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Abstract 17 

Developing relevant decision-support tools for policymakers to support large-scale implementation of 18 

climate-smart agriculture in the Global South is challenging given the great diversity in biophysical, 19 

socio-technical, and organizational conditions. This article describes a pilot exercise inspired bythe 20 

recommendation domain literature that aimed at mapping, beyond “classical” biophysical and socio-21 

technical variables, the institutional variables (i.e., the existence of policy incentives in national policy 22 

documents) that could influence the large-scale implementation of climate-smart agricultural practices. 23 

Four practices were considered: cereal-legume intercropping, fodder legume cultivation, farmer 24 
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managed natural regeneration (FMNR) of Parkia biglobosa, and crop residue mulching. The 25 

biophysical and socio-technical variables were classified based on thresholds identified in the 26 

literature and mapped with a geographic information system. The policy documents considered were 27 

investment plans, adaptation plans for climate change, nationally determined contributions, and 28 

Technology Needs Assessments project reports. Sixteen policy documents for four countries were 29 

thoroughly reviewed and classified as unfavorable, intermediate, and favorable for the four selected 30 

practices, based on a decision tree built for that purpose. Our analysis shows that areas where 31 

biophysical, socio-technical, and institutional variables are aligned for the four practices considered 32 

are small, particularly for fodder legume cultivation and crop residue mulching. For cereal-legume 33 

intercropping, incentives from national policies strongly differ from one country to another while for 34 

FMNR of Parkia biglobosa policies are more homogeneously conducive across countries. 35 

Nonetheless, it was possible to identify areas where biophysical, socio-technical, and institutional 36 

dimensions of the transition toward climate-smart agriculture (CSA) were aligned, for example, 37 

cereal-legume intercropping in southern Mali. The delineating of favorable and unfavorable areas 38 

allows specific recommendations to be made for policymakers as levers for action differ in favorable, 39 

intermediate, and unfavorable zones. Based on the exploration made for the four practices, this study 40 

highlights the need for further articulations from local to national scale to implement CSA. 41 

 42 

Key words: climate change, recommendation domains, innovation  43 

 44 

1.  Introduction 45 

The climate-smart agriculture (CSA) concept emerged in 2010 in order to overcome the challenges 46 

presented by climate change to agricultural systems and to better incorporate agriculture in 47 

international climate negotiations. CSA identifies synergies and trade-offs among food security, 48 

adaptation and mitigation as a basis for informing and reorienting policy in response to climate change 49 

(Lipper et al., 2015). This is increasingly controversial because of a lack of clarity and a tendency to 50 
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overlook mitigation issues (Saj et al., 2017; Fallot, 2016). Concerns also exist that CSA could be co-51 

opted by some of the world’s biggest industrial contributors to climate change (Pimbert, 2015). For 52 

some authors, the concept does not focus enough on the agroecological practices and socio-technical 53 

networks used by farmers to adapt to climate change (Altieri et al., 2015). Despite these controversies, 54 

the concept offers an operational analytic framework to articulate the challenges posed by climate 55 

change (in terms of adaptation and mitigation) and sustainable development (Lipper et al., 2015).  56 

.  57 

Several countries of the Global South have adopted CSA as a strategy to achieve nationally 58 

determined contributions for climate action (unfccc.int/focus/ndc_registry/items/9433.php). Over the 59 

past few years, approaches have been proposed to prioritize climate-smart solutions in collaboration 60 

with agricultural development actors, and to develop mechanisms for wide-scale adoption (Campbell 61 

et al., 2016; Mwongera et al., 2017). However, when applied at a national scale, they do not fully 62 

succeed in considering the diversity of biophysical, socio-technical, and organizational conditions at 63 

sub-national levels. Thanks to the increased availability of high-resolution, publicly available 64 

geospatial biophysical and socioeconomic data, the recommendation (or development) domains 65 

approach has emerged (Pender et al., 2004). This approach aims at identifying locations where similar 66 

combinations of geospatial data exist in order to guide decision-making. Based on biophysical and 67 

socioeconomic variables, the approach enables defining regions where farmers' circumstances are 68 

homogeneous so that they could be potentially eligible for similar development interventions. There 69 

are two distinct types of approach: similarity analysis and threshold-based approaches. Similarity 70 

analysis relies on existing documented success stories to link them with available geospatial data. 71 

However, evidence of success stories for a given technology or a given practice is seldom available 72 

and threshold-based studies may prove more appropriate. The threshold-based approach defines 73 

categories for specific attributes in the available geospatial layers to define geographic boundaries 74 

where technology uptake is most likely (Notenbaert et al., 2017). Several studies have therefore been 75 

carried out to define recommendation domains for dual-purpose maize varieties (Notenbaert et al., 76 

2013), conservation agriculture (Tesfaye et al., 2015), and CSA options for livestock feed and 77 
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grassland management (Notenbaert et al., 2017). These studies account for a range of biophysical and 78 

socioeconomic variables, but tend to overlook current institutional arrangements in specific countries 79 

that play a role in technological transitions (Geels, 2011). Countries across the Global South exhibit 80 

contrasting and uneven policies and institutional arrangements. Adding an institutional dimension to 81 

the definition of recommendation domains is therefore crucial if relevant recommendations to 82 

policymakers are to be made.  83 

In this article, we propose a generic approach that enables the identification for policymakers of 84 

favorable zones where biophysical characteristics, socio-technical variables, and institutional 85 

environment are aligned and could trigger the implementation of specific CSA practices. Our work 86 

seeks to map the zones considered less favorable by disentangling constraints related to biophysical 87 

and socio-technical obstacles with those related to the institutional environment. By doing so, we aim 88 

to develop a prototype decision-support tool that moves beyond technical mapping focused only on 89 

biophysical and socioeconomic variables. This pilot exercise was applied to West Africa, a region 90 

particularly vulnerable to climate change. In West Africa, annual rainfall cycles are strongly 91 

determined by the position of the intertropical convergence zone. The region's climate is therefore one 92 

of the most erratic in the world, and predictions of future changes in climate (especially rainfall) and 93 

impact on crop production are highly uncertain (Müller, 2013). Despite contrasting scenarios of 94 

climate change for this region, all models predict an increase in climate variability (Cooper et al., 95 

2008; Jalloh et al., 2013). In some Sahelian areas, the production of nine of the major crops would 96 

become unviable by 2050, with the most affected crops being maize and bananas (Rippke et al., 2016). 97 

Climate change will consequently pose huge challenges to food security (Waongo et al., 2015) and 98 

particularly to child nutrition and health (Johnson and Brown, 2014). Additionnaly, West Africa is 99 

experiencing a significant growth in agriculture greenhouse gas emissions accounting for 20% of 100 

agriculture emissions in the continent (Tongwane and Moeletsi, 2018).  101 

Our analysis considers four agricultural practices with a climate-smart potential, and relies on the 102 

spatialization of a set of biophysical, socio-technical, and institutional variables. These three variables 103 

considered differed across practices, but mainly revolved around soil and climate characteristics, 104 
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population density, and policy incentives. The following sections present the steps of the approach, the 105 

variables selected, and the lessons drawn from the mapping intended for decision support. 106 

 107 

2.   Materials and methods  108 

 109 

2.1.   Choice of CSA practices  110 

Although FAO’s CSA sourcebook (2013) provides many examples, CSA is usually described in terms 111 

of objectives to be reached and not in terms of the means to be employed to reach those objectives. 112 

This leaves it open to users to decide on the approach and type of interventions they consider ”climate 113 

smart” (Torquebiau et al., 2018). We selected four agricultural practices contributing to food security, 114 

adaptation, and mitigation that were (i) indicated as very relevant for this area (Zougmore et al., 2018; 115 

Partey et al., 2018) and (ii) prioritized in a participatory exercise on CSA practices in West Africa 116 

(Andrieu et al., 2017). These practices were (i) cereal-legume intercropping, (ii) fodder legume 117 

cultivation, (iii) FMNR of Parkia biglobosa, and (iv) crop residue mulching. Selecting various 118 

practices that may present contrasted biophysical, socio-technical, and organizational conditions of 119 

implementation aimed at testing the difficulty of applying our methodological approach.  120 

Cereal-legume intercropping consists of simultaneously growing cereal and pulse crops in the same 121 

field. This traditional practice has been neglected in recent decades in favor of pure stands of cereal 122 

crops, particularly in subhumid regions because of the increased use of draught animals (Vall et al., 123 

2006). Intercropping can have a positive effect on the three pillars of CSA by (i) sustainably 124 

increasing productivity (e.g., Falconnier et al., 2016; Rusinamhodzi et al., 2012) and diversifying food 125 

sources, (ii) stabilizing yields (Raseduzzaman and Jensen, 2017), and (iii) potentially decreasing 126 

greenhouse gas (GHG) emissions (e.g., Shen et al., 2018). Sorghum-cowpea and maize-cowpea 127 

intercropping were considered.  128 

Fodder legume cultivation has an impact on the three pillars of CSA by (i) enabling sustainable 129 

productivity growth in livestock farming systems (Amole and Ayantunde, 2014; Masikati et al., 2014), 130 
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(ii) reinforcing system resilience thanks to the provision of nutritious fodder for livestock (Pugalenthi 131 

et al., 2005), and (iii) mitigating GHG emissions. Mitigation takes place through the supply of a 132 

legume fodder that is (i) more digestible than cereal straw, thus less methanogenic for ruminants, and 133 

(ii) rich in protein, which lowers the need for imported concentrates (even if the existing rates of 134 

consumption are relatively low) to maintain a constant level of production (Doreau et al., 2016; 135 

