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Abstract

Context
Typologies are widely used to tailor management practices to structural farm households, and to
identify recommendation domains. However, it has often been shown that the recommendations are

not followed by farmers, especially in the agricultural context of sub-Saharan Africa.

Objective
We aimed to identify links between a typology based on the structure of farm households and a
typology based on farmers' management practices adopted by farmers in the Sudano-Sahelian zone of

Burkina Faso.

Methods

We co-developed socio-economic and technical survey with agronomists and socio-economists and
collected data on 291 smallholder farming households. We used principal component analysis,
followed by hierarchical clustering to build two typologies: a farm household typology and a farm

management typology and analyzed the link between the two.

Results and Conclusions

Our typologies distinguished 4 types of farm households and 3 types of farm management. Although
we expected to find a dominant farm management type for each type of farm household, we show that
the use of the typology is not sufficient to disentangle the intra-diversity of farm household types, as,
except for large-scale cotton producers, of whom 94% fall in the mineral input user category, all the
farmers do not use the same set of management practices. For instance, 29.5% of medium-scale
cotton-based farm types do not match the “mineral input users” type, but are characterized by their use
of mulch and cereal-legume crop rotation. Based on our empirical data, we show that promoting a
basket of options (a set of management practices) based on a typology of farm household structure
may not always be appropriate. Moving from theory (i.e. use of typology to define ‘best fit’) to
practice (i.e. collecting data on actual agricultural practices), we show that using a combined typology

approach will reveal matches and mismatches when practices are tailored to a given farm type.

Significance
In addition to using a farm household typology to tailor practices, we also define a limited set of

locally relevant variables that are representative of the diversity of farmers’ practices.

Keywords: systems agronomy; agricultural practices; sustainable intensification; typologies; West

Africa
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1 Introduction

" n

The expressions "no silver bullet", "no one size fits all", "tailored approach", are commonly used by
the scientific community to avoid blanket approaches when encouraging sustainable intensification
practices (integrated soil fertility management, agroforestry, conservation agriculture) in sub-Saharan
Africa (SSA) (Descheemaeker et al., 2019; Nelson et al., 2019). Even so, it is challenging to design
and promote sustainable intensification practices that take the complexity of farming systems into
consideration, i.e., that find the right balance between a detailed description of farming systems and
broad recommendations based on specific socio-ecological characteristics. The challenge is
particularly acute in sub-Saharan Africa (SSA), where farming systems are very diverse as a
consequence of (i) contrasted livelihood strategies and socio-economic situations and (ii)
heterogeneous biophysical contexts (Vanlauwe et al., 2019). The livelihood diversification of
households in SSA is wide ranging (Alobo Loison, 2015), as is their land use and labor availability
(Kuivanen et al., 2016), and their land tenure status (Lentz, 2005), all of which are reflected in their
household strategies to improve their living conditions (Berre et al., 2017; Van Dijk et al., 2017).
Salient differences in rainfall regimes and temperature help distinguish two of the main systems:
sorghum and millet-based systems in the north of Burkina Faso, and maize and cotton-based systems
in the south. The socio-economic context also differs across Burkina Faso and reflects the history of
farming systems in each region. For instance, farming systems in the cotton basin are impacted by the
local cotton company’s credit scheme, which gives farmers access to mineral fertilizer at the beginning
of the cropping season, and which is also used for the other crops (mostly maize) grown in rotation
with cotton (Gray, 2005; Ripoche et al., 2015 for similar case in Mali; Traoré, 2020).

Taking this diversity into account is therefore essential to avoid recommending sustainable
intensification practices that do not match household needs and context. Typologies built on resource
endowment and production goals (i.e. structural typologies) are analytical tools that can cope with
such diversity by explicitly highlighting the potential and the limitations of farms in adopting
innovative technologies (Jain et al., 2009; Giller, 2013; Riveiro et al., 2013). Typologies have long
been used in agriculture-related studies (Jollivet, 1965) to identify groups of farmers with shared
characteristics, and to design agricultural policies, support programs (Landais, 1998), and to identify
recommendation domains (Descheemaeker et al., 2019). More recently, Alvarez et al. (2018) argued
for their usefulness in capturing farm diversity specifically to target ad-hoc technologies for groups of
farmers. To reach its objective of identifying “best fits” between a “basket of options” and farmers’
resources (labor, land, cash, etc.), systems agronomy has developed typologies based on resource
endowment and farmers’ production orientation. These typologies are used to tailor a set of
management practices or a basket of options, and to increase their adoption rate (Giller et al., 2015).
Even though the usefulness of typologies to tailor recommendations is undeniable, Giller et al. (2009)

also argued that for appropriate adoption of conservation agriculture, not only resource endowment,
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but also ecological constraints such as competing uses for crop residues, or weed pressure, have to be
taken into account.

The objective of the present study was to investigate whether there is a link between a farm household
typology (based on resource endowment and production goals) and farmers’ actual practices captured
in a typology. We hypothesize that the farm household types are disconnected from types of
management practices. First, we present the methodology used to collect data on households and their
agricultural practices (section 2). We then present our results (section 3) (i) by presenting the farm
household and farm management typologies, and (ii) by analyzing the link between the two
typologies. Lastly, we draw conclusions from our empirical evidence and discuss more globally

sustainable intensification in the region (section 4).

2 Material and methods

2.1 Study area

The study was carried out in the province of Tuy in the region of Haut-Bassins in western Burkina
Faso. The main activity in the province is smallholder rain-fed agriculture, especially cotton and
maize. Cotton plays a key role in the farming systems in the region, not only in terms of land use but
also in terms of input use, as farmers obtain fertilizers from the local cotton company at the beginning
of the cropping season. The growing season lasts from April to November, with most annual rainfall
(about 1,000 mm) falling between July and September. Thanks to this high rainfall, other crops,
notably legumes (groundnuts, soya beans, cowpeas), can also be grown in the rainy season. Rain-fed
crops are harvested between October and January, while horticultural crops (vegetables, mango) are
cultivated and harvested in the dry season from January to May. Most agricultural plots include trees,
some species of which can provide food, and most farms raise animals (cattle and small ruminants).
Many households also pursue off-farm activities including trade, service jobs or crafts. The presence
of gold in the area offers jobs either through the industrial gold mining site in Houndé (the capital city

of Tuy) or at numerous clandestine sites.
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Figure 1: Map of Tuy province (main roads in red) in Burkina Faso and villages surveyed in the

province

2.2 Data collection
The heads of 300 smallholder households were interviewed to collect information on farm household
resource endowment (total cropped area and area under the different crops, household composition,
the number of animals owned) and agricultural practices. These data were collected in two different
surveys of the same sample of households, one to collect information on the household resource

endowment, and the other information on the management practices used by the same household.

