resulting in the violation of the parallel regression
assumption. The partial proportional odds model overcomes
these restrictions by allowing some β coefficients to be the same
for all values of J, whereas others can differ (Williams, 2006).
The model is given as:

P Yi . J( ) = exp(ajX1ib1+ X2ib2+ X3ib3j)
1+ exp(aj + X1ib1+ X2ib2+ X3ib3j)

{ } ,
J = 1, 2, . . . , m− 1.

(7)

In the equation above the β’s for X1 and X2 are the same for all
categories J, while those of X3 are allowed to differ.

Description and specification of the models

An approximate LR test of proportionality of odds across categor-
ies was carried out on the ordinal logistic regression models for
Tamale and Kakamega. The parallel lines assumption was rejected
at the 5% level in both cases; Tamale (χ2 (23) = 44.39; Prob > χ2 =
0.0047) and Kakamega (χ2 (26) = 45.75; Prob > χ2 = 0.0097). The
violation of this assumption requires the use of the partial propor-
tional odds model. In the case of Tamale, constraints for parallel
lines were removed for slope and plot size (P < 0.05). For
Kakamega, the parallel lines assumptions was violated for plot
area (P = 0.015), % sand (P = 0.006), total carbon (P = 0.034),
and number of adult members in the household (P = 0.015).
The final models for both cases do not violate the parallel lines
assumption as their test statistics were insignificant (Tamale-χ2

(20) = 27.73; Prob > χ2 = 0.116 and Kakamega-χ2 (18) = 15.21;
Prob > χ2 = 0.647). Given that there were four adoption categories,
a series of logistic regression models were estimated in case of vio-
lation of the assumption:

• Model 1 – NA versus PA1 (combination of 2 components) and
PA2 (combination of 3 components) and CA (combination of
all 4 components);

• Model 2 – NA and PA1 versus PA2 and CA;
• Model 3 – NA and PA1 and PA2 versus CA.

If the variables met the proportional odds assumption their
parameter estimates would be identical in the three models and
could be combined into a single model. If this was not the case
different estimates are shown for the unique models. The models
were estimated in Stata 12 using the gologit2 (Williams, 2006)
program.

The study sites

The study was conducted in Tamale, Ghana and Kakamega,
Kenya (Fig. 1). Both sites are located in the moist savanna and
woodland zone that includes the Guinea Savanna of West
Africa and East Africa’s Highland Mosaic (Sanginga and
Woomer, 2009).

Tamale is a rapidly growing agglomeration and is considered
the fastest growing city in West Africa (Gyasi et al., 2014). It is
Ghana’s third largest city and the capital of its northern region.
Agricultural production is dominated by vegetable production

in backyards and open spaces within city confines. However,
cereal cultivation, particularly of maize (Zea mays L.) is still com-
mon even within the urban areas. Maize is a major staple crop in
Tamale and Kakamega and constitutes a large share of the dietary
intake of the local communities (Odendo et al., 2007; Chagomoka
et al., 2016). At the fringes of the city, beyond a 3 km radius from
the center, peri-urban agriculture is dominated by cultivation of
cereals such as maize and rice (Oryza sativa and Oryza glaber-
rima), tuber crops and vegetables. The rural areas surrounding
the city have predominantly cereal-based cropping systems with
maize as the dominant crop. Groundnut (Arachis hypogaea) is
the most common legume. Other crops grown include yams
(Dioscorea spp.), cowpea (Vigna unguiculata) and vegetables
that are mostly grown along field edges. Tamale receives an
annual rainfall of about 1100 mm, which is uni-modally distribu-
ted. Although the landscape is flat, sheet erosion is common due
to limited tree cover. The average altitude is 183 m above sea level
(asl). ISFM activities in the study area have been carried out by
organizations such as the Savanna Agricultural Research
Institute (SARI) for the past four years but mainly concentrated
on rural areas.