Vayssières et al., 2016). The legume chosen for our study was mucuna (Mucuna pruriens). 136 

Parkia biglobosa is an endemic tree species known as néré or the African locust bean. The protection 137 

of Parkia biglobosa integrates the three pillars of CSA. Its combination with crops can help to 138 

strengthen crop productivity due to its impact on soil organic matter (Partey et al., 2018). This tree can 139 

be used for food (fermented seed, flour), animal feed (flour), numerous medicinal purposes, and as 140 

fuel and construction material (Kater et al., 1992; Orwa et al., 2009). This wide range of uses can 141 

strengthen farming system resilience. Moreover, this tree offers potential for climate change mitigation 142 

through carbon sequestration (Corbeels et al., 2018).  143 

Mulching with crop residues contributes to a sustainable increase in productivity thanks to soil organic 144 

matter enrichment and erosion reduction (Erenstein, 2002), provided that nitrogen is not limiting crop 145 

production (Rusinamhodzi et al., 2011). It can also stabilize yield and thus strengthen resilience by 146 

helping to prevent soil water evaporation (Bationo and Mokwunye, 1991). It can contribute to 147 

mitigation through soil organic carbon sequestration when other conservation agriculture requirements 148 

are met (Corbeels et al., 2018). 149 

 150 

2.2. Methodological approach  151 

The approach starts by identifying the zones where the biophysical and socio-technical conditions are 152 

most favorable for the different CSA practices. Then, the broader backdrop of national policies 153 

(institutional conditions) that are favorable or unfavorable for these practices is identified.  154 

This involves three steps: (i) the definition of the biophysical, socio-technical, and institutional 155 

variables to be considered; (ii) the map building; and (iii) the validation of the prototype.  156 
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 157 

2.2.1. Definition of variables 158 

2.2.1.1. Biophysical and socio-technical variables 159 

We formulated hypotheses on possible levers and locks, that is, biophysical and socio-technical factors 160 

that could facilitate or limit the implementation of each practice. A variable was proposed to represent 161 

this lever or lock (Table 1). Numerical thresholds were defined so that each variable was divided into 162 

three categories: unfavorable, intermediate, or favorable. For a given variable, “unfavorable” does not 163 

mean that the practice is not feasible. It means instead that the value taken by the variable can limit its 164 

implementation (e.g., low yields below a given rainfall threshold). In what follows, we briefly describe 165 

biophysical and socio-technical variables for each of the four CSA practices. Table 2 gives an 166 

exhaustive list of the thresholds and categories for each variable as well as the source and description 167 

of the spatialized data used for the classification.  168 

Four biophysical variables and two socio-technical variables were considered for the feasibility of 169 

cereal-legume intercropping (Table 1). The first biophysical variable was rainfall, with sorghum, 170 

maize, and cowpea having specific rainfall needs (Dugje et al., 2014; Assefa et al., 2010). The second 171 

biophysical variable was land cover; forested areas, urban areas, and flooded areas were considered 172 

unfavorable for the implementation of this practice. Soil drainage and soil depth were additionally 173 

factored in because sorghum, maize, and cowpea cannot tolerate waterlogging and need well-drained 174 

soil to thrive (Singh et al., 1985). The first socio-technical variable was rural population density, with 175 

land pressure modifying farmers' objectives and constraints. When rural population density is low, and 176 

land is not a constraint, farmers are likely to turn mainly to pure crops in rotation with fallows. 177 

However, as population densities increase and arable land becomes limited, farmers have more 178 

incentive to increase land productivity with intercropping (Falconnier et al., 2018). Livestock density 179 

was considered as the second socio-technical variable. Intermediary livestock density (Table 2) was 180 

considered favorable because then legume residues can be valorized (Ajeigbe et al., 2010). When 181 

livestock become too dense, free-grazing animals may damage the legume at harvest. 182 
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Six variables were identified as relevant for the feasibility of fodder legume cultivation (mucuna). 183 

Suitable rainfall, pH, temperature, soil drainage, and soil depth were taken into account (Table 1 and 184 

Table 2). Also considered was livestock density because mucuna is chiefly dedicated to animal feed. 185 

Intermediary livestock densities were deemed favorable for mucuna production for reasons similar to 186 

those for the cereal-legume intercropping practice. 187 

Six variables were also considered for FMNR of Parkia biglobosa. Parkia biglobosa is native to West 188 

Africa and is mainly distributed on Guinean and Sudanese savannahs stretching up to the Sahel from 189 

West Africa to Uganda (Hopkins and White, 1984). Rainfall (Ecocrop, 2010), soil drainage, and soil 190 

depth were taken into account. This tree has a deeper soil preference than crops. Because of its 191 

multiple uses, livestock density and rural population density are crucial variables. For both livestock 192 

and rural population density, intermediate values allow the integration of tree products onto markets. 193 

Higher values (Table 2) threaten the survival, propagation, and regeneration of the trees because of 194 

land over-exploitation or excessive grazing by livestock (Gaisberger et al., 2017). Protected areas 195 

where harvesting trees is not authorized were also considered and excluded (Table 2). 196 

Crop residue mulching does not involve the introduction of a particular plant species and the variables 197 

considered differed slightly from those used for the preceding practices (Table 1). Mulching requires a 198 

minimum amount of crop residues (Ranaivoson et al., 2017; Lahmar et al., 2012) and therefore 199 

biomass productivity thresholds (net primary productivity, expressed in carbon) allowing sufficient 200 

biomass production were determined (Table 2). We considered that 40% of the biomass produced in a 201 

field could be used for mulching, with the remaining 60% corresponding to other uses (Andrieu et al., 202 

2015). The amounts of carbon were converted into kilograms of dry matter, considering 1 kg of dry 203 

biomass for 0.5 kg of carbon (Mathew et al., 2017). Crop residue mulching was deemed more 204 

interesting in Sahelian areas (rainfall 200‒600 mm) with sandy soils of lower fertility where the 205 

addition of organic matter and improved soil moisture are crucial (Mando and Stroosnijder, 1999; 206 

Lahmar et al., 2012). Socio-technical limitations were related to competing uses of harvested residues. 207 

Human population density and livestock density were considered. With high livestock densities, crop 208 

residues for mulching compete with animal feed, whereas, in highly populated areas, they compete 209 
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with their use as a source of energy and construction material (Bationo and Mokwunye, 1991; Andrieu 210 

et al., 2015; Mulumba and Lal, 2008).  211 

*TABLE 1 and TABLE 2 here* 212 

2.2.1.2. Institutional variables  213 

We considered the existence of policy incentives in national policy documents. We consulted national 214 

investment plans, that is, the implementation tools of the CAADP (Comprehensive Agriculture 215 

Development Program in Africa), aiming to make national agricultural policy interventions consistent 216 

with those of the common agricultural policies of the Economic Community of West African States 217 

(ECOWAS). We also considered national adaptation plans for climate change that were promoted 218 

after the 7th session of the Conference of the Parties (COP), and nationally determined contributions 219 

(NDC), presented in the 21st session of the COP in Paris. We also considered the reports (when 220 

available) produced under the Technology Needs Assessments (TNA) project, supported by the United 221 

Nations Framework Convention on Climate Change (UNFCCC). The TNA project aims at supporting 222 

countries in the identification of their technological needs in terms of adaptation and mitigation. We 223 

made this exploration for four countries where the information was easily accessible: Burkina Faso, 224 

Mali, Côte d’Ivoire, and Senegal. However, in some cases, the last version of some documents was not 225 

yet published; in this case, we used the latest available version. We first analyzed whether or not each 226 

document was favorable for the practice by thoroughly reading the documents to understand the 227 

context and the consistency of discourses and to avoid misinterpretation. We used a decision tree 228 

(Figure 1). We started by searching whether the document was mentioning the practice in generic 229 

terms (e.g., promotion of soil and water management practices in the case of crop residue mulching). 230 

If there were no generic mention of the practice, the document was not considered (case 0 in Figure 1). 231 

If the practice itself was specifically mentioned, we considered the policy context to be favorable (case 232 

3 in Figure 1). If the practice itself was not mentioned (e.g., soil and water management mentioned but 233 

crop residue mulching not mentioned), there were two possibilities. If a competing technology or 234 

practice was highlighted (e.g., the document does not mention mulching and promotes building dams 235 

for water management, or promotes the use of residues not for mulching but for other uses), we 236 
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considered that the situation was unfavorable (case 1 in Figure 1). When no competing practice was 237 

mentioned, the document was deemed intermediate (case 2 in Figure 1).  238 

We then ranked the different documents to handle the issue of divergent recommendations: the 239 

national investment plans, initially designed as a means for African countries to affirm their 240 

agricultural policy, were considered the most important. This recommendation prevailed in the case of 241 

heterogeneity across documents. Development actors usually identify climate change adaptation as 242 

more relevant to West African countries than mitigation (emissions per inhabitant are low in the 243 

region) (Andrieu et al., 2017); therefore, we accorded more importance to the adaptation plans than to 244 

the NDCs (when the investment plan did not mention the practice). Within the same type of 245 

documents (for example, between the evaluation of technological needs action plans), the principle of 246 

a minimum rank between documents was applied, considering that full support is needed if a relatively 247 

unknown practice is to be truly promoted.  248 

*Figure 1 here* 249 

 250 

2.2.2. Map building  251 

For each practice, we built two maps: one combining biophysical and socio-technical variables and the 252 

other including institutional variables. We decided to make two disctinct maps in order to highlight 253 

two processes occurring at different scales. We constituted a spatialized data system (GIS) to overlay 254 

the biophysical and socio-technical variables and their values based on their category (1 = 255 

unfavorable, 2 = intermediate, 3 = favorable): when a pixel took different values for different 256 

variables, the minimum prevailed, assuming that a single unfavorable condition could hinder the 257 

implementation of the practice. The overlay of the different GIS layers was used to highlight the areas 258 

where the potential for implementing a CSA practice was the highest. We developed policy maps by 259 

zooming in on four countries (Burkina Faso, Mali, Côté d'Ivoire, and Senegal).  260 

