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ABSTRACT

Sustainable soil nutrient management (SNM) is important for improving soil
resources and food security in sub-Saharan African countries. Inherent livelihood
diversity may lead to differences in household behavior in the adoption of SNM
practices, thus challenging policy interventions uniformly implemented. This study
aims at exploring the responsive heterogeneity in household behavior in the
adoption of fertilizer use by farmers. Determinants of fertilizer uses were analyzed
across different farm types. These farm types were identified from farm-household
data collected in six villages in the South Western of Burkina Faso using the
Sustainable Livelihood Framework. Using multilinear and binary logistic models,
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determinants of mineral, organic and combined mineral-organic fertilizer uses were
analyzed. The results revealed that the determinants of SMN adoption include not
only common determinants to whole sampled population (income, household size,
access to roads and cereal areas), but also specific determinants to farm types
(small ruminants, animal power, educational level and access to agro-training). This
finding suggests that policy interventions will not be effective if the responsive
heterogeneity in SNM adoption behavior is not taken into account. The study
recommends the use of the presented framework, as an approach, to identify
functional farm types to be considered in SNM policies.

1. Introduction . . . . .
characterized by alarming soil nutrient depletion

Hunger and undernourishment are still rife in Sub-
Saharan Africa. For decades food insecurity affects
many countries without any improvement (FAO,
2006; FAO, 1993; FAO et al., 2013; FAO et al., 2020)
despite numerous interventions. In Burkina Faso, in
particular, 47.7% of the total population was food
insecure, while 19.2% were undernourished in 2017-
2019 (FAO et al., 2020). Food insecurity fails house-
holds to ensure sustainable food production (Dever-
eux & Maxwell, 2001; Devereux, 2009). Most
cropping systems in Sub-Saharan Africa (SSA) are

(Stoorvogel & Smaling, 1990; Bationo et al., 1998;
LAL, 1995; Cobo et al.,, 2010; Van Beek et al., 2016).
Soil degradation affects food security through low
crop yields and reduced household income (LAL,
2009; STOCKING, 2003; Pimentel & Burgess, 2013;
Grote, 2014; Dzanku,Jirstrom, & Marstorp, 2015).
Combatting food insecurity requires tackling soil
nutrient mining issues while improving food pro-
ductivity and profitability. Adoption of proven soil fer-
tility management practices (e.g. mineral and organic
fertilizers) can improve crop productivity (LAL, 2009;
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Vlek et al., 1997; Ingram et al., 2008). Indeed, mineral
fertilizers are the shortest way for replenishing soil
with macronutrients and avoiding widespread nutri-
ent mining. Organic fertilizers improve soil fertility
(Gaur & Singh, 1993) and smallholders are unable to
purchase mineral fertilizers (Palm et al, 2001). It
improves soil's physical properties through the
strengthening of organic matter (Vanlauwe & Giller,
2006; Palm et al., 1996; Ding et al., 2012; Koérschens
et al,, 2012). Organic fertilizer provides the soil with
microorganisms which are vital to biological func-
tions, allowing nutrient cycling leading to the
release of nutrients (Craswell & Lefroy, 2001).
Beyond macronutrients, it can contain micronutrients
(Cu, B, Zn, Mn, Mo) which greatly increase soil pro-
ductivity (Parr & Colacicco, 1987). The combined use
of organic and mineral fertilizers reduces nitrogen
losses in sole mineral fertilizer use (Neeteson, 1993).
It was reported to generate better yields than the
sole use of mineral fertilizers (Ding et al., 2012;
Kearney et al, 2012; Kismanyoky & Toéth, 2013;
Mucheru-Muna et al., 2007).

However, the adoption of Sustainable Land Man-
agement (SLM) practices by smallholders, including
Sustainable Nutrient Management (SNM) practices,
remains very low in SSA (Place et al., 2003; Bationo
et al, 2006; Chianu et al., 2012; Chianu et al., 2012b;
Anley et al, 2007). Inefficient agricultural policies
(Anley et al, 2007) result in the low adoption of
SNM. Indeed, interventions promoting SNM adoption
often implement uniform policies while the farmers’
population is characterized by inherent social and eco-
logical diversity, as highlighted by (Ojiem et al.(2006).
It is necessary to better understand factors affecting
farmers’ adoption and based on that to inform policy
leveraging farmers’ incentive to adopt.

Most studies (Makokha et al., 2001; Waithaka et al.,
2007; Adesina, 1996; Chianu & Tsujii, 2005; Lambrecht
et al,, 2014; Kassie et al., 2013) analyzed the effects of a
range of different factors on nutrient adoption/use
but with a uniform affecting pattern. However, given
an affecting factor, its significance, affecting direction
and magnitude can be different over different types
of farms/farmers. This responsive heterogeneity
needs to be understood.

Therefore, the research questions of the present
paper are (i) what are the common determinants of
mineral and organic fertilizer uses? (ii) What are the
farm/farmer type-specific determinants of mineral
and organic fertilizer uses? We formulate the following
hypotheses: (i) there are particular factors affecting

mineral and organic fertilizer uses in the same pat-
terns; (i) different farm types (with distinct agricultural
livelihood systems) can respond differently to the
same affecting factor in different circumstances (sig-
nificance level, affecting direction and magnitude).