Household data were retrieved in a survey carried out in the framework of a longitudinal nutritional
survey that started in October 2017 and ended in September 2018 so as to include a whole agricultural
season, i.e., from grain harvest in 2017 to grain harvest in 2018. All the participants gave their
informed consent to take part in the study. Participants were selected using a three-stage sampling
method. First, 12 villages in Tuy province were selected randomly (Figure 1). Second, in each village,
three households were randomly selected as “departure points” for walking itineraries. Third, from
these starting points, we applied a random-route method to select the households to be surveyed (25

per village, giving a total of 300).
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As data on agricultural practices were not collected during this survey, we conducted a specific survey
(available with the data) on this topic. The same 300 households were surveyed in October-November
2018. Data were collected by a team of nine trained enumerators who were managed by three field
supervisors and by the field coordinator. As we had to discard nine surveys due to lacking or

inconsistent data, we finally analyzed data collected from 291 smallholder households.

2.3 Dataset and methodology used to build the typologies

We built a household typology using nine variables derived from the household survey (table 1). We
included variables such as adult equivalent per cultivated area or tropical livestock unit (TLU) per
cultivated area to avoid a typology only driven by farm size. We also used some functional variables

(i.e. crop yield, crop allocation) to briefly describe each type.

Table 1: Variables used for the farm household typology

Variables Description Units
Land cultivated Total cultivated area ha

Land allocated to cotton Land allocated to cotton %

Land  allocated to Land allocated to legume %
legume

AE Adult equivalent* Unit

Ox Number of oxen Unit

AE per land cultivated ~ Adult equivalent per ha AE.ha'
Income per AE Income per adult equivalent FCFA.AE '™
TLU per land cultivated Tropical livestock unit TLU.ha'!
Simpson Index *** Indicator based on crop diversity -

* calculated according to the Oxford scale (OECD, 1982);
**FCFA: Francs of the Financial Community of Africa;
*** calculated according to (Simpson, 1949)

To account for the diversity of actual farmers’ practices, we first defined variables according to four
main pillars: input management, agroforestry, crop-livestock integration, and soil management.
Relying on four pillars enabled us to account for the specificities of the Sudano-Sahelien context,
where the use of inputs is still an important factor in allowing smallholder farmers to escape poverty
trap (Tittonell and Giller, 2013). Also, because all the farmers in the study area grow trees on their
farm (Koffi et al., 2017) it was important to include tree density and diversity in our analysis. Crop-
livestock integration is an integral part of the mixed farming systems we were studying in the study
area (Vall et al., 2006). The fourth pillar (soil management) represents soil and water conservation
management practices, measures that are promoted in Burkina Faso to support the rehabilitation of

degraded land (Nyamekye et al., 2018).
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For each household, we calculated 12 variables (Table 2) according to the framework based on the
four pillars described above. Plot level variables were calculated using survey data (Table 2). We first
drew up an inventory of all the plots on the farm and the farmers gave us an estimate of their surface
area. Using the inventory of the plots, we aggregated the data at farm level, determining the percentage

of farmland allocated to a specific practice.

For the crop-livestock integration component, we estimated the manure application rate per ha. Total
organic fertilizer applied on crops (3= Norg;) is based on both manure applied by farmers (manure
purchased or collected from their own stalls), and on manure deposited directly by animals during free
grazing. The total quantity of manure applied by the farmers was calculated by multiplying the number
of local units (cartloads) given to us by the farmers during the survey by the mean quantity per
cartload based on local expertise. The total quantity of manure applied directly by animals was based
on a daily excretion rate of 2.5 kg of dry matter divided by the proportion of time the animal spent
feeding in the stall versus free grazing. The daily excretion rate is based on a potential ingestion of
6.25 kg of dry matter per livestock unit multiplied by a mean digestibility of local feeding resources of
40% (Guérin et al., 1986). The N content of the different types of organic fertilizer was based on the
literature (Snijders et al., 2009; Audouin et al., 2015). From this information, we calculated the
proportion of land on which animal manure was applied (%Land_Norg, Equation 1), the maximum rate
of animal manure applied (MaxNorg, Equation 2) and the proportion of N applied as animal manure
(Y%Norg, Equation 3, we also explored the indicator ‘Total N organic applied on farm land’, but it was
highly correlated with the proportion of N applied as animal manure so we decided to remove it from

the analysis):

%Land_Norg = Y™ ,plot_size_OrgN; .
’ - g = Zi-iplot. T L/Land_cultivated (equatlon iy

where, for a given household, plot_size_OrgN; is the surface area of field i where manure is applied, n is
the number of plots where manure is applied, and Land_cultivated is the sum of all plots cultivated with
and without manure applied.

MaxNorg = max(Norg_rate, ..., Norg_rate,) (equation 2)
where, for a given household, Norg_rate, is the manure application rate for plot 1, and n is the total
number of plots.

Zln:l NOTgL'
Y (Nmin;+Norg;)
where, for a given household, 7 is the number of plots on the farm, Norg; is the total organic fertilizer
applied on plot i, and Nmin; is the total mineral fertilizer applied on plot i.

%Norg = (equation 3)

For the agroforestry pillar, we noted the tree species (Tree_species;), and number of trees per plot (r)
on each farm. From this information, we derived the density of trees on the farmed land (excluding
orchards, such as mango orchards) (Tree_density, equation 4) and the number of

tree species on the farm (Nrpee_species> €quation 5).
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Tree_density = (equation 4)

i
/ Land_cultivated
where, for a given household, tree; is the number of trees in plot i, n is the total number of plots, and

Land_cultivated is the surface area of all plots with or without trees.

NTree_species = Z?zl Tree_species; (equation 5)
where, for a given household, tree_species; is the number of tree species in plot i, and n is the total
number of plots.

For variables related to the management of inputs at the farm level, we collected information on plots
where a legume crop (cowpea, groundnut, soybean) was cultivated (either intercropped or in rotation),
the number of plots that were fertilized (and amount and type of fertilizers) and that were treated with

herbicide. The following variables were derived (equations 6-9):

%Land_Nmin = Y, plot_size_MinN; )
‘ l/ Land_cultivated (equation 6)

where, for a given household, plot_size_MinN; refers to the size of plot i where mineral fertilizer was
applied, n is the total number of plots where mineral fertilizer was applied, and Land_cultivated is the

surface area of all plots with or without mineral fertilization.

Max_Nmin = max(Nmin,q¢e,, ..., Nmin, g ) (equation 7)
where, for a given household, Nmin, o, refers to mineral fertilization rate (kg.ha!) in plot 1, and n is
the total number of plots.

%Land_Herb = Lima plOt—Size—herb"/Land cultivated (equation 8)
where, for a given household, plot_size_herb; refers to the size of plot i where herbicide was applied, n
is the number of plots where herbicide was applied, and Land_cultivated is the surface area of all the

plots with or without herbicide application.