 261 
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2.2.3.   Validation of the prototype by expert opinion 262 

To validate the choice of variables and thresholds, the prototype developed was presented to five 263 

experts who were different from those who undertook the analysis (i.e., study co-authors) and who 264 

were chosen for their expertise in agronomy, livestock science, and West African political context. 265 

The experts did not invalidate the variables selected but rather made suggestions to interpret results 266 

and use the prototype. Their inputs are reflected in the subsequent sections. 267 

 268 

3. Results 269 

We first present the feasibility zones for the four CSA practices according to the biophysical and 270 

socio-technical conditions across West Africa. We then present the policy incentives for these 271 

practices in Burkina Faso, Mali, Côte d’Ivoire, and Senegal. Finally, we present what the 272 

recommendation domains are for these practices considering all biophysical socio-technical, and 273 

institutional variables in the four countries.  274 

3.1.      Biophysical and socio-technical feasability of CSA practices  275 

According to the biophysical and socio-technical variables considered, cereal-legume interrcroping 276 

and fodder legume had the smallest areas of feasibility (colored areas in Figure 2a and 2b). FMNR of 277 

Parkia biglobosa and mulching of crop residues had the largest area of feasibility.  278 

*Figure 2 here*279 

 280 

No "favorable" zone was identified for FMNR of Parkia biglobosa because deep soils could not be 281 

found in areas with favorable rainfall. For cereal-legume intercropping, fodder legume, and crop 282 

residue mulching, such favorable areas exist but were limited and corresponded to the green pockets in 283 

Figure 2a, b, and d. These green pockets correspond to 3.7% of the total area of feasibility for cereal-284 

legume intercropping (3.4% for sorghum intercropped with cowpea, 4% for maize intercropped with 285 

cowpea), 3.1% for fodder legume, and 2.6% for mulching. With zooming at a national scale, it seems 286 
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that the distribution of favorable areas (e.g., for maize-cowpea intercropping in Senegal, Figure 3) 287 

could also be explained by dense river and road networks. Roads and rivers did not appear in the 288 

literature analysis for the practices considered. But the locations of rivers and roads are likely 289 

correlated to variables such as population and livestock density, which were considered in our 290 

analysis. 291 

*Figure 3 here* 292 

 293 

3.2.   National policy incentives  294 

The countries expressed either homogeneous or constrasting support for the four indentified practices.  295 

 296 

*TABLES 3, 4, 5, 6 here * 297 

Cereal-legume intercropping was explicitly mentioned in only one of the 16 policy documents 298 

analyzed. Other soil and crop management practices such as composting, crop-livestock integration, 299 

and the use of mineral fertilizers were highlighted more frequently (Table 3). Fodder legume 300 

cultivation (mucuna) was explicitly mentioned in two of the 16 documents (Table 4). Five of the 16 301 

policy documents were deemed to be unfavorable because they promoted other alternatives for 302 

improving animal feeding. The remaining documents (6 out of 16) were referring to animal feeding in 303 

generic terms without a clear specification on the practices to be promoted. FMNR of native trees such 304 

as Parkia biglobosa was mentioned extensively in all the documents analyzed and therefore the policy 305 

environment was always favorable regardless of the country (Table 5). The analyzed documents did 306 

not specifically mention mulching with crop residues, and prioritized other soil and water management 307 

practices (e.g., irrigation) or different uses of crop residues (e.g., for energy production) (Table 6).  308 

Consequently, in the final ranking, the policy documents in the study countries were homogeneously 309 

favorable to FMNR of Parkia biglobosa (Figure 4c), homogeneously unfavorable to crop residue 310 

mulching (Figure 4d), and contrastingly supportive for cereal-legume intercropping and fodder legume 311 

cultivation (mucuna) (Figure 4a,b). 312 
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*Figure 4 here* 313 

3.3. CSA recommendation domains 314 

Areas where biophysical and socio-technical conditions are aligned exist, but were limited in their size 315 

in the four countries (inexistent for Parkia biglobosa and favorable area ranging from a minimum of 316 

0.5% of the total area of feasibility in the case of mucuna in Côte d’Ivoire to a maximum of 9.3% of 317 

the feasibility area for cereal-legume intercropping in Burkina Faso). Institutional variables limited the 318 

feasibility of crop residue mulching in all four countries, fodder legume cultivation in Burkina Faso, 319 

and cereal-legume intercropping in Senegal and Burkina Faso because the associated policy 320 

documents were deemed to be unfavorable to their implementation. The only area where biophysical, 321 

socio-technical, and institutional dimensions were aligned was southern Mali for cereal-legume 322 

intercropping (i.e., biophysical, socio-technical, and institutional variables were all classified as 323 

“favorable”) and corresponded to 3.2% of the feasibility area. 324 

4. Discussion 325 

4.1. Which lessons for decision-making? 326 

Our analysis showed that there is no "silver bullet" practice that could be disseminated large-scale 327 

across West Africa. This finding is in line with other studies on recommendation domains showing 328 

that only small areas match the favorable conditions for both biophysical and socio-technical criteria 329 

(e.g., Tesfaye et al., 2015). Other studies show that processes of technological transition are "situated" 330 

due to the complexity of the levers that need to be articulated (e.g., Duru et al., 2015; Hakmi and 331 

Zaoual, 2008). We also demonstrated the relevance to consider synergies between biophysical, socio-332 

technical, and institutional factors: although some areas were favorable considering biophysical and 333 

socio-technical variables, the policy environment was not always conducive in its current framing. 334 

This was particularly the case for mulching that was not promoted in any of the the analyzed policy 335 

documents.  336 

 



14 

 

The practices selected in our analysis were not necessarily those promoted by development structures. 337 

Nonetheless, they are well-known practices endorsed by research for decades without having been 338 

widely adopted by farmers. This weak adoption of practices promoted by research in West Africa has 339 

often been mentioned in the literature (Cour, 2001; Herrero et al., 2010; Nziguheba et al., 2010; Van 340 

Rijn et al., 2012). The lack of organized value chains, the limited stakeholder involvement in the 341 

formulation of problems, and limited technology development are mentioned as possible explanations 342 

(Faure et al., 2010). Low adoption may also be due to a lack of linkages between local conditions 343 

favorable to the implementation of practices and the broader institutional arrangements at the national 344 

level. Our maps added institutional conditions, as these can restrict the uptake of innovations (Geels, 345 

2011).  346 

The approach tested in this method is intended to guide interventions of policymakers aiming at 347 

promoting CSA. It makes a complementary contribution to other initiatives permitting participatory 348 

prioritization of practices and interventions nationally (Campbell et al., 2016; World Bank Group. 349 

2019). These methods are based on workshops with stakeholders that use the information produced by 350 

experts (on cost-benefit of practices, on risks, or on productivity under future climate scenarios) to 351 

define interventions. Our method particularly permits highlighting the diversity in biophysical, socio-352 

technical, and organizational conditions that will affect the implementation of the practices. The 353 

process relies on publicly available geo-spatial data and can be easily and quickly implemented by 354 

regional research institutes with basic GIS skills and expertise on locally relevant CSA practices. For 355 

example, data analysis for this study took six months and could easily be integrated into a 356 

participatory process involving farmer representatives, extension workers, researchers, and 357 

policymakers. 358 

Drawing from our analysis, there are two possible strategies for policymakers: (i) in favorable areas 359 

where biophysical, socio-technical, and institutional variables are aligned, a deeper exploration is 360 

needed to understand what is currently occurring on the ground and what the specific drivers and lock-361 

ins are for the implementation of CSA practices; (ii) in moderately favorable (intermediate) areas, 362 

investments should focus on the limiting dimensions at stake (institutional, socio-technical, and/or 363 
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biophysical when feasible). This can imply, for example, being more explicit on the nature of the 364 

practices that are promoted in the policy documents, exploring mechanisms to regulate livestock 365 

density through land charters (Dabire et al., 2017), or improving biophysical dimensions such as soil 366 

drainage through appropriate agricultural practices.  367 

The proposed maps should not be considered as prescriptive tools for policymakers indicating 368 

technological packages to implement in a particular area. They are rather tools to guide discussions 369 

with other development stakeholders. A useful prospect could be their use with a range of stakeholders 370 

(e.g., NGOs, civil society, policymakers, scientists, actors of the private sector) to define the practices 371 

to be explored; the biophysical, socio-technical, and institutional variables to be considered; and to 372 

build consensus on the weighing of these different variables (see Brandt et al. (2017) for a useful 373 

example). 374 

4.2. How can the decision support tool be improved? 375 

The limited spread of favorable areas for the four identified practices can be a matter of concern for 376 

adaptation potential of smallholder farmers across West Africa. However, exploring a wider range of 377 

CSA options, for example, supplemental irrigation and use of forecasts (Thornton et al., 2018), would 378 

potentially give a more optimistic picture. The biophysical and socio-technical variables used in this 379 

study are those classically considered in other recommendation domain studies (i.e., human and 380 

livestock density, see, e.g., Notenbaert et al., 2013; Tesfaye et al., 2015). Including other variables, 381 

such as distance to market would help to refine the areas identified depending on the practice 382 

considered. Such variable play a key role in access to institutional assets (Bansha Dulal and Shah, 383 