2. Material and methods
2.1. Study area

The study was conducted in the South-Western
region of Burkina Faso in 2013-2014. The region rep-
resents 6% of the country’s territory (INSD, 2009a)
and 4.32% of its population in 2014 (772,973 inhabi-
tants) according to projections by INSD (2009b).
Around 88% of the population lives in rural areas.
Population density in loba province is the highest in
the region (59.0 inhabitants/km?)(INSD, 2009a) and
is situated above the average at the country level
(51.8 inhabitants/km?). Annual population growth is
estimated to be 1.8% and the population is domi-
nated by females (52%)(INSD, 2009b; INSD, 2013).
Due to land pressure, the use of fallow for replenishing
soil fertility has considerably dropped (DREP/Sud-
Ouest and PNGT, 2000). loba province was identified
to have the most degraded lands in the south-
western region (MAHRH and GTZ, 2004). Mineral fertili-
zers and compost uses remain low (MAHRH, 2010;
Gleisberg-gerber, 2012). These characteristics guided
the choice of the province for conducting the present
study. Three communes (Dano, Koper and Ouessa)
were selected (Figure 1) based on land use, population,
land degradation information and programmes pro-
moting sustainable land use management. Soils are
generally shallow, inherently poor and vulnerable to
erosion. Washed ferruginous tropical indurated soils
form dominating soil types. Livelihood activities com-
prise mainly rain-fed agriculture, trade, handicraft and
mining. The main agricultural components are
cereals, cotton (the main cash crop) and animal hus-
bandry. The study area belongs to the South-Sudanian
climatic zone with savannah vegetation and mono-
modal rainfall. Average annual rainfall varies between
900 and 950 mm and the province experiences
erratic rainfall variability (MAHRH and GTZ, 2004).

2.2. Methods and data

2.2.1. Conceptual framework
The conceptual framework of this study (Figure 2) is
based on Sustainable Livelihood framework (DFID,
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Figure 1. Study area.

1999; De Sherbinin et al., 2008; Sconnes, 1998). The
adoption/use of sustainable land management prac-
tices by the farmer/farm is a function of available
resources (Jones, 2002). The readiness of farmers to
apply soil nutrients is not just affected by the percep-
tion of soil fertility. It is also determined by farm assets
(e.g. natural, physical, financial, social and human
assets). In pursuing its livelihood objectives (e.g.
food security and well-being), the farmer mobilizes
and allocates its assets within a livelihood strategy.
This strategy needs to be accounted for when analyz-
ing soil fertility management.

Given the level of asset endowment, farmers will
have more or fewer options for building livelihood
strategies (DFID, 1999). They will, therefore, be more
or less inclined to adopt and use soil nutrients. For
instance, a farm above the poverty line can still
choose to use its financial resources for consumption,
savings or other types of investment rather than
investing in soil fertility (Reardon & Vosti, 1995). Poor
endowment in physical assets (e.g. road and communi-
cation facilities) reduces farm exposition to SNM tech-
nologies and access to markets for mineral fertilizer
acquisition. Farm tools and equipment are useful for
composting and transportation of fertilizer to plots.

500000 520000 540000

Besides being an important source of cash (Murung-
weni et al, 2014) facilitating farm acquisition of
mineral fertilizer, livestock provides draught power
and manure. Also, the availability of natural assets
such as land may lead to extensive farming while
land constraints may compel farmers to use more fer-
tilizer (Tittonell et al, 2005a). Social assets (e.g. net-
works) provide learning opportunities and improve
farm access to fertilizer (e.g. credit system, remit-
tances). Livelihood-based farm typology gives, there-
fore, more insight into soil fertility management
(Bidogeza et al., 2009; Tittonell et al., 2005b; Tittonell
etal, 2010; Oumer et al., 2013). Besides common deter-
minants, there are farm-type-specific factors that
influence the response of farms to soil degradation
and, therefore, affect the adoption/use of soil nutrients.
This specific responsiveness is inherent to the level of
asset endowment and the farm livelihood strategy
profile. It may change over time with the change in
farm livelihood strategy and asset endowment.

2.2.2. Dependent variables

Because of limited access, farmers may apply a mean-
ingless amount of nutrients. We assume that the
applied amount of nutrients can be considered
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Figure 2. Conceptual framework.

meaningful when it is more than 10% of the rec-
ommended application rate. Only farmers observing
this threshold were considered users of mineral and
organic fertilizers. Dependant variables and corre-
sponding inferential statistical methods used are sum-
marized in Table 1.

The use/adoption of mineral fertilizers (NPK + Urea):
NPK (14-23-14) and Urea (46N) are the commonly used
mineral fertilizers in the study region. Given the pre-
viously defined threshold and recommended rates of
application for mineral fertilizer (CILSS, 2012), fertilizer
users apply more than 9.7 kg N-P-K ha/year. The
dependent variable Mineral fertilizer use intensity
(Yrminuse) €xpressed the amount of mineral nutrients
annually applied per unit of land (kg N-P-K ha/year).
It was computed by dividing the amount of nutrients
applied by the total cultivated area with and without
mineral fertilizer. The variable Adoption of mineral fer-
tilizer use (Yuinape) reflected the farm'’s choice to apply
or not a mineral nutrient. Yynap:= 1 if the farm adopts
mineral fertilizer and 0, otherwise.

Adoption of organic fertilizers (Yorgap0): the variable
reflected the farm’s choice to apply or not organic fer-
tilizer (compost and animal dung). Yorgape =1 if the
farm adopts organic fertilizer and 0, otherwise.
According to recommended application rates from
the loba provincial directorate of Agriculture and
CILSS (2012), and given the threshold defined
above, organic fertilizer users apply more than
4.1 kg N-P-K ha/year and 2.7 kg N-P-K ha/year from
compost and animal dung, respectively.