Kakamega County is one of the administrative units of Kenya
and consists of several urban centers including Kakamega (the
headquarters of the county). The rest of the county is pre-
dominantly rural. In the towns, mainly vegetables such as cabbage
(Brasssica oleracea), cowpea and kale (Brassica oleracea) are
grown. Other crops common in urban and peri-urban areas
include banana, bean (Phaseolus vulgaris) and maize. In the
rural areas, maize is the dominant staple grown mainly for sub-
sistence. Cash crops are also grown alongside maize; in the wetter
zone tea (Camellia sinensis) is cultivated, whereas in the less
humid zone sugarcane (Saccharum officinarum) is the main
cash crop. Cereal-legume intercropping systems dominate the
area with maize–bean systems being the most common. Due to
extensive ISFM activities over the last ten years soybean
(Glycine max), which has a high potential for value addition,
has gradually been incorporated in the cropping systems.
Kakamega receives as much as 2000 mm of rainfall per annum
in a bi-modal pattern. Therefore, most farmers take advantage
of this to crop twice per year. The landscape is steep in some
areas and average altitude is 1535 m asl.

Data collection: survey and laboratory analysis

Data were collected in a household survey between July 2014 and
February 2015. To select respondents, a stratified random sam-
pling approach was utilized at both sites. Farming households
were stratified into participants in ISFM activities and non-
participants. Participant farmers were randomly selected from
lists of participating farmers, which were compiled with the assist-
ance of extension officers, local research institutions, village elders
and lead farmers who had been involved in disseminating ISFM
activities. Non-participants were randomly selected from a list
of farmers, which was obtained from the Urban Foodplus project
in Tamale (Bellwood-Howard et al., 2015) and from the
Agricultural Sector Development Support Programme of Kenya
in Kakamega (Agricultural Sector Development Support
Programme, 2014). In this way, a total of 285 farmers were
selected in Tamale but information from three farmers was not
utilized for analysis due to missing data. In Kakamega, a total
of 300 farmers were selected, but one farmer had to be dropped
because his soil samples got lost. Face-to-face interviews using a
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structured questionnaire were conducted. The questionnaire con-
tained sections on socio-demographic characteristics of house-
hold members, farm characteristics, crop production and
management, as well as off-farm activities. The reference period
for all economic activities comprised the last 12 months prior
to the interview.

In addition, soil samples (0–20 cm depth) were drawn from
322 and 459 maize plots belonging to farmers interviewed in
Tamale and Kakamega, respectively. Some of these maize plots
were closer to their homesteads (in-fields) whereas others were
further away (out-fields). These samples were taken to capture
information on soil fertility indicators influencing ISFM uptake
at the plot level. Farmers often use local soil quality indicators
such as tilth (or the ‘feel’ of the soil), soil color, workability of
the soil, productivity in terms of crop yield, vigor of growth or
intensity of leaf color and the presence of soil fauna (Barrios
et al., 2006; Mairura et al., 2007). Therefore, we deemed it appro-
priate to collect data on key chemical and physical indicators such
as soil organic carbon (SOC), total C, total nitrogen (N), available
phosphorus (P), pH and soil texture (% clay, % sand, % silt) that
may mirror these indigenous criteria. To this end three to five
sub-samples were collected from each maize field cultivated (as
long as it was accessible) in the previous season. These sub-
samples, mixed to form a composite sample, were immediately