2014).  384 

The areas identified depend on the thresholds chosen for the variables considered. These thresholds are 385 

based on a literature review, but contrasting values for the same thresholds were found. Furthermore, 386 

some thresholds deemed unfavorable could locally prove to be favorable. For example, livestock 387 

densities deemed unfavorable for cereal-legume intercropping do not necessarily lead to crop damage: 388 
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beyond a certain stocking rate, the livestock system shifts to a stall-based system with crop residue 389 

harvesting to avoid crop-livestock interactions (Audouin et al., 2015).  390 

The method proposed makes targeting possible, but it cannot ensure that an area identified as 391 

favorable is effectively so. It allows a preliminary sorting to determine whether to pursue further 392 

investigations. Adding to the expert validation, a field evaluation that identifies the development 393 

programs involving similar practices could inform gaps between potential and actual feasibility and 394 

help to identify key variables in play. Studies on recommendation domains indeed tend to overlook the 395 

importance of the local context: even within a favorable zone, significant variation exists between 396 

different types of farmers based on production objectives and resource endowment (Giller et al., 2011) 397 

and a finer targeting of best-fit options corresponding to farm characteristics and expectations is still 398 

necessary (Descheemaeker et al., 2016). Although the need to couple the two approaches 399 

(recommendation domains and farm typologies) is acknowledged (e.g., Thornton et al., 2018), there 400 

are to our knowledge no studies doing so. Widely accessible cross-sectional household data (e.g., 401 

Frelat et al., 2016) would offer a good avenue to bridge that gap. 402 

In this study, we considered only national policy texts without looking at the critical institutions in 403 

charge of policy implementation, that is, effective translation of policy into action. By comparing 404 

national investment plans to actual investments in Senegal, Gabas et al. (2015) found important 405 

discrepancies in the funding allocated per sector, even if the actions undertaken were more or less 406 

consistent. The authors also demonstrated that policy priorities can change rapidly, for example, 407 

following elections. Differences between policy documents and their effective implementation also lie 408 

in the fact that these documents reflect more the country's position in relation to international donors 409 

than some nationaly identified priorities. Our maps could play a role in guiding the implementation of 410 

policy documents and actual investments when integrated into a participatory exercise with 411 

development actors. 412 

 413 

Conclusions 414 
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In order to identify areas in West Africa where biophysical, socio-technical, and institutional favorable 415 

conditions are aligned and trigger the implementation of CSA practices, we (i) collected and analyzed 416 

biophysical and socio-technical variables and (ii) reviewed 16 policy documents. The information was 417 

summarized and mapped into a geographic information system. We showed that areas where 418 

biophysical and socio-technical variables are favorable are limited. Non-supportive policy documents, 419 

particularly for fodder legume (mucuna) cultivation and crop residue mulching in some countries, 420 

further constrain the feasibility of these practices in the four countries studied. This work highlights 421 

the challenge of aligning biophysical, socio-technical, and institutional dimensions. It also calls for 422 

specific thinking about interventions based on the areas identified. Indeed, the identification of the 423 

dimensions that constrain practice feasibility helps to orient interventions. A limitation of this sudy is 424 

the lack of consideration of the great diversity of smallholder farm resource endowments. We suggest 425 

that recommendation domain and farm typology approaches be coupled. For testing out the 426 

combination of both approaches a perspective for this work is to better describe the diversity of 427 

farming systems in southern Mali for cereal-legume intercropping, the only area where biophysical, 428 

socio-technical, and institutional dimensions were aligned.  429 

 430 

Acknowledgment 431 

This work was funded by the Cresi program of CIRAD (Contract #2018). We acknowledge the 432 

researchers that participated in the process and Grace Delobel and Bill Hardy for translating the text 433 

into English. 434 

 435 

References 436 

Ajeigbe, H., Mohammed, S., Adeosun, J., Ihedioha, D. (2010). Farmers’ guide to increased productivity of 437 

improved legume–cereal cropping systems in the savannas of Nigeria. International Institute of Tropical 438 

Agriculture, Ibadan. 439 

Aklamavo, M., Mensah, G. (1997). Quelques aspects de l'utilisation du Mucuna en milieu rural en République 440 

du Bénin. Bulletin de la Recherche Agronomique, 19, 34-46 441 



18 

 

Altieri, M., Nicholls, C., Henao, A., Lana, M.A. (2015). Agroecology and the Design of Climate Change-442 

Resilient Farming Systems.” Agronomy for Sustainable Development, 35, 869-890. 443 

https://doi.org/10.1007/s13593-015-0285-2. 444 

Amole, T.A., Ayantunde, A. (2014). Assessment of existing and potential feed resources to improve livestock 445 

productivity in the dryland areas of Burkina Faso. ILRI Project Report. International Livestock 446 

Research Institute (ILRI), Nairobi. 447 

Andrieu, N., Sogoba, B., Zougmoré, R.B., Howland, F., Samake, O., Bonilla-Findji, O., Lizarazo, M., Nowak, 448 

A., Dembele, C., Corner-Dolloff, C. (2017). Prioritizing investments for climate-smart agriculture: 449 

Lessons learned from Mali. Agricultural Systems, 154, 13-24. 450 

http://dx.doi.org/10.1016/j.agsy.2017.02.008 451 

Andrieu, N., Vayssières, J., Corbeels, M., Blanchard, M., Vall E., Tittonell, P. (2015). From farm scale synergies 452 

to village scale trade-offs: Cereal crop residues use in an agro-pastoral system of the Sudanian zone of 453 

Burkina Faso. Agricultural Systems, 134, 84-96. http://dx.doi.org/10.1016/j.agsy.2014.08.012 454 

Assefa, Y., Staggenborg, S., Prasad, P.V.V. (2010). Grain sorghum water requirement and responses to drought 455 

stress: A review. Crop Management, 9. 10.1094/CM-2010-1109-01-RV.  456 

Audouin, E., Vayssières, J., Odru, M., Masse, D., Dorégo, G. S., Delaunay, V., Lecomte P. (2015). Réintroduire 457 

l’élevage pour accroître la durabilité des terroirs villageois d’Afrique de l’Ouest: le cas du bassin 458 

arachidier au Sénégal. In: Sultan B., Lalou R., Oumarou A., Sanni M. A., Soumare A. (Eds). Les 459 

sociétés rurales face aux changements environnementaux en Afrique de l’Ouest. IRD, Marseille, p. 403-460 

427. 461 

Bansha Dulal, H., Shah, K.U. (2014). Climate-smart social protection: Can it be achieved without a targeted 462 

household approach? Environmental Development, 10, 16-35. 463 

http://dx.doi.org/10.1016/j.envdev.2014.01.003 464 

Bationo, A. Mokwunye, A. (1991). Role of manures and crop residue in alleviating soil fertility constraints to 465 

crop production: With special reference to the Sahelian and Sudanian zones of West Africa. Fertilizer 466 

Research, 29, 117-125. 10.1007/BF01048993  467 

Booth, F., Wickens, G. (1988). Non-timber uses of selected arid zone trees and shrubs in Africa. FAO, Rome. 468 

Brandt, P., Kvakić, M., Butterbach-Bahl, K., Rufino, M.C. (2017). How to target climate-smart agriculture? 469 

Concept and application of the consensus-driven decision support framework “targetCSA.” Agricultural 470 

Systems, 151, 234-245. https://doi.org/10.1016/j.agsy.2015.12.011 471 

Campbell, B.M., Vermeulen, S.J., Aggarwal, P.K., Corner-Dolloff, C., Girvetz, E., Loboguerrero, A.M., 472 

Ramirez-Villegas, J., Rosenstock, T., Sebastian, L., Thornton, P.K., Wollenberg, E. (2016). Reducing 473 

risks to food security from climate change. Global Food Security, 11, 34-43. 474 

http://dx.doi.org/10.1016/j.gfs.2016.06.002. 475 



19 

 

Channan, S., Collins, K., Emanuel, W.R. (2014). Global mosaics of the standard MODIS land cover type data. 476 

University of Maryland and the Pacific Northwest National Laboratory, College Park, Maryland. 477 

Cooper, P.J.M., Dimes, J., Rao, K.P.C., Shapiro, B., Shiferaw, B., Twomlow, S.J. (2008). Coping better with 478 

current climatic variability in the rain-fed farming systems of sub-Saharan Africa: an essential first step 479 

in adapting to future climate change? Agriculture, Ecosystems, and Environment, 126, 24-35. 480 

http://dx.doi.org/10.1016/j.agee.2008.01.007. 481 

Corbeels, M., Cardinael, R., Naudin, K., Guibert, H., Torquebiau, E. (2018). The 4 per 1000 goal and soil carbon 482 

storage under agroforestry and conservation agriculture systems in sub-Saharan Africa. Soil and Tillage 483 

Research, 188, 16-26. https://doi.org/10.1016/j.still.2018.02.015 484 

Cour J.M. (2001). The Sahel in West Africa: countries in transition to a full market economy. Global 485 

Environmental Change, 11, 31-47. 486 

Dabire, D., Andrieu, N., Djamen, P., Coulibaly, K., Posthumus, H., Diallo, A., Karambiri, M., Douzet, J.M., 487 

Triomphe, B. (2017). Operationalizing an innovation platform approach for community-based 488 

participatory research on conservation agriculture in Burkina Faso. Experimental Agriculture, 20 p. 489 

http://dx.doi.org/10.1017/S0014479716000636 490 

Department of Agriculture, Forestry and Fisheries (2010). Sorghum: Production guidelines. Pretoria. 491 

http://www.nda.agric.za/docs/Brochures/prodGuideSorghum.pdf 492 

Descheemaeker, K., Ronner, E., Ollenburger, M., Franke, A.C., Klapwijk, C.J., Falconnier, G.N., Wichern, J., 493 