Mineral and organic fertilizers (Yuyinorg) are
adopted. This variable expressed the combined use

Soil nutrient adoption/use

Typological farms T T

Group specific

Farm-type 1 | | yeterminants
Farm-type 2

>

Group specific
determinants

Common
determinants

Group specific
determinants

Farm-type n

of mineral and organic fertilizers (Mineral-organic fer-
tilzers). Ypinorg = 1 if the farm applies both mineral and
organic fertilizers and 0, otherwise.

2.2.3. Inferential statistical methods

Multiple linear regression (MLR) was used for explain-
ing mineral fertilizer use intensity (Yyinuse)- MLR is a
common inferential statistical method for continuous

Table 1. Dependent variables and corresponding inferential
statistical methods.

Inferential

Dependent statistical

variable Brief definition method

YMinUse The annual amount of mineral ~ Multiple linear
fertilizer used for the plot (kg regression
N-P-K /ha/year)

YMinApt Adoption of mineral fertilizer: 1 Binary logistic
=farmer adopts mineral regression
fertilizer use for the plot (>
9.7 kg N-P-K /ha/year); 0 =
otherwise

Yorgapt Adoption of organic fertilizer: 1 Binary logistic
= farmer adopts either animal regression
dung or compost for the plot
(> 2.7 kg N-P-K /ha/year and
> 4.1 kg N-P-K /ha/year in the
cases of animal dung and
compost, respectively); 0=
otherwise

YMinorg Adoption of both mineral and Binary logistic

organic fertilizer: 1 =farmer
adopts both mineral and
organic fertilizer for the plot
(>9.7 kg N-P-K, > 2.7 kg N-P-
K/ha/year and > 4.1 kg N-P-K/
ha/year for mineral fertilizer,
animal dung and compost,
respectively); 0 = otherwise

regression
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Table 2. Brief description and hypothesized explanatory variables for nutrient adoption and use.

Hypothesized effect on

YMinUse or

Variable Definition YMinApt Yorgapt  YMinorg
Financial

attributes
Hcashep Cash income per capita per year (FCFA/capita/year) + - +/-

RemitCp Remittance income per capita per year (FCFA/capita/year) + - +/-
Natural attributes
Humzercecp Area of maize and rice per capita (ha/capita) - - +/-
Hiegop Area of legumes per capita (ha/capita) + + +/-
Hccotep Area of conventional cotton per capita (ha/capita) + + +/-
Hirrigcp Area of dry season (irrigated) land per capita (ha/capita) + - +/-
Hsrumcp Number of small ruminants (goats and sheep) per capita - + +/-
Human attributes
Hsize Size of the household +/- +/- +/-
Hhage Age of household head +/- +/- /-
Huedu Number of education years of the household head +/- +/- +/-
Hrraining Number of times household members attended a training session in the last five +/- + +/-

years

Physical attribute
Hanipowcp Animal power (number of oxen and donkeys) per capita + + +/-
HpistRoad Average distance (Km) of the household house to the nearest paved road - +/- +/-

®The conventional cotton, cropped with important use of mineral fertilizers and pesticides is opposed to biological cotton cropped with zero
use of mineral fertilizers and pesticides (organic farming); +: positive effect; —: negative effect; +/-: Unclear effect.

variables.
YMinuse = @ + B1 X1 + BoXo + ... + B Xn

where X; is an explanatory variable, Bi(i=1,2,3,...,n)
their weights and a is the intercept.

Binary logit regressions were used for adoption
analysis. Binary logit regression is a common
method used for adoption analysis.

e(0‘+51 X1+B2X2+...4+BnXn)

ply =1) = 1+ eletBXi+B G+ +BXn)

With ¥ =Yuminaps Yorgapt OF Yminorg, @and ply=1) the
probability of y=1.

In the study region, maize is the main food crop for
which farmers usually apply nutrients. The number of
fertilized plots of other food crops in the study sample
was not high enough for conducting regression ana-
lyses. Inferential analyses were then performed only
for maize plots. Three farm types out of the five
farm types identified in the study area had a high
enough number of fertilized maize plots for
regression analyses. For each dependent variable,
we estimated effects of hypothesized determinants
(Xj) in the whole sample plots (n =292 plots), and in
the three main farm types (i.e. Better-off, cotton-and
livestock-based farms (n=107), Better-off, non-farm
activities preference farms (n=104) and Pro-poor,
labourless-and landless farms (n =81)).

2.2.4. Explanatory variables

Candidate explanatory variables and their hypoth-
esized effects are presented in Table 2. They were
gathered from the literature and based on Sustainable
Livelihood Framework (SLF).

Variables of financial assets: Poverty is often a
factor fuelling land degradation (Scherr, 2000; Vu
et al., 2014b) and constraining the use of soil nutrients
by smallholder farms. The variable Cash income per
capita per year (Hcashcp) and the variable Remittance
income per capita per year (Hgemitcp) increase farm
income and are expected to augment the chance
for farmers to adopt mineral nutrients and increase
their use intensity. Amekawa (2013) highlighted that
remittance can be a valuable source of income for
farms. We hypothesize that these variables are
common factors affecting nutrient adoption and use.