%Land_Leg = },i-, plot_size_leg; .
= / Land_cultivated (equation 9)

Where, for a given household, plot_size_leg, refers to the size of plot i planted with legume, n is the
number of plots planted with a legume, and Land_cultivated is the surface area of all the plots with or

without legumes.

Finally, for soil management practices, we calculated the percentage of plots where soil and water
conservation practices (i.e. zai- a farming technique consisting in digging pits in the soil during the
preseason to catch water and concentrate compost, stone bunds, grass strips, living hedges) were
applied, where mulch was left on the ground, and where no tillage was practiced, according to the

following variables (equations 10-12):

n o
%Land_till = Li=1 pZOt-Slze‘tllli/Land cultivated (equation 10)

where, for a given household, plot_size_till; refers to the size of plot i where tillage is implemented, n
is the number of tilled plots, and Land cultivated is the surface area of all the plots with or without

tillage.

n .
%Land_watman = Xiz1 plot_sme_watmani/ Land cultivated (equation 11)

where, for a given household, plot_size_watman, refers to land size of plot i where water management
practices are implemented, n is the number of plots where water management practices are



240  implemented, and Land cultivated is the surface area of all the plots with or without water
241  management practices.
242

243 %Land_mulch = & Y, and eultivated (equation 12)
244 where, for a given household, plot_size_mulch; refers to the size of plot i where mulch is implemented,
245  n s the number of plots where mulch is implemented and Land cultivated is the surface area of all the
246  plots with or without mulching.

247

248  Table 2: Variables used for the farm management typology

™ plot_size_mulch

Pillar Variables Description Unit
Land receiving organic Proportion of land where animal %
fertilizer manure was applied

Crop- - -

. Maximum rate of animal manure kg.ha-1

livestock . o .

integration Max. organic input rate applied (irrespective of the crop)

Proportion of N applied as animal %
N applied as organic fertilizer = manure (versus mineral)
A Tree density on land (excluding N° of
foi(s);r Tree density on land orchards) tree.ha-1
y Number of tree species Number of tree species
Land receiving mineral Proportion of land where mineral %
fertilizer fertilizer was applied
Maximum rate of mineral input kg.ha-1

Input Max. mineral input rate applied (irrespective of the crop)

management Land receiving selective Proportion of land treated with %
herbicide selective herbicide

Proportion of land with a legume %
Land under legume crop crop (soybean, cowpea, groundnut)
Land under no till Proportion of land under no till %
. Proportion of land with Soil and %
Soil .
manasement Water Conservation Management
g Land SWCM (SWCM) practices
Land receiving mulch Proportion of land with mulch %
249
250

251  2.4. Analytical framework

252  We built two typologies, one using farm household structure variables (Table 1) and the other using
253  variables representative of management practices (Table 2). For both datasets, we used a two-step
254  statistical approach to build our typologies. First, a principal component analysis (PCA) identified the
255  most discriminant variables to summarize the diversity of the sample in a few first principal
256  components (data- or dimension-reduction process). Second, we performed a hierarchical clustering
257  (HC) analysis on these components to divide our samples into statistically distinguishable types
258 (Alvarez et al., 2018; Berre et al., 2019). We used the Ward algorithm to find compact, spherical
259  clusters. The number of clusters was defined using the dendrogram showing the decrease in the
260  dissimilarity index according to the number of clusters. Both PCA and HC were implemented in R
261  (3.0.0, R Development Core Team, 2005) using the ade4 package (Thioulouse et al., 1997).

262
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Next, we analyzed links between a given household and its associated practices. We first linked the
two typologies with an alluvial diagram (R package ggalluvial) (Brunson, 2018), which made it
possible to see the proportion of each farm household type that applied a certain set of practices,
defined according to our farm management typology. We then analyzed Pearson’s correlation among
the farm household variables and the farm management variables (R package ggcorrplot,
(Kassambara, 2016). Finally, to check for the potential prevalence of some practices or sets of
practices among specific farm types, we tested the significant differences using a non-parametric

Kruskal Wallis test for each farm management variable according to the type of farm household.

3 Results
3.1 Farm household typology

Figure 2 a, ¢, and e show the discriminant variables that distinguished the four types of farm
households shown in Figure 2b and d. The three first components of the analysis explained 61% of the
overall diversity of the household sample. The first component was related to land availability and
distinguished farm households with more cultivated land from farm households subject to high land
pressure (high adult equivalent per hectare). The second principal component revealed a gradient
based on livestock density i.e., farm households with a high livestock density and larger number of
oxen (Figure 2a and 2e). The third gradient was linked to crop diversity and contributed information
supported by principal component three (Figure 2e). In Figure 2c, the gradient is characterized by farm
households with a high Simpson index, a large proportion of land allocated to legumes in the lower
part of the graph, and farm households that allocated a large proportion of their cultivated land to

cotton in the upper part.

10
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286  Figure 2: Representation of the farm household types based on principal component analysis
287  and hierarchical clustering. The arrows on the left represent the most influential variables for
288  PC1 (horizontally) and PC2 and PC3 (vertically), and the circles and dots on the right

289  represent the projection of farms according to their type. The PCA1-2-3 loadings are

290  presented. The red dashed line indicates the expected average contribution if all variables

11
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contribute equally to the component : 100% contribution divided by the total number of
variables available in the dataset, here 100/9=11.11%.

By combining the information in table 3 with the typology, it is possible to briefly describe four
types of farm households distinguished by the PCA and hierarchical clustering:

Smallholder farmers under land pressure (type 1, n=28): With 2.1 ha and 7.5 adult equivalents
in the household, this type of farmer is under land pressure (4.5 adult equivalents per hectare) and
allocates a small share of cultivated land to cotton and legumes. The number of oxen and tropical
livestock units per hectare is high compared to the other farm types, pointing to a higher organic
input potential. Variables not used in the typology (listed in table 3) reveal that this type includes
the smallest number of farmers who grow groundnuts, and that 75% of the groundnuts they
produce are self-consumed. The maize yield is lower than in the other farm types.

Large households with a cotton-based farming system (type 2, n=100): Type 2 is characterized
by large cultivated area and a large household, respectively 15.3 ha and 11.3 adult equivalents.
They allocate 45% of their cropland to cotton, the highest proportion among the four types of farm
households. Finally, Type 2 farmers obtain the highest yield of maize with 1,414 kg ha™! compared
to other farm household types. Livestock density is low, but these farmers nevertheless own more
than five oxen and thus benefit from animal traction.

Medium-size cotton-based farming system (type 3, n=95): Type 3 is also characterized by
cotton-based farming systems (like farm type 2) with 40% of land allocated to cotton. But,
compared with farm type 2, type 3 households are smaller with only 6.6 ha and 4.3 adult
equivalents. Livestock density is low (0.5 total livestock unit per hectare) and these farmers own
fewer than two oxen.