Giller, K.E. (2016). Which options fit best? Operationalizing the socio-ecological niche concept. 494 

Experimental Agriculture, 1-22. https://doi.org/10.1017/S001447971600048X 495 

Doreau M., Benhissi H., Thior Y.E., Bois B., Leydet C., Genestoux L., Lecomte P., Morgavi D.P., Ickowicz A. 496 

(2016). Methanogenic potential of forages consumed throughout the year by cattle in a Sahelian pastoral 497 

area. Animal Production Science, 56, 613-618. http://dx.doi.org/10.1071/AN15487 498 

Dugje, I.Y., Omoigui, L.O., Ekeleme, F., Kamara, A.Y., Ajeigbe, H. (2014). Farmers’ Guide to Cowpea 499 

Production in West Africa. International Institute of Tropical Agriculture, Ibadan. 500 

Du Plessis, J. (1998). Sorghum Production. Republic of South Africa-Department of Agriculture, Pretoria. 501 

Duru, M., Therond, O., Fares, M. (2015). Designing agroecological transitions; A review. Agronomy for 502 

Sustainaible Development, 35, 1237-1257. DOI 10.1007/s13593-015-0318-x 503 

Ecocrop, (2010). Ecocrop Database, [Online] FAO. Available at: http://ecocrop.fao.org/ecocrop/srv/en/home 504 

Erenstein, O. (2002). Crop residue mulching in tropical and semi-tropical countries: An evaluation of residue 505 

availability and other technological implications. Soil and Tillage Research, 67, 115-133. 506 

10.1016/S0167-1987(02)00062-4 507 



20 

 

Falconnier, G.N., Descheemaeker, K., Traore, B., Bayoko, A., Giller, K.E. (2018). Agricultural intensification 508 

and policy interventions: Exploring plausible futures for smallholder farmers in Southern Mali. Land 509 

Use Policy, 70, 623-634. https://doi.org/10.1016/j.landusepol.2017.10.044 510 

Falconnier, G.N., Descheemaeker, K., Van Mourik, T.A., Giller, K.E. (2016). Unravelling the causes of 511 

variability in crop yields and treatment responses for better tailoring of options for sustainable 512 

intensification in southern Mali. Field Crops Research, 187, 113-126. 513 

https://doi.org/10.1016/j.fcr.2015.12.015 514 

Fallot, A. (2016). Témoignage sur la conférence "Climate-smart agriculture 2015" (Montpellier, 16-18 mars 515 

2015). Natures Sciences Sociétés, 24, 151-153.  516 

http://dx.doi.org/10.1051/nss/2016013 517 

FAO. 2013. Climate-smart Agriculture Sourcebook. Rome (Italy): FAO.  518 

FAO/IIASA (2012). Global Agro-ecological Zones (GAEZ v3.0). FAO, Rome, and IIASA, Laxenburg. 519 

FAO (2006). Guidelines for Soil Description-Fourth Edition. FAO, Rome.  520 

Faure, G., Gasselin, P., Triomphe, B., Hocd, E.H., Temple, L. (2010). Innover avec les acteurs du monde rural : 521 

la recherche-action en partenariat. Versailles, France: Quae. 522 

Fick, S.E.; Hijmans, R. 2017. WorldClim 2: new 1‐km spatial resolution climate surfaces for global land areas. 523 

International journal of climatology, 37, 4302-4315 https://doi.org/10.1002/joc.5086|Frelat, R., Lopez-524 

Ridaura, S., Giller, K.E., Herrero, M., Douxchamps, S., Djurfeldt, A.A., Erenstein, O., Henderson, B., 525 

Kassie, M., Paul, B.K., Rigolot, C., Ritzema, R.S., Rodriguez, D., van Asten, P.J.A., van Wijk, M.T. 526 

(2016). Drivers of household food availability in sub-Saharan Africa based on big data from small 527 

farms. Proceedings of the National Academy of Sciences of the United States of America, 113, 458-463. 528 

https://doi.org/10.1073/pnas.1518384112 529 

Gaisberger, H., Kindt, R., Loo, J., Schmidt, M., Bognounou, F., Da, S., Diallo, O., Ganaba, S., Gnoumou, A., 530 

Lompo, D., Lykke, A., Mbayngone, E., Nacoulma, B., Ouedraogo, M., Ouédraogo, O., Parkouda, C., 531 

Porembski, S., Savadogo, P., Thiombiano, A., Zerbo, G., Vinceti, B. (2017). Spatially explicit multi-532 

threat assessment of food tree species in Burkina Faso: A fine-scale approach. PLOS ONE, 12(9). doi: 533 

10.1371/journal.pone.0184457. eCollection 2017 534 

Geels, F. W. (2011). The multi-level perspective on sustainability transitions: Responses to seven criticisms. 535 

Environmental Innovation and Societal Transitions, 1, 24-40 536 

Giller, K.E., Tittonell, P., Rufino, M.C., van Wijk, M.T., Zingore, S., Mapfumo, P., Adjei-Nsiah, S., Herrero, M., 537 

Chikowo, R., Corbeels, M., Rowe, E.C., Baijukya, F., Mwijage, A., Smith, J., Yeboah, E., van der 538 

Burg, W.J., Sanogo, O.M., Misiko, M., de Ridder, N., Karanja, S., Kaizzi, C., K’ungu, J., Mwale, M., 539 

Nwaga, D., Pacini, C., Vanlauwe, B. (2011). Communicating complexity: Integrated assessment of 540 

trade-offs concerning soil fertility management within African farming systems to support innovation 541 

and development. Agricultural Systems, 104, 191-203. https://doi.org/10.1016/j.agsy.2010.07.002 542 



21 

 

Gomez, C. (2004). Cowpea: Post Harvest Operations. Information Network for Post-Harvest Operations. FAO, 543 

Rome.    544 

Hakmi, L., Zaoual, H. (2008). La dimension territoriale de l'innovation. Marché et organisations, 17-35. doi: 545 

10.3917/maorg.007.0017.  546 

Harris, I., Jones, P.D., Osborn, T.J., Lister, D.H. (2014), Updated high-resolution grids of monthly climatic 547 

observations – the CRU TS3.10 Dataset. International Journal of Climatology, 34, 623-642. 548 

https://doi.org/10.1002/joc.3711|  549 

Herrero, M., Thornton, P.K., Notenbaert, A.M., Wood, S., Msangi, S., Freeman, H.A., Bossio, D., Dixon, J., 550 

Peters, M., Steeg, J.V.D., Lynam, J., Rao, P.P., Macmillan, S., Gerards, B., MCdermott, J., Sere, C., 551 

Rosegrant, M. (2010). Smart investments in sustainable food production: revisiting mixed crop-552 

livestock systems. Science, 327, 822-825. doi: 10.1126/science.1183725. 553 

Heuzé V., Thiollet H., Tran G., Edouard N., Lebas F., 2019. African locust bean (Parkia biglobosa & Parkia 554 

filicoidea). Feedipedia, a programme by INRA, CIRAD, AFZ and FAO. https://feedipedia.org/node/268 555 

Last updated on March 21, 2019, 10:22.  556 

Heuzé V., Tran G., Hassoun P., Renaudeau D., Bastianelli D., 2015. Velvet bean (Mucuna pruriens). Feedipedia, 557 

a programme by INRA, CIRAD, AFZ and FAO. https://feedipedia.org/node/270 Last updated on 558 

October 13, 2015, 13:42. 559 

Hopkins, H., White, F. (1984). The Ecology and Chorology of Parkia in Africa. Bulletin du Jardin botanique 560 

national de Belgique, 54, 235-266. doi: 10.2307/3667874   561 

Imhoff, M.L., Bounoua, L., Ricketts, T., Loucks, C., Harriss, R., Lawrence, W.T. (2004). HANPP Collection: 562 

Global Patterns in Net Primary Productivity (NPP). Palisades, NY: NASA Socioeconomic Data and 563 

Applications Center (SEDAC). https://doi.org/10.7927/H40Z715X. 564 

Jalloh, A., Nelson, G.C., Thomas, T.S., Zougmoré, R., Roy-Macauley H. (2013). West African agriculture and 565 

climate change: A comprehensive analysis. International Food Policy Research Institute (IFPRI). 566 

Johnson, K., Brown, M.E. (2014). Environmental risk factors and child nutritional status and survival in a 567 

context of climate variability and change. Applied Geograpghy, 54, 209-221. 568 

http://dx.doi.org/10.1016/j.apgeog.2014.08.007  569 

Kater, L., Kante, S. Budelman, A. (1992). Karité (Vitellaria paradoxa) and néré (Parkia biglobosa) associated 570 

with crops in South Mali. Agroforestry Systems, 18, 89-105. https://doi.org/10.1007/BF00115407 571 

Lahmar, R., Bationo, B., Dan Lamso, N., Guéro, Y. Tittonell, P. (2012). Tailoring conservation agriculture 572 

technologies to West Africa semi-arid zones: Building on traditional local practices for soil restoration. 573 

Field Crops Research, 132, 158-167. https://doi.org/10.1016/j.fcr.2011.09.013 574 

Lipper, L., Thornton, P., Campbell, B.M., Baedeker, T., Braimoh, A., Bwalya, M., Caron, P., Cattaneo, A., 575 