Variables of natural assets: cropped land allo-
cation within the farm contributes to determining
soil management practices. Some crops (e.g. maize
and rice) are more demanding in nutrients, while
others (legumes) are less and even contribute to
enriching the soil through biological N fixation there-
fore reducing the nutrient mining effect (Enyong
et al., 1999). An increase in the size of maize and
rice plots may reduce the adoption and use of soil
nutrients because of limited access. By planting
more legumes, the farm has the opportunity to save
soil nutrients for other crops. Also, by cultivating
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intervention-targeted crops, farms have more chance
to adopt and use nutrients due to facilitated access to
fertilizers (e.g. credit system for conventional cotton).
Therefore, the area of legumes per capita (Hiegcp) and
the area of conventional cotton per capita (Hccotcp)
are expected to augment the chance of nutrient
adoption and increase their use. However, the area
of maize and rice per capita (Hmzercecp) Will tend to
reduce the adoption and use of nutrients. Through
monetary income generation, the area of dry season
irrigated land per capita (Himigcp) is expected to
augment the chance of mineral nutrient adoption
and its use intensity. Livestock is an important
source of nutrients through manure production
(Place et al., 2003; Kassie et al., 2013). Several small
ruminants (goats and sheep) per capita (Hspumcp)
are hypothesized to have a positive effect on
organic fertilizer adoption and a negative effect on
the adoption and use of mineral fertilizer. The
expected common determinants are Hyercecp:
Hccotcpr Hiegep @nd the expected farm type-specific
determinants are Hiyigcp and Hspumcp-

Variables of human assets: Human assets are very
important for the successful use of the other assets in
sustainable nutrient management (SNM). Household
size (Hsi,e) is a source of labour necessary for applying
available soil nutrients. The Age of the household
head (Huage) may reflect the accumulated experience
of the farm and compel it to adopt and use sustain-
able nutrient management practices (Ketema &
Bauer, 2011; Mkhabela & Materechera, 2003). Both
variables may also have a negative effect (Freeman
& Omiti, 2003; Chianu & Tsujii, 2005). In effect, the
load of large household size may limit available cash
for purchasing mineral fertilizer. Ageing labour may
reduce available labour for composting or recycling
crop residue, for instance, and render farmers more
risk-averse. Their hypothesized effects on nutrient
adoption and use are unclear. These two variables,
however, are expected to act as common factors
affecting soil nutrient use. Educated farmers may
better understand the importance and benefit of sus-
tainable nutrient management. Training, through
learning and exposure to SNM practices (e.g. Field
schools and demonstration plots) may render
farmers more receptive to new technologies and
SNM practices, in particular. Therefore, the number
of education years of the household head (Hygqu)
(Freeman & Omiti, 2003) and the number of times
household members attended a training session in

the last five years (Hrraining) (Nkamleu, 2007) are
expected to increase adoption and use intensity of
soil nutrient. We hypothesized that they will be
group-specific determinants: Hyeqy is expected to be
significant for farm types with more educated heads,
while Hrraining is expected to be significant for farm
types with less educated heads.

Variables of physical assets: Animal power
(Hanipowcp) Plays an important role (Kassie et al,
2013) in smallholder farms usually not or very lowly
mechanized. It allows for saving time for ploughing.
It also helps transportation, to distant plots, of
organic fertilizer usually applied to homestead plots
(Kassie et al., 2013). Hanipowcp is €xpected to increase
the farm’s chance of adopting and using more inten-
sive soil nutrients. Farms with low access to perma-
nent roads may also have low access to income
generation opportunities and important markets.
This may constrain their capabilities to purchase ferti-
lizers or farming equipment. Therefore, the Average
distance of households to the nearest paved road
(Hpistroad) is expected to reduce farm’s chance of
adopting and using mineral nutrients. The resulting
low access to fertilizer can compel farms to turn into
the adoption of organic fertilizer or not. So, the
expected effect of Hpistroaq ON Mineral nutrient adop-
tion and use is negative but unclear for the adoption
of organic nutrients.

2.2.4. Evaluation of models’ performance

The existence of multi-collinearity was checked using
Variance Inflation Factor (VIF) and contingency coeffi-
cient. There will be a risk of multi-collinearity if VIF is
greater than 5 and the contingency factor is less than
0.2 (Defries et al., 2010). The performance MLR model
was evaluated using F-statistics for overall perform-
ance and adjusted R-square for goodness-of-fit. A
model can be considered as having good perform-
ance for R-square values around 0.5 and 0.3
(Greene, 2012). For binary logistic regressions, we
used the Chi-square test to evaluate the model’'s
overall performance. The goodness-of-fit was evalu-
ated using the per cent of good prediction and
area under the Receiver Operating Characteristic
(ROC) curve (Hosmer & Lemeshow, 2000). For
values of area under ROC of 0.60-0.70, the model per-
formance is appreciated to be poor; 0.70-0.80, accep-
table; 0.80-0.90, good and 0.90-1, excellent. The
partial effect of explanatory variables was appreci-
ated using p-values.
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2.2.5. Data source

Data were collected during the dry season of 2013
from January to March. A semi-structured question-
naire guided by Sustainable Livelihood Framework
(SLF) was used to gather information on households’
livelihood assets, nutrient management and pro-
duction orientation. Geographical data were also col-
lected using a Geographical Positioning System (GIS).
The survey covered 360 households randomly
selected in 6 villages of the loba province. The typol-
ogy of surveyed households yielded in five main Agri-
cultural livelihood system (ALS) types: ALS type I: Poor,
cotton- and livestock-based farms (n =105, 31% of the
sample population with an income of 94 $US/person/
yr); ALS type II: Medium, non-farm activities preference
farms (n =102, 31% of the sample population and an
income of 155 $US/person/yr); ALS type Ill, very-poor,
labourless-and landless farms (n=71, 21% of the
sample population and an income of only 55 $US/
person/yr); ALS type IV, poor, labour-rich, marketable
food crop oriented and educated farms (n =29, 9% of
the sample population and an income of 104 $US/
person/yr); and ALS type V, very poor, insecure-land
tenure, livestock-based farms (n=28, 9% of the
sample population and earning only 56 $US/person/
yr). A total number of 349 maize plots were identified
for all farms.