air-dried and sieved to 2-mm. Subsequently, a subsample of the
soil (about 10%) was subjected to laboratory analysis: SOC
(Walkley–Black method), available P as Bray-P, pH water (2.5 :
1 water) and soil texture were determined according to Okalebo
et al. (1993). Elemental analysis (combustion method) was used
to determine total N and C after grinding samples to 0.5 mm.
The FLASH 2000 Organic Elemental Analyzer Thermo
Scientific (Thermo Fisher Scientific Inc. Waltham, MA, USA)
was used for this purpose. This instrument allows rapid, precise
and environmental-friendly determinations of C, N and sulfur
in soils and other materials (Jimenez and Ladha, 1993). The dry
combustion used by this instrument provides more reliable data
of SOC than the Walkley–Black method (Terhoeven-Urselmans
et al., 2010). Unused portions of the samples were subjected to
mid-infra-red (MIR) analysis. Non-destructive infra-red spectros-
copy (NIRS) methods offer a quick, efficient, accurate and cost-
efficient means of analyzing large numbers of soil samples
(Viscarra Rossel et al., 2006). The instrument used for analysis
was a TENSOR 27 HTS-XT (Bruker Co., Billerica, MA, USA)
MIR spectrometer. This instrument captures MIR spectral data
using the HTS-XT diffuse reflectance method with spectral meas-
urement ranging between 4000 and 400 cm−1 with 4 cm−1 reso-
lution (3578 data points). Each sample was loaded onto an
aluminum microtiter plate, which has 96 wells or shallow holes,

Fig. 1. Map of the two study sites in Ghana and Kenya.
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in two replicates. Two spectra from each sample were averaged
before calibration and analysis. For principal components analysis
(PCA) and partial least-squares regression, about 90% of the MIR
spectra were chosen for calibration and the remaining 10% were
used for validation. Partial least-squares regression was carried
out on the calibration set with reference values obtained from
the conventional soil analysis. Following Terhoeven-Urselmans
et al. (2010), prediction performance was determined using the
coefficient of determination (r2) of the linear regression of

predicted against measured values, the root-mean-square errors
of calibration (RMSEC), and the root-mean-square errors of pre-
diction (RMSEP).

Hereby RMSEC is computed as

RMSEC =
����������������∑N

i=1(yi − xi)2
N − A− 1

√
, (8)

Fig. 2. Calibration models for key parameters from the topsoil of farmers’ maize fields in Tamale, Ghana. RMSE, root-mean-square error.
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Fig. 3. Calibration models for key parameters from the topsoil of farmers’ maize fields in Kakamega, Kenya. RMSE, root-mean-square error.
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where A is the number of principal components used in the
model.

In general, good predictions have an r2⩾ 0.75, whereas satis-
factory predictions have an r2 of 0.65–0.74 (Shepherd and
Walsh, 2002; Terhoeven-Urselmans et al., 2010). R software was
used to conduct PCA and partial least-squares regression, which
were in turn utilized to generate predicted values for the soil
variables.

Results and discussion

Prediction of soil data using calibration models

Predictions for available P, pH, total C and N were good for
Tamale soils whereas soil texture predictions were mixed
(Fig. 2). Predicted values for soil texture were thus readjusted
using the more reliable values of sand and silt. Janik et al.
(1998) have suggested that large residuals may arise as a result
of errors in the primary laboratory method rather than the spec-
troscopy method. For Kakamega, all soil parameter predictions
had an r2 > 0.75 (Fig. 3).

Use of ISFM components and their combinations

Figure 4 shows the use of individual components of ISFM and
their combinations for the two study sites. In Tamale, about 2%

of the farmers’ plots do not use any ISFM practices, whereas in
Kakamega this share is negligible. The share of farmers in
Tamale adopting improved germplasm either solely or in combin-
ation with other technologies does not exceed 5%. The extremely
low adoption of improved germplasm in Tamale could be attrib-
uted to the low availability of improved maize seeds in the local
market.

For the econometric analysis we defined complete ISFM adop-
tion as adopting all components of ISFM. Partial adoption refers
to the use of two or three individual components of ISFM as out-
lined previously. No adoption is much more widespread in
Tamale compared with Kakamega (Table 1). 28% of the farmers
in Tamale do not use any or use just one of the components of
ISFM compared with 3% in Kakamega. Moreover, the use of
any combination of two ISFM components (PA1) is higher in
Tamale, while partial adoption 2 and complete adoption is
much more common on plots in Kakamega.