Garrity, D., Henry, K., Hottle, R., Jackson, L., Jarvis, A., Kossam, F., Mann,W., McCarthy, N., 576 

Meybeck, A., Neufeldt, H., Remington, T., Sen, P.T., Sessa, R., Shula, R., Tibu, A, Torquebiau, E.F. 577 



22 

 

(2015). Climate-Smart Agriculture for food security. Nature Climate Change, 4, 1068-1072. 578 

https://doi.org/10.1038/nclimate2437 579 

Mando, A., Stroosnijder, L. (1999). The biological and physical role of mulch in the rehabilitation of crusted soil 580 

in the Sahel. Soil Use and Management, 15, 123-127. 581 

Masikati, P., Manschadi, A., van Rooyen, A., Hargreaves J. (2014). Maize–mucuna rotation: An alternative 582 

technology to improve water productivity in smallholder farming systems. Agricultural Systems, 123, 583 

62-70. https://doi.org/10.1016/j.agsy.2013.09.003 584 

Mathew, I., Shimelis, H., Mutema, M., Chaplot, V. (2017). What crop type for atmospheric carbon sequestration: 585 

Results from a global data analysis. Agriculture, Ecosystems and Environment, 243, 34-46. 586 

http://dx.doi.org/10.1016/j.agee.2017.04.008 587 

Ministère de L'Agriculture, des Ressources Hydrauliques, de l'Assainissement et de la Sécurité Alimentaire 588 

(2018). Fiche Technique du Mucuna. Bobo-Dioulasso. 589 

Müller, C. (2013). African lessons on climate change risks for agriculture. Annual Review of Nutrition, 33, 395-590 

411. https://doi.org/10.1146/annurev-nutr-071812-161121 591 

Mulumba, L., Lal, R. (2008). Mulching effects on selected soil physical properties. Soil and Tillage Research, 592 

98, 106-111. https://doi.org/10.1016/j.still.2007.10.011 593 

Mwongera, C., Shikuku, K.M., Winowiecki, L., Twyman, J., Läderach, P., Ampaire, E., van Asten, P, 594 

Twomlow, S. (2017). Climate-smart agriculture rapid appraisal (CSA-RA): A tool for prioritizing 595 

context-specific climate smart agriculture technologies. Agricultural Systems, 151, 192-203. 596 

http://dx.doi.org/10.1016/j.agsy.2016.05.009 597 

Notenbaert, A., Pfeifer, C., Silvestri, S., Herrero, M. (2017). Targeting, out-scaling and prioritising climate-smart 598 

interventions in agricultural systems: Lessons from applying a generic framework to the livestock sector 599 

in sub-Saharan Africa. Agricultural Systems, 151, 153-162. https://doi.org/10.1016/j.agsy.2016.05.017 600 

Notenbaert, A., Herrero, M., De Groote, H., You, L., Gonzalez-Estrada, E., Blummel, M. (2013). Identifying 601 

recommendation domains for targeting dual-purpose maize-based interventions in crop-livestock 602 

systems in East Africa. Land Use Policy, 30, 834-846. https://doi.org/10.1016/j.landusepol.2012.06.016 603 

Nziguheba, G., Palm, C.A., Berhe, T., Denning, G., Dicko, A., Diouf, O., Diru, W., Flor, R., Frimpong, F., 604 

Harawa, R., Kaya, B., Manumbu, E., Mcarthur, J., Mutuo, P., Ndiaye, M., Niang, A., Nkhoma, P., 605 

Nyadzi, G., Sachs, J., Sullivan, C., Teklu, G., Tobe, L., Sanchez, P.A. (2010). The African Green 606 

Revolution: Results from the Millennium Villages Project. Advances in. Agronomy, 109, 75-115. 607 

Onyibe, J., Kamara, A., Omoigui, L. (2006). Guide to Cowpea Production in Borno State, Nigeria: Promoting 608 

Sustainable Agriculture in Borno State (PROSAB). International Institute of Tropical Agriculture. 609 

Orwa, C., Mutua, A., Kindt, R., Jamnadass, R., Anthony, S. (2009). Agroforestree Database: A tree reference 610 

and selection guide, Version 4.0, Kenya. 611 



23 

 

Partey, S.T., Zougmoré, R.B., Ouédraogo, M., Campbell, B.M. (2018). Developing climate-smart agriculture to 612 

face climate variability in West Africa: Challenges and lessons learnt. Journal of Cleaner Production, 613 

187, 285-295. https://doi.org/10.1016/j.jclepro.2018.03.199 614 

Pender, J., Jagger, P., Nkonya, E., Sserunkuuma, D. (2004). Development pathways and land management in 615 

Uganda. World Development, 32: 767-792. https://doi.org/10.1016/j.worlddev.2003.11.003 616 

Pimbert, M. (2015). Agroecology as an alternative vision to conventional development and climate-smart 617 

agriculture. Development, 58, 286-298. https://doi.org/10.1057/s41301-016-0013-5. 618 

Pugalenthi, M., Vadivel, V., Siddhuraju, P. (2005). Alternative food/feed perspectives of an underutilized 619 

legume Mucuna pruriens var. Utilis—A review. Plant Foods for Human Nutrition, 60, 201-218. 620 

10.1007/s11130-005-8620-4  621 

Ranaivoson, L., Naudin, K., Ripoche, A., Affholder, F., Rabeharisoa, L., Corbeels, M. (2017). Agro-ecological 622 

functions of crop residues under conservation agriculture. A review. Agronomy for Sustainable 623 

Development, 37, 26. https://doi.org/10.1007/s13593-017-0432-z 624 

Raseduzzaman, M., Jensen, E.S. (2017). Does intercropping enhance yield stability in arable crop production? A 625 

meta-analysis. European Journal of Agronomy, 91, 25-33. https://doi.org/10.1016/j.eja.2017.09.009 626 

Ribier, V., Gabas, J.J. 2016. Vers une accentuation des disparités dans le financement de l’agriculture en Afrique 627 

de l’Ouest ? Cahiers Agricultures, 25, 65007.  https://doi.org/10.1051/cagri/2016045  628 

Rippke, U., Ramirez-Villegas, J., Jarvis, A., Vermeulen, S.J., Parker, L., Mer, F., Diekkrüger, B., Challinor, A.J., 629 

Howden, M. (2016). Timescales of transformational climate change adaptation in sub-Saharan African 630 

agriculture. Nature Climate Change, 6, 605-609. http://dx.doi.org/10.1038/nclimate2947. 631 

Robinson, T.P., Wint, G.R.W., Conchedda, G., Van Boeckel, T.P., Ercoli, V., Palamara, E., Cinardi, G., 632 

D’Aietti, L., Hay, S.I., Gilbert, M. (2014) Mapping the global distribution of livestock. PLoS ONE, 633 

9(5), e96084. https://doi.org/10.1371/journal.pone.0096084 634 

 Rodriguez, D., de Voil, P., Rufino, M., Odendo, M., van Wijk, M. (2017). To mulch or to munch? Big 635 

modelling of big data. Agricultural Systems, 153, 32-42. https://doi.org/10.1016/j.agsy.2017.01.010 636 

Rusinamhodzi, L., Corbeels, M., Nyamangara, J., Giller, K.E. (2012). Maize–grain legume intercropping is an 637 

attractive option for ecological intensification that reduces climatic risk for smallholder farmers in 638 

central Mozambique. Field Crops Research, 136, 12-22. https://doi.org/10.1016/j.fcr.2012.07.014 639 

Rusinamhodzi, L., Corbeels, M., van Wijk, M.T., Rufino, M.C., Nyamangara, J., Giller, K.E. (2011). A meta-640 

analysis of long-term effects of conservation agriculture on maize grain yield under rain-fed conditions. 641 

Agronomy for Sustainable Development, 31, 657. https://doi.org/10.1007/s13593-011-0040-2 642 

Saj, S., Torquebiau, E., Hainzelin, E., Pagès, J., Maraux, F. (2017). The way forward: An agroecological 643 

perspective for Climate-Smart Agriculture. Agriculture, Ecosystems and Environment, 250, 20-644 

24. http://dx.doi.org/10.1016/j.agee.2017.09.003 645 



24 

 

Salvatore, M., Pozzi, F., Ataman, E., Huddleston, B., Boise, M. (2005). Mapping global urban and rural 646 

population distributions. Environmental and Natural Resources Working Paper No. 24. FAO, Rome.  647 

Shen, Y., Sui, P., Huang, J., Wang, D., Whalen, J.K., Chen, Y. (2018). Greenhouse gas emissions from soil 648 

under maize–soybean intercrop in the North China Plain. Nutrient Cycling in Agroecosystems, 110, 649 

451-465. https://doi.org/10.1007/s10705-018-9908-8 650 

Singh, B., Singh, S., Jackai, L., Shoyinka, S. (1985). General Guide for Cowpea Cultivation and Seed 651 

Production. International Institute of Tropical Agriculture. 652 

Tesfaye, K., Jaleta, M., Jena, P., Mutenje, M. (2015). Identifying potential recommendation domains for 653 

conservation agriculture in Ethiopia, Kenya, and Malawi. Environmental Management, 55, 330-346. 654 

https://doi.org/10.1007/s00267-014-0386-8 655 

Thornton, P.K., Whitbread, A., Baedeker, T., Cairns, J., Claessens, L., Baethgen, W., Bunn, C., Friedmann, M., 656 

Giller, K.E., Herrero, M., Howden, M., Kilcline, K., Nangia, V., Ramirez-Villegas, J., Kumar, S., West, 657 

P.C., Keating, B. (2018). A framework for priority-setting in climate smart agriculture research. 658 