Legume producers under land pressure (type 4, n=68): Type 4 is characterized by 22.4% of
cultivated land allocated to legumes (i.e. cowpea, groundnut, soybean). This farm type had the
highest proportion of groundnut producers (87%), but the lowest self-consumption of groundnuts,
indicating a strategy to sell this crop. Livestock density is low and these farmers own fewer than

two oxen.

Table 3: Main characteristics of the four farm types identified in the farm household typology. +/-
indicates standard error

1 (n=28) 2 (n=100) 3 (n=95) 4 (n=68)

g Land allocated to cotton (%) 5.5 #124 449 +19.5 40.2 *17.7 7.3 #13.1
ﬁ = Land allocated to legume (%) 7.2 +19.3 7.5 £8.1 6.5 +5.8 224 +12.0
2% Land cultivated (ha) 2.1 15 15.3 +9.6 6.6 +32 4.1 %26
$ 2 Adultequivalent 7.5 +4.9 11.3 6.1 43 +1.6 53 23
€2 N°ofoxen 2.9 57 5.4 136 1.8 +1.4 1.9 £1.9
S 7 Adult equivalent per ha 45 4.9 0.9 0.6 0.8 0.5 1.6 +0.9

TLU per ha 4.9 £56 0.9 +0.9 0.5 +04 1.0 +0.7
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Income per adult equivalent 1545 +2316 1999 +7140 3425 5783 4351 6674

Simpson Index 0.4 +0.2 0.6 +0.1 0.6 0.1 0.7 0.1
% Age 48.1 46.2 40.2 42.8
?% % Groundnuts self-consumed (%) 75 64.5 554 54.2
S & Yield of maize (kg.ha™)
z E 808 1414 1122 1149
£ % Yield of cotton (kg.ha™)
© 694 706 654 703

321 *In parentheses, percentage of farm households that cultivate the crop

322 3.2 Farm management typology
323 Figure 3 shows the three types of farm management distinguished by principal components 1 and 2,
324 which together explain 34% of total diversity (component 3 was explored but did not contribute any

325  additional information).

Pereent of land with mineral fertilizers application
Maximal rate of
mineral inpuls applied Percent of land with mulch
? Perceit of land with'
SN selective herhicide applieatioh—__
5 eg Iy )::e:nﬂ]nnd under no till
— e
| : TAEEEOL 08 ’P:f'ﬂ/ Pereent of land under
o p— cereal-legume intercraping
et @] Percent of land with soil ‘ - P
o~ B and water conservation practices |
T
5 i
= o o Tree density
ol org: e ‘
E Percent of land with \
A wrganic fertilizer application
&~
g
gj} Percent of N applied as organic fertilizer
I
0,
o PC1 (18.6%)
Contribution of variables to Dim-1 Contributien of variables to Dim-2

Contributions (%)

326

327  Figure 3: Representation of the farm management types based on principal component analysis and
328  hierarchical clustering. The arrows on the left represent the most influential variables for PC1
329  (horizontally) and PC2 (top and bottom circle, respectively), and the circles and dots on the right
330  represent the projection of farms according to their type of practice. The PCA1-2 loadings are
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presented. The red dashed line indicates the expected average contribution if all variables contribute
equally to the component.

Table 4 summarizes the main variables from the agricultural management survey according to each set

of practices. Combining this information with the typology made it possible to briefly describe three

farm management types distinguished by the PCA and hierarchical clustering:

Mineral input users (type 1, n = 202): Type 1 is characterized by the input management pillar of
our framework, with the highest proportion of land where herbicide and mineral fertilizer are used
(at an average maximum rate of 161 kg.N ha') and the smallest proportion of land allocated to
legume crops. This type groups farmers with a relatively high proportion of land under mulch
(41%) or who apply soil and water conservation practices on 20% of their land.

Manure users and high tree density (type 2, n=21): This farm management type is associated
with two main pillars of our framework: crop-livestock integration, and agroforestry. Farmers
belonging to this farm management type can be defined as having a high proportion of their land
receiving organic fertilizer and plots with a high tree density. Despite the high tree density, no-till
practices are only used in 10% of their plots. In terms of inputs, they use mineral fertilizers on
only 14% of their land at an average maximum rate of 49 kg.N ha™!. They leave mulch on 29% of
their land and grow a legume crop (either inter-cropped or in rotation) on 17% on their land.
Cereal-legume rotation and mulch users (type 3; n=68): Type 3 is characterized by a soil
management pillar with more than half their land under mulch and 39% of their land is no till.
They apply mineral fertilizer to 40% of their plots at an average maximum rate of 92 kgN.ha™.
Their land has the lowest tree density, and they apply little organic fertilizer on their land, but have

the highest proportion of plots allocated to legume crops.

Table 4: Main characteristics of the three farm management types identified in the farm management
typology. +/- indicates standard error (SWCM : Soil and Water Conservation Measures)

SI pillars Variables Unit 1 (n=202) 2 (n=21) 3 (n=68)
Crop-livestock N applied as organic
integration fertilizer % T #7 64 35 3 45
Land receiving  organic
fertilizer % 29 %26 47  £32 4 9
Max. organic input rate kg.ha'! 10 +19 53 +136 2 45
Agroforestry Tree density tree/ha 8 47 14 413 6 4
N° of tree species unit 3 0 3 +2 2 41
Input Land receiving  mineral
management fertilizer % 70 +26 14 22 40 431
Max. mineral input rate kgN.ha' 161  +103 49  +68 92 61
Land receiving selective
herbicide % 75 +31 41 46 35 36
Land under legume crop % 11 +16 17 24 22 128
Soil Land under no till % 6 =16 10 +26 39 40
management Land under SWCM % 20 428 17 £33 4 =15

14
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Land under mulch % 41 132 29 128 62 435

3.3 Link between farm household types and farm management types
Figure 4 shows the connection between farm household types and the farm management types. There

is a link between large households with cotton-based farming systems and the farm management
types, as 94% of this group belong to the mineral input users type. The medium-size cotton-based
farming system type is also characterized by a large proportion of households who use mineral inputs
(67.4%) and a significant share of cereal-legume rotation and mulch users (29.5%). Less than 50% of
the two other farm household types belong to the farm management type mineral input users (45.6%
and 46.4% respectively, for legume producers and smallholder farmers). We found a positive
correlation between land receiving mineral fertilizer and land allocated to cotton (0.68, figure S1).
Figure 5 shows similar trends, i.e., the two cotton-based farming systems (types 2-3) have similar
levels of variables representative of the input management pillar (high level of input use), and the
crop-livestock integration pillar (low level). However, 29.5% of medium-size cotton-based farming
systems also leave some mulch on their fields and implement cereal-legume rotation. Medium-size
cotton-based farming system used soil management practices in the form of no-till and use mulch on a

higher proportion of their land than large households with a cotton-based farming system.