3. Results
3.1. Model’s performance

No multicollinearity was found between explanatory
variables (VIF<0.5 and tolerance >0.2) (See Table
S1). The MLR was significant at 1% (Table 3). The pre-
diction power of models was strong: R*=0.44, R*=
0.36 and R*=0.41 for fam-types |, Il and Il respect-
ively. But it was less strong for the whole population:
R%=0.24. As for bi-logit models, Hosmer and Leme-
show test at 5% showed a good fit of the models to
the data for mineral fertilizer adoption for the whole
population, farm-types Il and Ill (p > 0.05) but not for
farm type | (p < 0.05). Values of the area under ROC
showed good performance of models for the whole
population, farm types | and Il (0.81, 0.88 and 0.86,
respectively) and excellent for ALS type Il (0.91).
Models for organic fertilizer adoption also had good
overall performance (p > 0.05 for Hosmer and Leme-
show test). The Area under ROC varied from 0.68 to
72.6 (Table 4 and Table 5). The results of the Hosmer
and Lemeshow test (Table 6) showed good

performance for models of combined mineral-
organic nutrient adoption too: p >0.05. Prediction
power was good (77-85%) and Area under ROC
varied from 0.77 to 0.85.

Explanatory variables did not affect fertilizer use
and adoption in the same way (e.g. direction and
amplitude) for the whole population and different
farm types. We distinguished two different types of
affecting factors. (i) Common factors affecting fertili-
zer use and adoption by the whole population and
different farm types. A common factor exhibits the
same direction for the whole population and across
affected farm types. (ii) Farm-type-specific factor
affects a particular farm type and does not appear
to be an affecting factor for the whole population.
This type of factor was named type specific factor of
the first order. A factor may also affect a particular
farm type in a direction opposite to its affecting direc-
tion for the whole population and for other affected
farm types. Or, it may affect a particular farm type
and only the whole population in the same direction
but with lower amplitude for the whole population.
This suggests that the presence of non-affected fam
types in the whole population lowers coefficient
amplitude. This affecting factor was called type-
specific factor of second order.

3.2. Determinants of mineral fertilizer use and
adoption

3.2.1. Common affecting factors
As expected, the variable Hanipowcp had a positive
effect (Table 3). The number of draught animals
increases mineral fertilizer use by farmers for the
whole population, farm types | and Il. Hpistroad, €ON-
trary to expectations, had a positive effect on
mineral fertilizer use. It was statistically significant
for the whole population, fam-type | and lll. Remote-
ness augmented the use of mineral fertilizer. The
age of household members (Hage) reduced the use
of mineral fertilizer. Aged household members may
mobilize less financial resources for purchasing fertili-
zer. Also, old farmers may not fully understand the
importance of sustainable soil nutrient management,
on the contrary, young farmers are usually better edu-
cated and more open to new technologies. Hage Was
significant for the whole population only, not for indi-
vidual farm types.

Common affecting factors for mineral fertilizer
adoption were Cash income per capita per year

(Hcashcp), Household size (Hsi,e) and Average
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Table 3. Multiple linear regression analyses for factors affecting mineral fertilizer use (kg of N-P-K ha™" year™").

Estimated B coefficients

Explanatory variable Whole population (N =292) Farm type | (n=107) Farm type Il (n=104) Farm type Ill (n=281)
Intercept 24.85 16.71 21.76 28.24
Hcashcp 1.13E-04** 1.02E-04 1.63E-04* 5.36E-05
Hremitcp 2.00E-03* 0.07*** —2.02E-04 —1.00E-03
Hmzercecp —57.00%* 6.60 —86.19 —78.43*
Hiegcp 20.16 —23.80 —72.46 43.66
Hecotcp 4.20 —-10.91 —41.54 31.71
Hirrigcp 611.97%** 918.68*** 494,15 409.15
Hsrumcp 3.27 2.89 24.09** 1.04
Hsize 1.14 1.42 0.73 1.50
Huage —0.42%* —0.42 -0.17 —043
Hhedu 1.19 2.73 1.41 —-0.65
Htraining 10.53* -11.15 14.55 40.45*
Hanipowcp 41.24%* 49.09% 250.75%** 36.27
HDistRoad 1.70%** 1.35*% 0.21 2.25%*
F-test df=13 df=13 df=13 df=13

F=4384 F=3.57 F=2.55 F=261

P =0.000 P =0.000 P=0.007 P=0.008
R? 0.24 0.44 0.36 0.41
Adjusted R? 0.19 0.32 0.22 0.25

Note: symbols *, ** and *** indicate statistical significance at 10% (p < 0.1), 5% (p < 0.05) and 1% (p < 0.01), respectively.
Std. = Standardized.

distance of household to the nearest paved road 3.2.2. Farm-type specific affecting factors

(Hpistroad)- They all had a positive effect on fertilizer The majority of statistically significant variables for
adoption (Table 4). Hcasnep Was statistically signifi-  multiple linear regression (six over nine) were farm-
cant at 5% for the whole population, farm types | type-specific affecting factors (Table 3). Variables of
and Il. Hsie and Hpistroad Were significant for the  financial assets (e.g. Heashcp and Hremitcp) had a posi-
whole population but not for individual farm types, tive effect on mineral fertilizer use for both the whole
at 5% and 1% respectively. Cash income per capita population and only one of the three farm types. They
per year, Household size and Average distance of were type-specific affecting factors of second order.
household to the nearest paved road increased the  Hyigcp (Natural asset), Hraining (Human asset) and
chance for farmers to adopt mineral fertilizer. Hwmzercecp Were also type-specific affecting factors of

Table 4. Binary logistic regressions for factors affecting farmer adoption of mineral fertilizer.