Determinants of ISFM adoption

Descriptive statistics of all the variables used in the econometric
models are shown in Table 2. The estimation results on the deter-
minants of ISFM adoption on the plot level are presented in
Table 3 for Tamale and Table 4 for Kakamega. The first column
shows the estimated coefficients, while the following columns
indicate the marginal effects. For clarity, we present marginal
effects for significant factors only. They can be interpreted as
the change in the probability of observing a certain adoption
level for a marginal change in the independent variable. For
dummy variables, they indicate the change in probability for a
change in the independent variable from zero to one.

Concerning plot level characteristics, in Tamale higher clay
content (P < 0.1) reduces the number of ISFM components
adopted (Table 3). A unit increase in clay content decreases the
likelihood of complete adoption by 2%. It is well known that
many West African soils are inherently infertile having not bene-
fited from volcanic rejuvenation (Bationo et al., 1998). As these
soils are mainly Ochrosols and are derived from sandstone parent
material (Braimoh and Vlek, 2006), they generally have low clay

Fig. 4. Use of individual components of ISFM and their com-
binations at plot level. F, fertilizer; IG, improved germplasm;
ORG, organic fertilizer; LA, local adaptation.

Table 1. Adoption of ISFM per plot.

ISFM adoption level Tamale (%) Kakamega (%)

No adoption (NA) 28 3

Partial adoption 1 (PA1) 43 21

Partial adoption 2 (PA2) 26 40

Complete adoption (CA) 3 36

Notes: No adoption (NA): Farmers do not use any or just one of the components of ISFM as
defined by Vanlauwe et al. (2010); Partial adoption 1 (PA1): Farmers use any combination of
two ISFM components; Partial adoption 2 (PA2): Farmers use any combination of three ISFM
components; Complete adoption (CA): Farmers apply all of the ISFM components.
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content. Where clay content is low, soil cation exchange capacity
(CEC) depends mostly on the top-soil carbon content (Buerkert
et al., 2000). However, organic amendments such as manure
and compost are often scarce and labor-demanding (Schlecht
et al., 2007). Hence, the capacity of these soils to bind to nutrients
and make them available to plants is low. Thus it may not
be entirely surprising that farmers, who are often resource-
constrained, may opt to judiciously allocate scarce inputs across
their fields opting to use less on plots they perceive to be fertile,
so as to raise overall crop productivity (Schlecht and Buerkert,
2004).

In Kakamega, a unit increase in total C increases the likelihood
of complete adoption by 42% (Table 4). The higher soil fertility in

Kakamega is depicted by the higher PCA scores of the various
technical soil fertility indices including total C (Fig. 5). The
enhanced soil carbon content here is likely to elevate soil CEC
increasing the availability of applied nutrients to plants. The
higher rainfall received in this region coupled with the higher
organic matter is likely to provide suitable conditions for faunal
and microbial activity increasing mineralization and lowering
C : N ratios. This leads to higher crop productivity, which is likely
to induce farmers to intensify crop production. Moreover, it was
reported that input use intensification is often higher in the more
densely populated and fertile regions of Africa, such as western
Kenya, than in the less densely populated and intensely used
areas of West Africa (Tittonell et al., 2008b; Giller et al., 2011).

Table 2. Descriptive statistics of all the variables used in the econometric models for Tamale (Ghana) and Kakamega (Kenya).