214 Manure users &

high tree densitx
Large e ——

household
with cotton-
based farming

Cereal-legume
rotation and

Medium-size
cotton-based

systems mulch users
> 200+
T
= Legume
w
S
g producer
= under land
s pressure | 456 P .
S 32 E— . )
g 295 Mineral input
Z. 100

users

farming
system

Smallholder farmers 25‘
under land pressure 46.4

0 -
Typology of household

Figure 4: Link between farm household and farm management types

Typology of practices

Smallholder farmers and legumes producers under land pressure used a more balanced share of
practices. Respectively, 25.0%, 28.6%, and 46.4% of farmers belonging to the “smallholders under
land pressure” type, corresponded to the farm management types cereal-legume rotation, manure user,
and user of mineral inputs. In comparison, 42.6%, 11.8%, and 45.6% of the farmers belonging to the

“legume producers” type correspond to the farm management types cereal-legume rotation, manure

15



378
379
380
381
382
383
384

385
386

387
388
389
390
391
392
393

394
395
396
397

user, and mineral input users, respectively. Hence, almost half the smallholders under land pressure,
and legume producers use mineral inputs. Figure 5 also shows that “smallholder farmers under land
pressure” have a higher tree density and apply N in the form of organic fertilizer. Smallholder farmers
under land pressure used significantly less selective herbicide as confirmed by the negative correlation
between adult equivalent per hectare and percentage of land with selective herbicide (-0.3, figure S1).
Figure 5 shows that ‘legume producers’ have proportionally more land under cereal-legume rotation

and use less inputs (selective herbicides and mineral fertilizer).

Percent of land with Tree density Percent of land with Percent of land under
organic fertilizer application mineral fertilizer application no till
a a b b ;:: a b b a a b c a ab a b b
90 g 40 Ell 90
60 gzu 60 £ 60
30 ﬁ = $ $ 30 30 |j
0 o 0 0
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Maximum rate of Number of tree species Maximum rate of Percent of land with soil and
organic input applied 8 a a a mineral input applied water conservation practices
40 a a b b R c a b be a b ab a
: 6 300 90
30 3 o X
B <200 $ =60
x " x
10 2 100 % 30
0 é 0 0 0 —
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Percent of N applied as Percent of land with Percent of land under
organic fertilizer selective herbicide application mulch

a bc b €

ab a a b ab a b ab
90 L1 2
E i E ﬁ ? @ g E Q E $ é
30 30 30
2 3 4 1 2 3 4 1 2 3 4

1

Percent of land under
cereal legume rotation
a b

b €
90
*60
30
1 e es
1 2 3 4

Crop livestock integration Agroforestry Input management Soil management

1. Smallholder farmers under land pressure

2. Large households with a cotton based farming system

3. Medium size households with a cotton based farming system
4. Legume producers under land pressure

Figure 5: Boxplot for each sustainable intensification practice indicator (see table 2 for units)
according to our four pillars for the four farm household types. The upper and lower edges of the
boxes indicate the 75" and 25™ percentiles, the horizontal line in each box indicates the median,
whiskers below and above the box indicate the 10" and 90" percentiles. Within each sustainable
intensification practice indicator, means of boxes with the same letter are not significantly different at
P < 0.05 in pairwise comparisons (Kruskal Wallis and Dunn's test).

4 Discussion

4.1 Prudence in tailoring management practices to farm household types
The typologies revealed drivers of diversity in household types and their agriculture practices. The

farm household typology revealed the main structural variables that influence farming system diversity
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in the region, i.e. land use and the proportion of land under cotton, and the contrasted level of crop-
livestock interaction (Figure 2), in agreement with results reported in the literature (Vall et al., 2006;
Diarisso et al., 2015). The farm management typology revealed contrasted agricultural practices used
to improve soil fertility with legume, manure, or mineral inputs. We aimed to connect the two
typologies to reveal the strength of the link between a given farm type and its associated sustainable
intensification practices. In doing so, we revealed that cotton production and its mineral input supply
system, along with the gradient of crop-livestock integration, are key variables to understand the

strength of the link between the type of household and its agricultural practices.

Cotton is the main cropping system in the region, with 70% of the households growing cotton.
Farmers in the region are often cash-constrained and the credit scheme offered by cotton companies
means they have access to fertilizer (Ripoche et al. 2015). Hence, the two farm household types with
cotton-based farming systems have the highest proportion of farmers belonging to the farm
management type ‘mineral input users’ (Figure 4), and they apply fertilizer to more land than farmers
belonging to other types of farming systems (Figure 5). However, the farm management typology also
revealed the widespread use of mineral inputs with 70% of the households using mineral inputs
independently of the farm household type, showing that management strategies are partially
dissociated from household types, as some practices are the result of wider scale drivers that affect all
types of smallholder farmers. Indeed, it has been shown that, in sub-Saharan Africa, sustainable
intensification of the systems depends on the use of fertilizer to increase smallholder farmers’ crop

productivity (Adam et al., 2020; Vanlauwe et al., 2014).

Regarding crop-livestock integration, the farm household typology also reveals varying degrees of
crop-livestock integration in the region as a strategy to cope with land pressure and difficult access to a
supply of animal feed (Vall et al 2006). Livestock density ranged from 0.9 to 4.9 TLU.ha"! between
types. Farmers with a rather low TLU.ha™! compared to all the other farmers, seem to compensate for
their limited supply of manure for use as fertilizer by implementing crop-legume rotation. In addition,
their reduced need for feed for their small herd allows them to increase soil fertility by leaving mulch
on a larger proportion of their land. Further, we showed that the households under land pressure
(smallholder farmers and legume producers under land pressure) did have a smaller proportion of
mineral input users, due to their smaller share of land allocated to cotton production. We can thus
assume that smallholder farmers with limited land favor the allocation of land to subsistence crops
(e.g. maize, legume, sorghum) to the detriment of cotton. Indeed, the volatility of cash crop market is
too hazardous for these risk-averse households which may prefer to ensure the basic nutritional need

of the household with subsistence crops.

Farm household typologies are a widely used tool to help extension services, NGOs, government, and

researchers to better target recommendation domains (Descheemaeker et al., 2019). Nonetheless, our
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two-typology approach identified problems concerning tailoring practices based on farm household
types. Thanks to the farm household typology, we identified key discriminant variables of the farming
systems. Some management practices were implemented by all household types (i.e. mineral inputs),
because of the global need to intensify these systems already underlined by Adam et al. (2020) and
Vanlauwe et al. (2014). Further, we identified a diversification of agricultural practices (more
balanced distribution between the three types of farm management practices) by smallholders under
land pressure. Our combined approach involving both data on household structure and basic
agricultural practices indicators revealed matches and mismatches. Hence, rather than using a farm
household typology, we suggest defining locally relevant key indicators to be used by extension
services or NGOs to catalyze dialogue on tailored practices during national surveys in the agricultural

sector, or research and development projects.