Estimated B coefficients

Explanatory variable Whole population Farm type | Farm type Il Farm type IlI

Intercept —2.38 —4.91 -1.73 —-2.33

Hcashep 1.52E-05*** 3.48E-05** 2.76E-05%* 4.78E-05

Hremitcp —2.89E-05 9.87E-04** —1.03E-04 —8.87E-05

HmzeRcecp —1.08 6.35%* —11.98%** —-1.22

Hiegcp 0.34 —4.12 -235 -2.19

Hecotcp 2.03 0.08 227 1.70

Hirrigcp 33.99** 72.96** 20.1 15.51

Hspumcp 0.57** 0.73 1.95%* —-0.47

Hsize 0.15%* 0.3 -0.1 0.25

Hhage —0.01 —0.03 0.04 —0.03

HHEedu 0.09 0.01 —0.07 0.16

Hrraining 0.10 -1.16 1.27% 18.99

Hanipowcp 2.48* 3.06 16.52*% 5.78

Hpistroad 0.09%** 0.11 —0.05 0.14

Hosmer and Lemeshow test X 13.15 18.07 474 4.40
df 8 8 8 8
P 0.107 0.021 0.786 0.819

% correct prediction 73.20 82.20 76.70 79.40

Area under ROC 0.81 0.88 0.86 0.91

Note: symbols *, ** and *** indicate statistical significance at 10% (p < 0.1), 5% (p < 0.05) and 1% (p < 0.01), respectively.
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Table 5. Binary logistic regressions for factors affecting farmer adoption of organic fertilizer.

Estimated B coefficients

Explanatory variable Whole population Farm type | Farm type Il Farm type IlI
Intercept -1.63 —0.49 -2.71 -2.11
Hcashcp 3.12E-06 3.37E-06 4.83E-06 —1.36E-06

RemitCp 1.30E-04* 5.47E-05 1.89E-04 2.41E-04
Hmzercecp —2.86%* —3.65 —0.66 —4.69
Hiegcp 1.65 3.70 —7.36 3.24
Hecotcp -1.91 -3.26 1.56 —0.58
Hirrigcp 7.63 19.04 -1.10 —47.33
Hsrumcp 0.21 0.46* 0.26 0.77

Size 0.10 0.14 0.18 0.11
Hiage —2.00E-03 —-0.04 0.01 0.02
HHEedu 0.08 0.16 0.03 0.01
Htraining 0.13 —0.65 0.78 —0.61
Hanipowcp 1.12 0.43 8.99% 1.74
HDistRoad 0.04 0.09* —0.01 0.01
Hosmer and Lemeshow test X 6.18 4.42 4.49 45

Df 8 8 8 8
P 0.627 0.817 0.811 0.809

% correct prediction 68.4 72.6 72.6 66.7
Area under ROC 0.68 0.75 0.73 0.75

Note: symbols *, ** and *** indicate statistical significance at 10% (p < 0.1), 5% (p < 0.05) and 1% (p < 0.01), respectively.

second order. Higcps and Hrnining had a positive
effect, while Hyercecp had a negative effect on
mineral fertilizer use intensity as expected. The ampli-
tude of the coefficients of variables was larger for farm
types than for the whole population. Only one farm-
type-specific affecting factor of the first order was
found: Hsyymcp (financial asset). Hsyymcp appeared stat-
istically significant only for ALS type Il and increased
mineral fertilizer use intensity. It was not significant
for the whole population.

The bi-logit regression revealed more farm-type-
specific affecting factors of the first order (Table 4).
Hgemitcp @nd Hraining Were significant only for ALS
type | and ALS type I, respectively. They increase
the chance for the farmer to adopt mineral fertilizer.
Hwmzercecp Was significant for both ALS type | and
ALS type Il but with opposite affecting direction and
amplitude. It increases the chance of adopting
mineral fertilizer for ALS type, | while reducing it for
ALS type Il. Hirigcpr Hsrumcp @nd Hanipowcp Were all

Table 6. Binary logistic regressions for factors affecting farmer adoption of both mineral and organic fertilizer.

Estimated [ coefficients

Explanatory variable Whole population Farm type | Farm type Il Farm type IlI
Intercept —2.94 —2.37 —2.79 —4.69
Hcashep 6.48E-06* 7.13E-06 6.93E-06 1.22E-05

RemitCp 7.61E-05 1.45E-04 3.90E-05 8.48E-05
HmzeRcecp —2.9% —-0.4 —4.05 -3.27
Hiegcp 1.08 —0.51 -1.72 -133
Hecotcp —0.62 —2.06 1.49 -5.19
Hirrigcp 27.25%* 45.25* 2237 12.86
Hspumcp 0.27 0.48* 0.5 —0.05

Size 0.12% 0.22 —2.21E-03 0.29%
Hhage —0.01 —0.06 0.01 —0.02
HHEedu 0.09 0.21 —0.05 0.32%
Htraining 0.46 —0.99 1.28%* —0.26
Hanipowcp 1.64*% 0.87 7.69 2.81*
HpistRroad 0.171%** 0.14** 0.08 0.14*
Hosmer and Lemeshow test X 331 11.68 12.49 411

Df 8 8 8 8
P 0.914 0.166 0.131 0.85

% correct prediction 77.0 75.3 85.0 79.4
Area under ROC 0.77 0.81 0.78 0.85

Note: symbols *, ** and *** indicate statistical significance at 10% (p < 0.1), 5% (p < 0.05) and 1% (p < 0.01), respectively.
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farm-type-specific affecting factors of the second
order. In effect, in addition to the whole population,
they increased the chance of adopting mineral fertili-
zer for only ALS type | and ALS type Il, respectively.
Their coefficients were larger for farm types than for
the whole population.