Agricultural Systems, 167, 161-175. https://doi.org/10.1016/j.agsy.2018.09.009 659 

Tongwane, M. I., Mokhele E. M. (2018) A review of greenhouse gas emissions from the agriculture sector in 660 

Africa. Agricultural systems, 166, 124-134. https://doi.org/10.1016/j.agsy.2018.08.011 661 

Torquebiau, E., Rosenzweig, C., Chatrchyan, A. M., Andrieu, N., Khosla, R. (2018). Identifying Climate-smart 662 

agriculture research needs. Cahiers Agricultures, 27, e26001 (7 p.) 663 

https://doi.org/10.1051/cagri/2018010 664 

Vall, E., Dugue, P., Blanchard, M. (2006). Le tissage des relations agriculture-élevage au fil du coton. Cahiers 665 

Agricultures, 15, 72-79. 666 

Van Rijn, F., Bulte, E., Adekunle, A. (2012). Social capital and agricultural innovation in sub-Saharan Africa. 667 

Agricultural Systems, 108, 112-122. DOI: 10.1016/j.agsy.2011.12.003 668 

Vayssières, J., Birnholz, C., Hutchings, N.J., Lecomte, P. (2016). Ex-ante farm-scale analysis of the impacts of 669 

livestock intensification on greenhouse gas emissions of mixed crop-livestock systems in western 670 

Africa. In: 6th Greenhouse Gas and Animal Agriculture International Conference (GGAA2016), 671 

Melbourne, Australia, 14-18 February, 1 p. 672 

Waongo, M., Laux, P., Kunstmann, H., 2015. Adaptation to climate change: the impacts of optimized planting 673 

dates on attainable maize yields under rainfed conditions in Burkina Faso. Agricultral and Forest 674 

Meteorology, 205, 23-39. http://dx.doi.org/10.1016/j.agrformet.2015.02.006.  675 

Wieder, W.R., Boehnert, J., Bonan, G.B., Langseth, M. (2014). Regridded Harmonized World Soil Database 676 

v1.2. Data set. Available on-line [http://daac.ornl.gov] from Oak Ridge National Laboratory Distributed 677 

Active Archive Center, Oak Ridge, Tennessee, USA. http://dx.doi.org/10.3334/ORNLDAAC/1247.  678 



25 

 

World Bank Group. 2019. Cote d’Ivoire Climate-Smart Agriculture Investment Plan. World Bank, Washington, 679 

DC. © World Bank. https://openknowledge.worldbank.org/handle/10986/32745 License: CC BY 3.0 680 

IGO. 681 

Zougmoré, R.B., Partey, S.T., Ouédraogo, M., Torquebiau, E., Campbell, B.M., 2018. Facing climate variability 682 

in sub-Saharan Africa: analysis of climate-smart agriculture opportunities to manage climate-related 683 

risks Cahiers Agricultures, 27, 34001. https://doi.org/10.1051/cagri/2018019 684 

 685 

686 



26 

 

Figure 1: Decision tree for classifying national policy documents as unfavorable, intermediate, or 687 

favorable to a given CSA practice in West Africa. 688 

 689 

Figure 2: Mapping of the feasibility of cereal-legume intercropping (maize or sorghum with cowpea) (A), 690 

fodder legume (mucuna) cultivation (B), FMNR of Parkia biglobosa (C), and crop residue mulching (D) 691 

according to biophysical and socio-technical variables. Variables and their threshold values for 692 

classification are detailed in Table 2.  693 

Figure 3: Mapping of feasibility of intercropping maize with cowpea in Senegal according to biophysical 694 

and socio-technical variables. Variables and their threshold for classification are detailed in Table 2.  695 

Figure 4: Mapping of the feasibility of cereal-legume intercropping (A), fodder legume cultivation 696 

(mucuna) (B), FMNR of Parkia biglobosa (C), and crop residue mulching (D) according to institutional 697 

variables derived from the analysis of national investment plans, adaptation plans to climate change, 698 

nationally determined contributions, and Technology Needs Assessments project reports (see Tables 2, 3, 699 

4, and 5 and Figure 1 for a description of the method). 700 

 701 
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Table 1: Variables considered for the biophysical and socio-technical mapping of zones favorable for four CSA practices in West Africa. 702 

 Cereal-legume 

intercropping 

(maize or 
sorghum with 

cowpea) 

Fodder legume 

(mucuna) 

cultivation 

FMNR of Parkia 

biglobosa  
Crop 

residues 

mulching 

Data sources 

Biophysical variables      
Rainfall x x x x https://crudata.uea.ac.uk/cru/data/hrg/ 

 CRU TS v 4.01 Gridded dataset; Harris et al. (2014); Date: 1990-2016; Resolution: 
0.5° 

Temperature  x   http://worldclim.org/version2 
WorldClim V2 Minimum Temperature; Fick and Hijmans (2017); Date: 1970-2000; 

Resolution: 5 minutes 
pH  x   https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=1247 

Regridded Harmonized World Soil Database v 1.2; Wieder et al. (2014); Resolution: 
5 km 

Soil depth x x x  http://ref.data.fao.org/map?entryId=c3bfc940-bdc3-11db-a0f6-

000d939bc5d8&tab=metadata__Effective Soil Depth; FAO-UNESCO Soil Map of 
the World (2007); Resolution: 5*5 arc minutes 

Soil drainage x x x  http://www.fao.org/geonetwork/srv/en/metadata.show?id=30558 
Soil Drainage Classes; FAO-UNESCO Soil Map of the World (2007); Resolution: 

5*5 arc minutes 
Land cover x x   http://glcf.umd.edu/data/lc/  

MODIS Land Cover; Channan et al. (2014); Date: 2001-2012; Resolution:  
5’x5’ 

Biomass productivity    x http://sedac.ciesin.columbia.edu/data/set/hanpp-net-primary-productivity/data-
download 

Global Patterns in Net Primary Productivity, v1; Imhoff et al. (2004); Date: 1995; 
Resolution: 0.25° 

Socio-technical variables      
Protected area   x  http://gaez.fao.org/Main.html?ticket=ST-961368-3w99FHqLbEd5dBbNdVcj-cas# 

Protected Area Types; FAO and IIASA (2012); Resolution: 0.083333° 
Population density x  x x http://www.fao.org/geonetwork/srv/en/main.home#population 

Rural Population Density 2000; Salvatore et al. (2005); Date: 2000; Resolution: 5*5 
arc minutes 

 
Livestock density x x x x http://www.fao.org/geonetwork/srv/en/metadata.show?id=47949&currTab=simple 

Cattle Distribution – Gridded Livestock of the World v 2.01; Robinson et al. (2014); 
Date: 2014; Resolution: 0.008333°  
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Table 2: List of variables and their levers and locks with associated thresholds for the definition of favorable zones for four CSA practices in West Africa. Category 703 
thresholds: 1 = unfavorable1, 2 = intermediate, and 3 = favorable.  704 

 Cereal-legume intercropping Fodder legume (mucuna) cultivation  FMNR of Parkia biglobosa  Crop residue mulching   

Variable  Levers/locks 
Category 
thresholds 

Levers/locks 
Category 
thresholds 

Levers/locks 
Category 
thresholds 

Levers/locks Category thresholds 

Rainfall 

Maize requires a minimum of 700 
mm/year to be productive without 

irrigation  
 

1: 1200-1500 
2: 700-800 

3: 800-1200 
mm/year 

Mucuna tolerates rainfall 
between 650 and 2500 mm 

but optimal growth is 
obtained between 1000 and 

2000 mm. 
Heuzé et al. (2015) 

 

1: 650-1000 
2: 2000-

2500  
3: 1000-

2000 
mm/year 

The tree is distributed over a 
wide range of rainfall zones 
but thrives between 400 and 

800 mm/year. 
Orwa et al. (2009), Ecocrop 

(2010),  
Heuzé et al. (2019) 

Booth and Wickens (1988) 

1:<300 
mm/year 

2: 300-400 and 
>800 

3: 400-800 
mm/year 

In the Sahel (low rainfall area), the 
rate of soil 

degradation is very high. Mulching is 
thus to be 

favored in those areas where the soil 
is very 

degraded. 
Mando andt Stroosnijder 

(1999) 

1: >1500  
2: 600-1500 

3: Sahelian zones (200-
600 mm/year) 

 
 

Sorghum requires rainfall between 
400 and 800 mm/year, and 

sorghum is mainly planted when 
rainfall does not permit a maize 

crop 
Assefa et al. (2010).  

Du Plessis (1998). Department of 
Agriculture, Forestry and Fisheries 

(2010).  

1: 400-450 
2: 700-800 
3: 450-700 
mm/year 

Cowpea tolerates rainfall between 
300 and 1500 mm/year and 

performs best between 500 and 
1200 mm/year. Dugje et al. (2014) 

 

See maize and 
sorghum 

(thresholds for 
maize and sorghum 

take into account 
cowpea suitability 

limits) 

Temper
ature 

  

Minimum temperature 
should not fall below 10 °C. 

Ecocrop (2010) 

 2: tmin 10-
15 °C  

3: >15 °C 

    

Land 
cover 

Agricultural land, grasslands, 
shrublands, and areas with mixed 

cover are favored. 
  

3: Agricultural 
land, grasslands, 
shrublands, and 

areas with mixed 
cover. 

Excluded: flooded 
areas, built-

up/urban areas, and 
forests. 

      

pH   

Optimal soil pH for mucuna 
is between 5 and 7. 

Ministère de L'Agriculture, 
des Ressources 

Hydrauliques, de 
l'Assainissement et de la 

Sécurité Alimentaire (2018). 