4.2 Combined typologies based on expert-based variables to reveal farm management
drivers
Our study illustrates how difficult it is to connect a given household type to a given management type.
Our demonstration of this difficulty reinforces the importance of the ‘options by context’ concept
(Descheemaeker et al., 2019) which calls for tailoring management practices to the real-world
heterogeneity of farmers’ circumstances. Developing farmer research networks (i.e. large-scale
participatory research) to capture the diversity of farmers’ conditions could be a useful alternative
strategy (Nelson et al., 2019). It would help gather information from a large number of farmers, and
enable rigorous, democratized, and useful knowledge creation (Richardson et al., 2021). Farmer
research networks offer an alternative solution between blanket recommendation based on household
typology on the one hand (Berre et al., 2019), and qualitative studies focusing on singular case studies
on the other hand (Ryschawy et al., 2019). These networks should encourage collaboration among
different actors (i.e. farmers, extensionists, farmers, representative of local institutions) and help
farmers to make informed choice on agroecological practices that they can adapt to their contexts
(Richardson et al., 2021). As farmer research networks bring groups of farmers to the center of the
research, it would facilitate an integration process that would help define locally relevant indicators to

guide the recommendations of management practices that fit their particular contexts.

Using farmer research networks, we propose to combine farm household typologies with the use of
locally relevant variables. The definition of these locally relevant variables appeared to be essential in
our study by adding information on crop-livestock integration and legume production. Even if
different methodologies are available to assess agro-ecological practices (Wezel et al., 2020; Chopin et
al., 2021), the choice to conduct our analysis based on four locally-relevant pillars (crop-livestock
integration, agroforestry, input management and soil management) was crucial to reveal this set of

locally-relevant variables that focused on the key practices observed in the region.
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4.3  Limits of the approach

Developing typologies using statistical analysis depends to a great extent on selecting the right
variables for the analysis of the collected data (Berre et al., 2019). Principal component analysis
(PCA) aims to reduce the dataset by combining multiple variables into a smaller number of “factors' or
“principal components' (Alvarez et al., 2018). Ideally, variables to use as inputs in a PCA should be
independent to avoid noise in the analysis and to better capture the variability in the dataset. However,
in our study, we decided to rely on the definition of a framework based on four main pillars to define
the farm management typology. Each variable was chosen to represent each pillar of our framework,
and hence some variables are inter-related (e.g. the percent of N applied as organic fertilizer in the
“crop-livestock integration” pillar is obviously correlated with the maximum rate of mineral input

applied in the ‘input management” pillar).

Further, we decided to focus our typology on the plot, hence variables that are important from a
perspective beyond the plot scale were not included. For instance, in our study area, free grazing, a
traditional practice allowing livestock owners to graze their animals on crop residues after harvest, has
a major effect on practices such as leaving mulch on the ground in the field and on biomass flow at a
larger scale than the farm scale (Berre et al., 2021). Other important farm level aspects also left out of
our study were labor and off-farm activities (Falconnier et al., 2018). Including these components was

beyond the scope of this study.

Another limitation of our study is the absence of a historic dimension, as we failed to capture farmers’
strategies we would have captured using a more longitudinal dataset. We relied on a household survey
that only provides a “snapshot” taken at a given point in time, whereas tailoring practices to a given
farm type involves a moving target (Valbuena et al., 2015). Framing this in our local context, we can
state that a more longitudinal approach could have explained the increase in crop-livestock integration
in the region, e.g. cattle owners investing in crop production in reaction to severe drought in the region
(Ayantunde et al., 2020). As a complement to the use of typology, we recommend collecting robust

data over time to monitor and analyze changes over time.

5 Conclusion
We built one typology based on the structure of farm households and another based on farmers’

practices that represent the diversity of agricultural practices used by farmers in the Sudano-Sahelian
zone of Burkina Faso. By analyzing the links between these two typologies, we revealed the
complexity of tailoring management practices to a specific farm household type. Even if farmers
belonging to the ‘cotton-based farming systems’ type were significantly represented in the farm
management type “mineral input users”, mineral inputs were also widely used by the other farm
household types. Further, we showed that the farm household types under land pressure applied more

diversified management strategies, and that it was consequently difficult to use the farm household
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type to tailor management practices. Rather than using a farm household typology, we suggest that
extension officers use farmer research networks to define locally relevant indicators that will help to
better tailor practices to fit farmers’ needs. Our study aimed to contribute to the theoretical debate in
systems agronomy on the promotion of tailored technologies in a context of highly diverse farming
systems in Sudano-Sahelian Burkina Faso. Beyond concepts and theoretical assumptions, the
mismatch between household type and farm management type call for more research on the drivers of

- and barriers to - sustainable intensification practices.

6 Acknowledgements

This research was funded by the Métaprogramme commun INRA-CIRAD “GlofoodS: Transition to
Global Food Security”. This article also benefited from the RELAX project (N° AF 1507-329; N° FC
2015-2440, N° FDNC Engt 00063479), funded under the Thought for Food initiative, by Agropolis
Fondation (ANR-10-LABX-0001-01), by Fondazione Cariplo and by Fondation Daniel et Nina
Carasso.

All the authors acknowledge the partners of the ASAP platform (https://www.dp-asap.org/) and also
thank the farmers for their collaboration in this study.

This article is dedicated to the memory of Michel Havard.

7 References

Adam, M., MacCarthy, D.S., Traoré, P.C.S., Nenkam, A., Freduah, B.S., Ly, M., Adiku, S.G.K., 2020.
Which is more important to sorghum production systems in the Sudano-Sahelian zone of West
Africa: Climate change or improved management practices? Agric. Syst. 185, 102920.
https://doi.org/10.1016/j.agsy.2020.102920

Alobo Loison, S., 2015. Rural livelihood diversification in sub-Saharan Africa: a literature review.
The Journal of Development Studies 51(9), 1125-1138

Alvarez, S., Timler, C. J., Michalscheck, M., Paas, W., Descheemaeker, K., Tittonell, P., Andersson, J.
A. and Groot, J. C. J., 2018. Capturing farm diversity with hypothesis-based typologies: An
innovative methodological framework for farming system typology development. PLoS One
13(5), e0194757

Andrieu, N., Vayssieres, J., Corbeels, M., Blanchard, M., Vall, E. and Tittonell, P., 2015. From farm
scale synergies to village scale trade-offs: Cereal crop residues use in an agro-pastoral system of
the Sudanian zone of Burkina Faso. Agricultural Systems 134, 84-96

Audouin, E., Vayssieres, J., Odru, M., Masse, D., Dorégo, G. S., Delaunay, V. and Lecomte, P., 2015.
Réintroduire I’élevage pour accroitre la durabilité des terroirs villageois d'Afrique de 1'Ouest: le
cas du bassin arachidier au Sénégal, in: Sultan, B., Lalou, R., Oumarou, A., Sanni, M. A. and
Soumaré, A. (Eds), Les Sociétés Rurales Face Aux Changements Environnementaux En Afrique
de 1'0Ouest, IRD Editions, Bondy, France, pp. 403—427.