3.3. Determinants of organic fertilizer
adoption

3.3.1. Common affecting factors

Two common affecting factors associated with the
adoption of organic nutrients in the whole popu-
lation were identified. Remittance income per
capita per year (Hgemitcp) Was positively associated
with organic nutrient adoption, and the Area of
maize and rice per capita (Huzercecp) Was negatively
associated with organic nutrient adoption. Hgemitcp
had the opposite of the expected direction and
Hmzerceco had the expected direction. These
common variables were not significant for individual
farm types.

3.3.2. Farm-type specific affecting factors

The number of small ruminants per capita (Hsyumcp)
and the Average distance of the household house to
the nearest paved road (Hpisiroad) Were positively
associated with organic nutrient adoption for Farm
type I. Within this farm type, the chance for farmers
to adopt organic nutrient increase with an endow-
ment in small ruminants (goat and sheep) and dis-
tance from paved roads. In ALS type Il, however, the
adoption of organic nutrients was positively associ-
ated with animal power per capita (Hanipowcp)- The
higher the number of draught animals the farm pos-
sesses, the higher the chance of adopting organic
nutrients. Hanipowcp and Hsymcp had the expected
effect.

3.4. Determinants of adoption of combined
mineral-organic fertilizers

3.4.1. Common affecting factors

The adoption of combined mineral-organic fertilizer
was influenced by three common affecting factors
(Table 6). Two of these factors were significant for
the whole population and had no significant effect
on individual farm types: Hcashep increases the adop-
tion of combined mineral-organic fertilizer and
Hmzerce reduces this adoption in the whole popu-
lation. Hpistroad Was statistically significant for farm

types |, Il and the whole population. The average dis-
tance of a household to sthe nearest paved road
(Hpistroad) increases the chance of adopting combined
mineral-organic fertilizer use.

3.4.2. Farm-type-specific affecting factors
Farm-type-specific affecting factors of first order
included Hsyymcps Huedu @and Hrraining: They were all
likely to increase the chance for farmers to adopt com-
bined mineral-organic fertilizer use. Hs,ymcp Was sig-
nificant for ALS type I. As for Hyeqy and Hrraining,
they had a significant effect on ALS type Ill and ALS
type |l, respectively. Farm-type-specific affecting
factors of the second order involved Hiyigcp Hsizes
and Hanipowcp- An increase in the Area of dry season
irrigated land per capita (Hyrigcp) Ssignificantly
increases the adoption of combined mineral-organic
fertilizer use for ALS type | and for the whole popu-
lation. The effect on adoption had the lowest ampli-
tude for the whole population compared to ALS
type |. The chance for adopting combined mineral-
organic fertilizer use augmented with household
size (Hsize) for ALS type Il and the whole population
with the highest effect amplitude for ALS type lIl. As
for Hanipowcps it positively affects the adoption of com-
bined mineral-organic fertilizer use for ALS type Ill and
Whole population, with the lowest effect amplitude
for the Whole population.

4. Discussion

4.1. Contextualization of the main findings
compared to other research

Identifying and understanding factors affecting the
adoption and use of fertilizer in a region is crucial
for improving sustainable soil nutrient management
in that region. In using a set of thirteen socio-econ-
omic and ecological independent variables we
found results consistent with findings of past
studies. Farm financial assets play a significant role
in soil nutrient management as noted by Nkamleu
(2007), (2007), Marenya and Barrett (2007), (2013)
and (2014). Indeed, we found that farm income com-
ponents Cash income (Hcasncp) and Remittance
received per capita (Hgemitcp) augment the use inten-
sity and adoption of mineral and organic nutrients by
farms. In a study conducted in another region of
Burkina Faso, Somda et al. (2002) observed that farm
income significantly augments the adoption of
organic fertilizer. However, like in our study, they
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pointed out that animal power (Hanipow) and training
(Hrraining) have no significant effect on organic fertili-
zer adoption. This suggests that income generation
constitutes the main entry for interventions aiming
at improving organic fertilizer adoption.

The study also revealed that dry season irrigation
land per capita (Hirigcp) had a significant effect on
mineral fertilizer use and adoption, and combined
mineral-organic fertilizer adoption. In rural areas
where off-farm activities opportunities are often
limited, dry season irrigation is a valuable source of
income that can be invested in purchasing mineral
fertilizer. This shows that the adoption and use of
mineral fertilizer can be increased by policy interven-
tions promoting dry season irrigation as noted by
Yilma and Berger (2006). Not surprisingly, Training
(Htraining) increases mineral fertilizer use and adoption.
This is consistent with the findings of Martey
et al.(2014) and Grabowski and Kerr (2014) who high-
lighted that proximity with extension services
improves the adoption of mineral and organic fertili-
zers. Distance from paved roads (Hpisiroad) increased
the use and adoption of mineral and organic fertili-
zers. As shown by Vu et al. (2014) distance to the
road increases land degradation extent and thereby
compels farmers to use more fertilizer. This effect of
Hpistroad Can also be seen as a sign of the declining
importance of distribution constraints on fertilizer
use through increased fertilizer retail outlets avail-
ability in rural areas (Freeman & Omiti, 2003). The
positive effect of animal power (Hanipowercp) ON
mineral nutrient use intensity and its positive
influence with a small ruminant number (Hsgumcp)
on mineral fertilizer adoption (Kassie et al., 2013)
demonstrate  the  beneficial interrelationship
between livestock and cropping activities (Kristjanson
et al,, 2005; Marenya & Barrett, 2007). The integration
of livestock agriculture needs, therefore, to be
boosted for better soil nutrient management.