Tamale Kakamega

Means Means

All NA PA1 PA2 CA All NA PA1 PA2 CA

Plot level characteristics

Clay (%) 3.78 3.99 3.89 3.52 2.44 38.74 34.08 38.22 38.83 39.33

2.95 3.04 2.98 2.94 1.12 9.39 10.29 10.02 8.92 9.40

Sand (%) 52.33 54.73 50.40 52.53 56.02 49.09 54.60 49.23 48.73 48.93

13.97 11.65 14.62 15.28 8.94 12.17 12.81 13.59 11.93 11.49

Total carbon (%) 0.74 0.81 0.74 0.69 0.62 1.55 1.41 1.54 1.54 1.58

0.59 0.55 0.70 0.42 0.37 0.45 0.49 0.49 0.43 0.45

pH 6.19 6.24 6.18 6.14 6.44 5.18 5.16 5.21 5.19 5.16

0.83 0.85 0.87 0.76 0.59 0.21 0.21 0.18 0.21 0.22

Available phosphorus (mg kg−1) 8.38 8.86 8.20 8.27 7.64 9.81 10.60 10.51 9.62 9.53

3.64 3.31 3.43 4.03 5.64 5.33 6.10 6.39 5.03 4.91

Slope (0 = flat, 1 = medium or steep) 0.06 0.10 0.04 0.06 0.00 0.35 0.29 0.35 0.32 0.38

0.24 0.30 0.19 0.24 0.00 0.48 0.47 0.48 0.47 0.49

Plot size (acres) 1.74 1.64 1.79 1.84 1.22 0.56 0.65 0.42 0.59 0.60

1.32 1.33 1.39 1.25 0.39 0.65 0.61 0.40 0.55 0.84

Household and farm characteristics

Adult HH members (no.) 7.76 7.10 8.03 8.10 7.10 4.25 3.00 4.37 4.35 4.18

4.40 3.93 4.75 4.31 4.04 2.21 1.30 1.99 2.24 2.34

HH head age (yrs) 52.63 53.42 52.75 52.07 48.80 53.35 50.79 54.05 53.48 53.01

13.60 13.21 13.56 14.39 11.74 12.90 13.21 13.35 13.34 12.16

HH head education (yrs) 2.17 2.15 1.94 2.52 2.90 9.02 6.29 8.64 9.27 9.17

4.79 4.98 4.48 5.00 5.98 3.93 4.27 4.02 3.99 3.70

Off-farm occupation (%) 72.08 68.54 75.54 71.55 60.00 58.17 57.14 45.26 59.14 64.63

44.97 46.70 43.14 45.54 51.64 49.38 51.36 50.04 49.29 47.96

Tropical livestock units1 3.87 3.76 3.69 4.57 1.59 2.20 1.02 1.65 2.25 2.56

7.25 8.67 5.07 8.91 1.52 2.06 1.15 1.71 2.14 2.13

Association membership (%) 66.15 67.42 69.78 58.33 70.00 70.15 42.86 58.95 70.43 78.66

47.39 47.13 46.09 49.60 48.30 45.81 51.36 49.45 45.76 41.10

1Tropical livestock units (TLUs) computed following Jahnke (1982) and Odendo et al. (2009).
Notes: HH stands for household, and no. for number; NA stands for no adoption, PA1 for partial adoption 1, PA2 for partial adoption 2, and CA for complete adoption. Standard deviation is in
italics.
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Mairura et al. (2007) similarly reported preference of farmers in
central Kenya to plant high value crops in soils they perceived
to be fertile as judged by the darkness of their color, as it is com-
monly assumed that the soils have higher soil organic matter
(SOM) concentration. The concentration of nutrients by farmers
in western Kenya could also be attributed to differences in
resource endowment among heterogeneous farming households
whereby resource-rich farmers continually enrich their fields
with fertilizer and organic inputs (Tittonell et al., 2005;
Vanlauwe et al., 2015). Indeed, this is affirmed by the positive
influence of off-farm occupation on the uptake of the complete
set of ISFM practices (P < 0.01) at this location (Table 4).