Aune, J. B. and Bationo, A., 2008. Agricultural intensification in the Sahel-The ladder approach.
Agricultural systems 98(2), 119-125

Ayantunde, A. A., Oluwatosin, B. O., Yameogo, V. and van Wijk, M., 2020. Perceived benefits,
constraints and determinants of sustainable intensification of mixed crop and livestock systems in
the Sahelian zone of Burkina Faso. International Journal of Agricultural Sustainability 18(1), 84-
98

Barrios, E., Gemmill-Herren, B., Bicksler, A., Siliprandi, E., Brathwaite, R., Moller, S., Batello, C.
and Tittonell, P., 2020. The 10 Elements of Agroecology: enabling transitions towards
sustainable agriculture and food systems through visual narratives. Ecosystems and People 16(1),
230-247

20



550
551

552
553
554

555
556
557
558

559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601

Beillouin, D., Ben-Ari, T., Malézieux, E., Seufert, V., Makowski, D., 2020. Benefits of crop
diversification for biodiversity and ecosystem services (preprint). Ecology.

Berre, D., Corbeels, M., Rusinamhodzi, L., Mutenje, M., Thierfelder, C. and Lopez-Ridaura, S., 2017.
Thinking beyond agronomic yield gap: Smallholder farm efficiency under contrasted livelihood
strategies in Malawi. Field crops research 214, 113-122

Berre, D., Baudron, F., Kassie, M., Craufurd, P., Lopez-Ridaura, S., 2019. Different ways to cut a
cake: comparing expert-based and statistical typologies to target sustainable intensification
technologies: a case study in southern Ethiopia. Exp. Agric. 55, 191-207.
https://doi.org/10.1017/S0014479716000727

Berre, D., Diarisso, T., Andrieu, N., Le Page, C. and Corbeels, M., 2021. Biomass flows in an agro-
pastoral village in West-Africa: Who benefits from crop residue mulching? Agricultural Systems
187, 102981

Brunson, J. C., 2018. ggalluvial: Alluvial Diagrams in'ggplot2'. R package version 0.9 1.
https://CRAN.R-project.org/package=ggalluvial

Butterbach-Bahl, K., Gettel, G., Kiese, R., Fuchs, K., Werner, C., Rahimi, J., Barthel, M. and
Merbold, L., 2020. Livestock enclosures in drylands of Sub-Saharan Africa are overlooked
hotspots of N 2 O emissions. Nature communications 11(1), 1-6

Chopin, P., Mubaya, C. P., Descheemaeker, K., Oborn, 1. and Bergkvist, G., 2021. Avenues for
improving farming sustainability assessment with upgraded tools, sustainability framing and
indicators. A review. Agronomy for Sustainable Development 41(2), 1-20.
https://doi.org/10.1007/s13593-021-00674-3

De Longueville, F., Hountondji, Y. C., Kindo, 1., Gemenne, F. and Ozer, P., 2016. Long-term analysis
of rainfall and temperature data in Burkina Faso (1950-2013). International Journal of
Climatology 36(13), 4393-4405

Descheemaeker, K., Ronner, E., Ollenburger, M., Franke, A. C., Klapwijk, C. J., Falconnier, G. N.,
Wichern, J. and Giller, K. E., 2019. Which options fit best? Operationalizing the socio-ecological
niche concept. Experimental Agriculture 55(S1), 169-190

Diarisso, T., Corbeels, M., Andrieu, N., Djamen, P., Douzet, J.-M. and Tittonell, P., 2016. Soil
variability and crop yield gaps in two village landscapes of Burkina Faso. Nutrient cycling in
agroecosystems 105(3), 199-216

Diarisso, T., Corbeels, M., Andrieu, N., Djamen, P. and Tittonell, P., 2015. Biomass transfers and
nutrient budgets of the agro-pastoral systems in a village territory in south-western Burkina Faso.
Nutrient Cycling in Agroecosystems 101(3), 295-315

Dorward, A., Anderson, S., Bernal, Y. N., Vera, E. S., Rushton, J., Pattison, J. and Paz, R., 2009.
Hanging in, stepping up and stepping out: livelihood aspirations and strategies of the poor.
Development in practice 19(2), 240-247

Falconnier, G. N., Descheemaeker, K., Traore, B., Bayoko, A. and Giller, K. E., 2018. Agricultural
intensification and policy interventions: Exploring plausible futures for smallholder farmers in
Southern Mali. Land Use Policy 70, 623-634

Giller, K. E., 2013. Can we define the term ‘farming systems’? A question of scale. Outlook on
Agriculture 42(3), 149-153

Giller, K. E., Andersson, J. A., Corbeels, M., Kirkegaard, J., Mortensen, D., Erenstein, O. and
Vanlauwe, B., 2015. Beyond conservation agriculture. Frontiers in plant science 6, 870.
https://doi.org/10.3389/fpls.2015.00870

Giller, K. E., Witter, E., Corbeels, M. and Tittonell, P., 2009. Conservation agriculture and
smallholder farming in Africa: the heretics’ view. Field crops research 114(1), 23-34.
https://doi.org/10.1016/j.fcr.2009.06.017

Gray, L. C., 2005. What kind of intensification? Agricultural practice, soil fertility and socioeconomic
differentiation in rural Burkina Faso. Geographical Journal 171(1), 70-82

Gray, L. C. and Dowd-Uribe, B., 2013. A political ecology of socio-economic differentiation: Debt,
inputs and liberalization reforms in southwestern Burkina Faso. Journal of Peasant Studies 40(4),
683-702

21



602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656

Guérin, H., Sall, C., Friot, D., Ndoye, A. and Ahokpé, B., 1986. Ebauche d'une méthodologie de
diagnostic de I'alimentation des ruminants domestiques dans un systeéme agro-pastoral: I'exemple
de Thissé-Kaymor-Sonkorong au Sénégal. Les Cahiers de la Recherche Développement(9-10),
60-69

Jahel, C., Vall, E., Rodriguez, Z., Bégué, A., Baron, C., Augusseau, X. and Seen, D. L., 2018.
Analysing plausible futures from past patterns of land change in West Burkina Faso. Land Use
Policy 71, 60-74

Jain, R., Arora, A. and Raju, S. S., 2009. A novel adoption index of selected agricultural technologies:
Linkages with infrastructure and productivity. Agricultural Economics Research Review 22(347-
2016-16726), 109-120

Jollivet, M., 1965. D'une méthode typologique pour l'étude des sociétés rurales. Revue francaise de
sociologie 6(1), 33-54

Kassambara, A., 2016. ggcorrplot: Visualization of a Correlation Matrix using’ggplot2’. R package
version 1, 1. https://CRAN.R-project.org/package=ggcorrplot

Koffi, C. K., Djoudi, H. and Gautier, D., 2017. Landscape diversity and associated coping strategies
during food shortage periods: evidence from the Sudano-Sahelian region of Burkina Faso.
Regional Environmental Change 17(5), 1369-1380. https://doi.org/10.1007/s10113-016-0945-z

Kuivanen, K. S., Alvarez, S., Michalscheck, M., Adjei-Nsiah, S., Descheemaeker, K., Mellon-Bedi, S.
and Groot, J. C. J., 2016. Characterising the diversity of smallholder farming systems and their
constraints and opportunities for innovation: A case study from the Northern Region, Ghana.
NJAS-Wageningen Journal of Life Sciences 78, 153-166

Landais, E., 1998. Modelling farm diversity: new approaches to typology building in France.
Agricultural systems 58(4), 505-527

Lentz, C., 2005. First-comers and late-comers: The role of narratives in land, in: Evers, S.,
Spierenburg, M. and Wels, H. (Eds), Competing Juridictions. Settling land claims in Africa,
Koninklijke Brill NV, Leiden, The Netherlands, pp. 157-180.