Studies use to consider a uniform affecting pattern
when analysing the adoption and use of fertilizers.
Our study, on the contrary, considered that due to
differences in their socio-economic and ecological
characteristics, farmers/farms are not affected in the
same way by determinants of fertilizer use and adop-
tion. Besides common affecting factors, type-specific
factors were found that affected only specific farm
types, with different amplitude or with different direc-
tions. In other words, parameters of independent vari-
ables (B) varied across socio-ecological farm types. It
demonstrated the importance of considering farm

types rather than the whole population only when
analysing soil nutrient management. Considering
the whole population only can be misleading and
cause the failure or inefficient policies and interven-
tion measures. To the best of our knowledge, it is
hard to find a study which analysed variation of
affecting patterns in sustainable soil nutrient manage-
ment. The work presented in this paper can, therefore,
be considered as new.

4.2. New methodological features of the
present study

Although the benefits of combinational use of mineral
and organic fertilizers have been recognized (e.g.
reduction of N losses (Neeteson, 1993); organic matter
(Vanlauwe & Giller, 2006; Palm et al., 1996; Ding et al.,
2012; Korschens et al.,, 2012); nutrient cycling in the
system (Mkhabela & Materechera, 2003), long-term
soil fertility improvement (Mkhabela & Materechera,
2003), increase in soil productivity (Parr & Colacicco,
1987); generate better yields than the sole use of
mineral fertilizers (Ding et al., 2012; Kearney et al.,
2012; Kismanyoky & Téth, 2013; Mucheru-Muna et al.,
2007)), published work analyzing factors affecting the
adoption of these combinational uses are rather scarce.

Also, in this study, responsive/behaviour/prefer-
ence parameters (betas) are analyzed specific to
different farm/household types rather than uniform/
constant to the whole population. This way of analysis
allows the capture of responsive heterogeneity. The
study demonstrates the relationship between struc-
tural and functional typologies and the importance
of consideration of them in regional farming system
studies. In addition, the results can provide an empiri-
cal framework for scaling-out studies. Responsive het-
erogeneity has been considered in land use choice
analyses (Le, 2005), but in only a few mineral adoption
analyses (Vu & Frossard, 2014). However, Vu and Fros-
sard (2014) work is in Vietnam where the background
of fertilizer uses and the social and ecological con-
ditions are very different from Burkina Faso. So far, it
is hard to find a work similar to our study in SSA or
West African dry land.

4.3. Implication for policies leveraging wide
adoption of SLM

Burkina Faso is an agriculture-based country where
more than 80% of the population relies on agriculture
and related activities for their livelihood (SPCPSA,
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2013). Despite numerous policies and intervention
measures, food security remains an issue and land
degradation is a growing threat. There is a necessity of
implementing efficient policies for combating land
degradation and food insecurity. The results of this
study pave the way for new ways of intervention in
the agricultural sector for sustainable land management.
In the first instance, the study contributes to
knowledge of affecting factors of sustainable nutrient
management. It shows that policies need to support
the development of dry-season irrigation crops as
an indirect way of increasing the use and adoption
of Sustainable Nutrient Management (SNM). In the
second instance, policies and intervention measures
need henceforth, to formulate and implement well-
targeted policy following the framework presented
in this study. This will help to account for responsive
heterogeneity and render policies and intervention
measure more successful. As hinted by Rodenburg
et al. (2021) for the adoption of Conservation agricul-
ture practices, land management can be greatly
improved in Subs-Saharan Africa by taking into
account smallholder conditions and constraints,
which implies accounting for their heterogeneities.

4.4. Limitations and the way forwards

Despite interesting results, the study presents some
limitations. First, the study used only MLR and bi-
logit. It is important to also use a multinomial logit
to explore the responsive heterogeneity and analyze
the marginal effects of the variable. Second, besides
inferential methods, the responsive heterogeneity
could be also examined using non-parametric
methods such as Participatory Rural Appraisal tools
(PRA) nd decision tree analysis which can allow the
capture effect of factors having less variation in
sampled data (e.g. climate, prices).

5. Conclusion

Successfully improving sustainable soil nutrient man-
agement and the sustainability of agriculture in most
Sub-Saharan African countries is still a challenge for
governments and other rural development stake-
holders. Despite the improved management practices
and technologies, adoption by farmers is still low; and
a better understanding of how to leverage adoption
by smaller farmers is needed. The findings of this
study highlight the importance of considering
responsive heterogeneity in adoption interventions.

It demonstrated the relationship between structural
and functional typologies and the importance of con-
sidering both of them in Burkina Faso in particular and
in Sub-Saharan African age ecosystems in general. The
study used cross-sectional data for the analyses. Given
that land management is a dynamic process, there is a
need to explore the responsive heterogeneity with
time series data. More biophysical data (e.g. rainfall)
could then be included in the analysis. The study
used only objective data. Given the influence of
social settings in human-environment relations, it
will be good to take second steps including percep-
tion data.
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