Soil texture has been linked to the workability of a soil and is
known to be an important indicator of soil quality (Barrios and
Trejo, 2003; Barrios et al., 2006). While an increase in sand con-
tent (P < 0.1) decreases the number of ISFM components used in
Tamale (Table 3), it (P < 0.01) increases the probability of

complete ISFM uptake in Kakamega (Table 4). A unit increase
in sand content increases the likelihood of complete ISFM adop-
tion by about 2%. Soils that have been described to be permeable
and easy to work with tools i.e., sandy soils, are often preferred by
farmers (Desbiez et al., 2004). This is particularly important
where farmers rely more on manual labor than on mechanized
equipment to plough, as in Kakamega’s case. According to
Mango (1999), farmers in western Kenya prefer soils that are
light and easy to work with. Hence, they are likely to invest soil
fertility technologies, especially the labor-intensive ones, in
fields with such soils. However, in Tamale the workability of
soils is not an issue and may even have an adverse effect on
ISFM adoption, because farmers here tend to use tractors for
ploughing.

Other plot level characteristics such as slope and plot size also
influence ISFM adoption at both sites. In Tamale, a steeper slope
(P < 0.01) decreases the number of ISFM components adopted

Table 3. Results for the generalized logit model and marginal effects (dy/dx) for ISFM adoption in Tamale, Ghana.

ISFM adoption levels (marginal effects)

NA PA1 PA2 CA

Combined model

Clay (%) −0.092 (0.050)* 0.018 (0.010)* 0.001 (0.002) −0.017 (0.009)* −0.002 (0.001)

Sand (%) −0.019 (0.011)* 0.004 (0.002) 0.000 (0.000) −0.003 (0.002)* −0.000 (0.000)

Total carbon (%) −0.328 (0.308)

pH 0.299 (0.235)

Available P (mg kg−1) −0.034 (0.064)

Adult HH members (no.) 0.043 (0.026)* −0.008 (0.005)* −0.000 (0.001) 0.008 (0.005) 0.001 (0.001)

HH head age (yrs) −0.011 (0.008)

HH head education (yrs) 0.012 (0.024)

Tropical livestock units1 −0.003 (0.021)

Assoc. membership (D)2 −0.266 (0.266)

Unique model: NA versus PA1,PA2,CA

Slope (D)3 −0.842 (0.472)

Plot size (acres) 0.084 (0.107)

Unique model: NA, PA1 versus PA2,CA

Slope (D)3 −0.046 (0.583)

Plot size (acres) 0.030 (0.104)

Unique model: NA, PA1, PA2 versus CA

Slope (D)3 −6.863 (0.486)*** −0.123 (0.043)***

Plot size (acres) −0.467 (0.161)*** −0.008 (0.003)**

Observations 322

Wald χ2 (16) 251.00

Prob > χ2 0.000

Pseudo R2 0.030

Log pseudolikelihood −367.622
1Tropical livestock units (TLUs) computed following Jahnke (1982) and Odendo et al. (2009).
2Dummy for association membership; 1, member of an agricultural association.
3Dummy for slope; 1, medium or steep slope.
Notes: HH stands for household, P for phosphorus, no. for number, yrs. for years and assoc. for association; NA for no adoption, PA1 for partial adoption 1, PA2 for partial adoption 2, and CA
for complete adoption. Robust standard errors are in parentheses.
*P < 0.1, **P < 0.05, ***P < 0.01.
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(Table 3), whereas in Kakamega it (P < 0.1) is the reverse
(Table 4). The latter result makes sense as farmers owning fields
with steep slopes are expected to employ soil conservation tech-
nologies such as terraces. Kakamega is characterized by very
steep terrain in some places and hence such innovations are
necessary to avoid soil erosion. Similar results were reported by
Wollni et al. (2010), where slope had a positive effect on the adop-
tion of soil conservation technologies. In Tamale, however, farm-
ers consider fields that have steep or undulating terrain to be

marginal. A factor that may preclude them from investing in
soil fertility innovations. At both locations, plot size (P < 0.01)
reduces the number of ISFM components adopted. In Tamale, a
marginal increase in acreage decreases the likelihood of complete
adoption by about 1%. In Kakamega, it increases the probability
of non-adoption by also about 1%. As production inputs are
costly and organic amendments are often unavailable or require
considerable labor outlays, using ISFM on larger parcels of land
may not be possible.