Nelson, R., Coe, R. and Haussmann, B. I. G., 2019. Farmer research networks as a strategy for
matching diverse options and contexts in smallholder agriculture. Experimental Agriculture
55(S1), 125-144

Nyamekye, C., Thiel, M., Schonbrodt-Stitt, S., Zoungrana, B. J.-B. and Amekudzi, L. K., 2018. Soil
and Water Conservation in Burkina Faso, West Africa. Sustainability 10(9), 3182.
https://doi.org/10.3390/su10093182

OECD 1982, The OECD List of Social Indicators. Paris, OECD.

Ouedraogo, L., Tigabu, M., Savadogo, P., Compaoré, H., Oden, P. C. and Ouadba, J. M., 2010. Land
cover change and its relation with population dynamics in Burkina Faso, West Africa. Land
Degradation & Development 21(5), 453-462

Pehou, C., Djoudi, H., Vinceti, B. and Elias, M., 2020. Intersecting and dynamic gender rights to néré,
a food tree species in Burkina Faso. Journal of Rural Studies 76, 230-239

Perrot, C. and Landais, E., 1993. Exploitations agricoles: pourquoi poursuivre la recherche sur les
méthodes typologiques? Cahiers de la Recherche Développement(33), 13-23

Richardson, M., Coe, R., Descheemaeker, K., Haussmann, B., Wellard, K., Moore, M., Maland Cady,
J., Gubbels, P., Tchuwa, F., Paz Y., R., Nelson, R., 2021. Farmer research networks in principle
and practice. International Journal of Agricultural Sustainability

Ripoche, A., Crétenet, M., Corbeels, M., Affholder, F., Naudin, K., Sissoko, F., Douzet, J.-M. and
Tittonell, P., 2015. Cotton as an entry point for soil fertility maintenance and food crop
productivity in savannah agroecosystems—Evidence from a long-term experiment in southern
Mali. Field crops research 177, 37-48

Riveiro, J. A., Mantecén, A. R., Alvarez, C.J. and Lavin, P., 2013. A typological characterization of
dairy Assaf breed sheep farms at NW of Spain based on structural factor. Agricultural systems
120, 27-37

Ryschawy, J., Moraine, M., Péquignot, M., Martin, G., 2019. Trade-offs among individual and
collective performances related to crop-livestock integration among farms: a case study in
southwestern France. Org. Agric. 9, 399-416.

Simpson, E. H., 1949. Measurement of diversity. nature 163(4148), 688-688.
https://doi.org/10.1038/163688a0

22



657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689

Snijders, P. J. M., Davies, O., Wouters, A. P., Gachimbi, L., Zake, J., Ergano, K., Abduke, M. and
Van Keulen, H. 2009, Cattle manure management in East Africa: Review of manure quality and
nutrient losses and scenarios for cattle and manure management. Wageningen, The Netherlands,
Wageningen UR Livestock Research: 39.

Thioulouse, J., Chessel, D., Dole, S. and Olivier, J.-M., 1997. ADE-4: a multivariate analysis and
graphical display software. Statistics and computing 7(1), 75-83

Tittonell, P., 2020. Assessing resilience and adaptability in agroecological transitions. Agricultural
Systems 184, 102862. https://doi.org/10.1016/j.agsy.2020.102862

Tittonell, P. and Giller, K. E., 2013. When yield gaps are poverty traps: The paradigm of ecological
intensification in African smallholder agriculture. Field Crops Research 143, 76-90

Traoré, S., 2020. Farmer organizations and maize productivity in rural Burkina Faso: The effects of
the diversion strategy on cotton input loans. Review of Development Economics 24(3), 1150-
1166

Valbuena, D., Groot, J. C. J., Mukalama, J., Gérard, B. and Tittonell, P., 2015. Improving rural
livelihoods as a “moving target”: trajectories of change in smallholder farming systems of
Western Kenya. Regional Environmental Change 15(7), 1395-1407

Vall, E., Dugué, P. and Blanchard, M., 2006. Le tissage des relations agriculture-élevage au fil du
coton. Cahiers Agricultures 15(1), 72-79 (71)

Van Dijk, M., Morley, T., Jongeneel, R., van Ittersum, M., Reidsma, P. and Ruben, R., 2017.
Disentangling agronomic and economic yield gaps: An integrated framework and application.
Agricultural Systems 154, 90-99

Vanlauwe, B., Wendt, J., Giller, K.E., Corbeels, M., Gerard, B., 2014. Response to Sommer et al.
(2014) Fertiliser use is not required as a fourth principle to define conservation agriculture. Field
Crops Res. 167, 159. https://doi.org/10.1016/j.fcr.2014.08.009

Vanlauwe, Bernard, Coe, R., Giller, K.E., 2019. Beyond averages: new approaches to understand
heterogeneity and risk of technology success or failure in smallholder farming. Exp. Agric. 55,
84—106. https://doi.org/10.1017/S0014479716000193

Wezel, A., Herren, B. G., Kerr, R. B., Barrios, E., Gongalves, A. L. R. and Sinclair, F., 2020.
Agroecological principles and elements and their implications for transitioning to sustainable
food systems. A review. Agronomy for Sustainable Development 40(6), 1-13

Wilkinson, L. and Urbanek, S., 2011. venneuler: Venn and Euler Diagrams. R package version 1.1-0.
https://CRAN.R-project.org/package=venneuler

23



I Farm household data

Socio-economic and technical dataset on 291 smallholders household

- Locally-relevant indicators to decribe sustainable intensification practices (SIP
- Connection between household type and SIP type is assessed

Typology of household

Typology of practices

Number of farmers (n=291)
H

rotation and
mulch users

Mineral input
users

Match...

Cotton producers were mainly
input users due to the credit
scheme of cotton cmopanies to

+.. and mismatch

29.5% of mid-size cotton producers
used crop-legume rotation and
minimize farm labor, while using
less mineral inputs