Table 4. Results for the generalized logit model and marginal effects (dy/dx) for ISFM adoption in Kakamega, Kenya.

ISFM adoption levels (marginal effects)

NA PA1 PA2 CA

Combined model

Clay (%) 0.017 (0.032)

pH −0.225 (0.546)

Available P (mg kg−1) −0.023 (0.026)

Slope (D)1 0.344 (0.207)* −0.005 (0.003) −0.054 (0.033)* −0.018 (0.013) 0.077 (0.047)*

HH head age (yrs) 0.009 (0.008)

HH head education (yrs) 0.015 (0.029)

Off-farm occupation (D)2 0.643 (0.220)*** −0.008 (0.005)* −0.102 (0.036)*** −0.034 (0.016)** 0.144 (0.049)***

Tropical livestock units3 0.212 (0.069)*** −0.003 (0.002)* −0.034 (0.011)*** −0.011 (0.006)** 0.048 (0.016)***

Assoc. membership (D)4 0.745 (0.240)*** −0.010 (0.005)* −0.118 (0.039)*** −0.040 (0.019)** 0.167 (0.054)***

Unique model: NA versus PA1,PA2,CA

Sand (%) −0.077 (0.055)

Total carbon (%) −1.397 (1.704)

Plot size (acres) −0.689 (0.243)*** 0.009 (0.004)**

Adult HH members (no.) 0.567 (0.238)** −0.007 (0.002)***

Unique model: NA, PA1 versus PA2,CA

Sand (%) 0.007 (0.035)

Total carbon (%) −0.096 (0.865)

Plot size (acres) −0.018 (0.205)

Adult HH members (no.) −0.080 (0.067)

Unique model: NA, PA1, PA2 versus CA

Sand (%) 0.084 (0.032)*** 0.019 (0.007)***

Total carbon (%) 1.877 (0.746)** 0.422 (0.168)**

Plot size (acres) −0.237 (0.182)

Adult HH members (no.) −0.129 (0.056)** −0.029 (0.013)**

Observations 459

Wald χ2 (16) 61.16

Prob > χ2 0.000

Pseudo R2 0.071

Log pseudolikelihood −497.432
1Dummy for slope; 1, medium or steep slope.
2Dummy for off-farm occupation; 1, HH with off-farm occupation.
3Tropical livestock units (TLUs) computed following Jahnke (1982) and Odendo et al. (2009).
4Dummy for association membership; 1, member of an agricultural association.
Notes: HH stands for household, P for phosphorus, no. for number, yrs. for years and assoc. for association; NA for no adoption, PA1 for partial adoption 1, PA2 for partial adoption 2, and CA
for complete adoption.
Robust standard errors are in parentheses.
*P < 0.1, **P < 0.05, ***P < 0.01.
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Concerning farm and household level variables, we found that
the number of adult household members increases the likelihood
of adoption at both sites (Tables 3 and 4). This seems plausible as
the use of ISFM components requires considerable amounts of
labor. Moreover, off-farm employment (P < 0.01) increases the
number of ISFM components adopted in Kakamega. Having off-
farm occupation increases the likelihood of complete ISFM adop-
tion by 14% (Table 4). Off-farm activities are an important source
of income for many households and our results suggest that this
additional income can foster ISFM adoption.

Farmer associations (P < 0.01) are also important for increas-
ing ISFM adoption in Kakamega (Table 4). Membership in asso-
ciations increases the likelihood for complete adoption by almost
17%. Farmer associations are the main platforms for delivery of
extension messages and trainings, particularly in rural areas.
They also facilitate linkages with institutions that provide farm
inputs, information and credit. Farmers’ participation in associa-
tions has been shown to spur the uptake of system innovations
(Ogunlana, 2004; Noltze et al., 2012). The prominence of associa-
tions in Kakamega, particularly in terms of influencing complete
adoption, could be attributed to the cohesive nature of farmer
groupings that has been fostered by group liability; an innovative
tool applied by various microfinance institutions e.g., One Acre
Fund, operating in Kenya. The role of institutions is crucial for
the successful scale-up of ISFM beyond plot-level as they are envi-
saged to foster enabling environments thus minimizing risks to
investments in sustainable innovations (Vanlauwe et al., 2014).
The variable membership in farmer associations could potentially
be endogenous due to self-selection of farmers into groups and
the appropriate interpretation of the influence is then one of stat-
istical association rather than causality. We also estimated both
models without this variable to test for systematic bias. The
results, which are available from the authors on request, hardly
change in terms of magnitude and their significance levels imply-
ing that the other estimates would be valid even if membership in
farmer associations is endogenous.

Another variable of interest is livestock ownership, which sig-
nificantly (P < 0.01) influences ISFM adoption in Kakamega, but
has no effect in Tamale (Tables 3 and 4). A unit increase in

tropical livestock units (TLUs) enhances the probability of com-
plete adoption in Kakamega by almost 5%. Livestock ownership
is apparently important for complete ISFM adoption, which
necessitates the integration of manure; a major source of SOM
(Schlecht et al., 2007). The lack of effect in Tamale is due to
the low use of manure on maize fields even by adopters.
According to Giller et al. (2011), farmers in the Guinea savanna
zone of Ghana use little or no manure.

Conclusions and recommendations

Our results highlight the importance plot level factors, particu-
larly soil texture, soil carbon, and plot size, for the analysis of
ISFM adoption. Interestingly, access to fields with higher clay
content seems to preclude farmers from intensifying input use
in Tamale. This is consistent with farmers’ tendency to judi-
ciously allocate scarce resources. In Kakamega, however, higher
total C tends to spur complete ISFM adoption. Therefore, the dif-
ferentiated soil quality influence on farmers’ adoption decisions
may be due to agro-ecological differences and underlying soil fer-
tility constraints.

In Tamale, we find that adoption decisions by farmers are
mainly influenced by plot level factors, with the exception of the
availability of household labor. For Kakamega, we found that
household and farm level factors are important determinants of
ISFM adoption. These include off-farm income, livestock owner-
ship and membership in farmer associations, suggesting that only
resource-endowed farmers are able to adopt ISFM innovations.

Low clay content in Tamale seems to be a major constraint to
crop production. This coupled with the relatively low use of
organic resources portends negative ramifications for SOM
buildup and uptake of nutrients. Therefore, extension and other
change agents may promote farmer use of locally available
amendments such as shea butter chaff. The supplementary use
of shea butter chaff, a by-product of shea butter processing
from the Shea tree (Vitellaria paradoxa) could be a viable option
at least for small-scale producers in Tamale. Strengthening of
farmer associations, particularly in Kakamega, is also important
as they play an important role in exposing farmers to new ideas
and concepts and linking them to relevant institutions. In
Tamale, improved seeds are hardly available for farmers due to
structural problems in the maize seed sector in Ghana. In an
effort to correct this, Ghana’s parliament introduced a seed law
(the Ghana Plant Breeders Bill) to protect plant breeders’ rights.
However, even if the bill will pass, the distribution of improved
seeds also needs to be enhanced.

The results for Kakamega show that off-farm income sources
are important drivers of ISFM adoption thus income shortfalls
are likely to hinder farmers from applying the full set of ISFM
practices. In this light, governmental programs to improve access
to credit could help to increase the use of improved seeds and to
cushion farmers against the risks associated with the adoption of
system innovations. These interventions would facilitate the
farmer to explore the combination of different ISFM technologies
under prevailing local conditions to optimize resource and nutri-
ent use efficiency for the sustainable increase in crop productivity.
However, further research on the impact of ISFM adoption on
yields and household incomes and the benefits and costs of differ-
ent strategies to foster ISFM adoption is required.
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