2: 4-5 and 7-
8 

3: 5-7 
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Soil 
drainage 

Cowpea does not tolerate 
waterlogging  

FAO (2006), Gomez (2004), 
Singh et al. (1985)  

1: excessively and 
imperfectly drained  

2: extremely and 
moderately well 

drained 
3: well drained  

 

Mucuna thrives best in well-
drained soils. 

Aklamavo and Mensah 
(1997). 

 Parkia biglobosa prefers to 
grow in well-drained soils.  

Ecocrop (2010) 

1. excessively 
and 

imperfectly 
drained 

2. C extremely 
and moderately 

well drained 
3. well drained 

  

Soil 
depth 

Cereal and legume cultivation is 
less susceptible to drought stress in 

deep soils.  Ecocrop (2010. 

1: 10-50  
2: 50-100  

3: above 100 cm 

Mucuna prefers soil with a 
depth of more than 50 cm 

 

1: 10-50 
2: 50-100 

3: 100-150 
cm 

This tree prefers deep soils 
(more than 150 cm deep) 

but is sometimes found on 
shallow soils. 

Orwa et al. (2009), Ecocrop 
(2010) 

1: 0-50 
2: 50-150 

3: >150 cm 

  

Biomass 
producti

vity 
  

    Mulching requires a minimum 
amount of crop residues (Ranaivoson 
et al., 2017; Lahmar et al., 2012) and 

therefore biomass productivity 
thresholds (net primary productivity, 

expressed in carbon) allowing 
sufficient biomass production were 

determined. 

1: 0.25-0.5  
2: 0.5–1  

3: >1 t/ha of residues                               

Rural 
populati

on 
density 

High rural population density spurs 
intensification and thus encourages 

intercropping. Intermediate 
population densities tend to favor 

sole cropping. 
Falconnier et al. (2018) 

 2: 15-80  
3: More than 80 
and less than 15 

people/km2 

  Human over-exploitation of 
land endangers existing 

trees and does not allow the 
planting of new trees. 

Gaisberger et al. (2017) 

1: 0-10 
2: 30-100 
3: 10-30 

people/km2 

Crop residues are also used as fuel, 
for construction, for medicinal 

purposes, etc. It therefore will be 
difficult to keep enough residues for 
mulch in areas where the population 

density is very high. 
Mulumba and Lal (2008) 

1: >80 
2: 15-80  

3: More than 80 and 
less than 15 people/km2 

Livestoc
k 

density 

Livestock allow the valorization of 
crop residues, but an overly high 

density of animals would also 
endanger the crops. 

Onyibe et al. (2006),  
 Ajeigbe et al. (2010).  

2: less than 15 or 
more than 40                              

3: 15-40 
animals/km2 

Livestock facilitate 
valorization and integration 

into the fodder market. 
Above a certain threshold, it 

is difficult to maintain 
livestock in the territory 

without endangering crop 
production. 

Dumas (personal 
communication)  

2: <15 and 
>40 

3: 15-40 
animals/km2 

High livestock density 
allows market integration of 

Parkia biglobosa feed 
products (leaves, pods, 
branches, etc.). Overly 

intense grazing hinders the 
natural regeneration of the 

trees. 
Hopkins and White, (1984), 

Orwa et al. (2009), 
Gaisberger et al. (2017) 

1. 0-10  

3. 10-50 
2. >50 

animals/km2 

As crop residues are also used to 
feed livestock, mulching will be 

easier to implement in areas where 
the livestock density is not too high. 

Moreover, crop residues are 
threatened by rights of commonage 

in areas where livestock are 
numerous. 

Rodriguez et al. (2017), 
Bationo and Mokwunye (1991), 

Lahmar et al. (2012) 

1: >40  

2: 15-40 
3: <15 animals/km2 

 
 

Protecte
d areas 

  

  In protected areas, 
agricultural activities are not 

allowed and Parkia 

biglobosa cannot be 
exploited. 

   

1Thresholds for 1 (unfavorable) does not apply when the conditions are not found across West Africa  705 

  706 
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Table 3: Classification of five policy documents as favorable (3), intermediate (2), or unfavorable (1) for the support of cereal-legume intercropping in Mali, Côte 708 

d’Ivoire, Burkina Faso, and Senegal (see Figure 1 for a detailed description of the decision tree for the choice of the category). 709 

Policy document Mali Côte d'Ivoire Burkina Faso Senegal 

National investment plan in the 
agricultural sector1 

Information  
Crop and soil management 
mentioned but no specific 

information 

Promotion of organic 
amendment, legume cover-crop 
techniques, production and free 

distribution of legume seeds 
mentioned. No conflicting 

practice mentioned but cereal-
legume intercropping not 
specifically mentioned. 

Large-scale use of manure 
combined with mineral 
fertilizers highlighted. 

Intercropping not specifically 
mentioned. 

Sustainable soil management techniques (soil 
restoration, compost production) mentioned. 

Increased capacity of chemical industries of Senegal 
(ICS) and Matam plant to improve fertilizer 

availability for farmers mentioned. 

Category Document not considered Intermediate Unfavorable Unfavorable 

National Action Programme for 
Climate Change Adaptation (2007) 

Information  
No specific information on crop 
and soil management, manure 

mentioned 
* 

Intercropping presented as an 
“endogenous” practice that 

should be substituted by new 
technologies. * 

Category  Unfavorable * Unfavorable * 

Nationally determined contribution 
(2015) 

Information  

Manure production, micro-
fertilizer, and system of rice 

intensification (SRI) mentioned 
– no mention of intercropping 

Organic fertilizers, household 
waste composting, and crop-

livestock integration mentioned. 
Cereal-legume intercropping not 

explicitly mentioned. 

Use of biodigesters for soil 
fertility management and 
creation of forests for soil 
conservation mentioned. 

Intercropping not specifically 
mentioned. 

Manure management, rice cultivation, organic 
fertilizers, forest lands, and plantations mentioned. 

Intercropping not specifically mentioned. 

Category Unfavorable Unfavorable Unfavorable Unfavorable 

Technology Needs Assessments and 
implement Technology Action 
Plans- Adaptation (2012) 

Information  

Intercropping highlighted for 
maintenance of land cover and 

soil water conservation. 
Cowpea-maize intercropping 

specifically mentioned.  

Maximizing soil nitrogen 
enrichment with legumes 
(inoculation of soybean, 

groundnut, and cowpea seeds, 
burying postharvest biomass) 
mentioned. Intercropping not 

specifically mentioned.  * 

Conservation agriculture (direct planting through 
mulch or legume cover crops) and other soil 

restoration options (Zaï, assisted natural 
regeneration, biochar, deep placement of urea in rice 

systems) mentioned. Cereal-legume intercropping 
not specifically mentioned. 

Category Favorable Intermediate * Unfavorable 

Technology Needs Assessments and 
implement Technology Action 
Plans- Mitigation 2 

Information  

Competing techniques 
mentioned: management of crop 

residues, use of compost and 
micro-dose fertilizers, fallow 

land, and system of rice 
intensification (SRI). 

Sludge use and compost for soil 
fertilization mentioned. 

Intercropping not specifically 
mentioned. 

* 

Diffusion of reasoned fertilization techniques, crop 
diversification, short-cycle and salt-tolerant varieties 
mentioned. Millet and short-cycle cowpea varieties 

mentioned as examples. Intercropping not 
specifically mentioned, but no competing practice 

mentioned. 

Category Unfavorable Unfavorable * Intermediate 
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1 2014 for Mali and Burkina Faso, 2015-2017 for Côte d'Ivoire, 2011-2015 for Senegal 
2 2006 for Senegal 

* document not accessible/not analyzed 
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Table 4: Classification of four policy documents as favorable (3), intermediate (2), or unfavorable (1) for the support of fodder legume (mucuna) cultivation in Mali, 710 

Côte d’Ivoire, Burkina Faso, and Senegal (see Figure 1 for a detailed description of the decision tree for the choice of the final category). 711 

Policy document Mali Côte d'Ivoire Burkina Faso Senegal 

National investment plan in the 
agricultural sector1 

Information  

Favorable to fodder production without 
explicit mention of the type of fodder. 

Construction and support of livestock feed 
production unit, support for fodder seed 

producers.  

Support for the production of fodder 
and fodder seeds mentioned. Fodder 
legumes not specifically mentioned; 
legumes mentioned in other parts of 

the document. 

Transhumant pastoral systems 
highlighted. Livestock feed not 

mentioned. 

Support for livestock feeding 
mentioned without specific mention of 

fodder legumes.  

Category Intermediate Intermediate Unfavorable Intermediate 

National Action Programme for 
Climate Change Adaptation (2007) 

Information  

Forage crop (cowpea, pigeon pea) 
development project in the Niger Inner 

Delta: collection and production of seeds, 
dissemination of cultivation techniques 

and conservation methods.  * 

Use of crop residues and fodder 
crops for animal feeding 

mentioned. Fodder legumes not 
explicitly mentioned. Dual-purpose 

crops and fallows as fodder 
mentioned.   * 

Category  Favorable * Intermediate * 

Nationally determined contribution 
(2015) 

Information  Livestock not mentioned. 

Support for production of fodder 
and fodder seeds mentioned. Fodder 
legumes not specifically mentioned; 
legumes mentioned in other parts of 

the document. 

Conservation of coarse fodder, hay, 
and crop residues. Fodder legumes 

not specifically mentioned.  

Development of pastoral units and 
pastoral insurance, improvement of 
livestock genetics, production, and 

health mentioned. Fodder legumes not 
specifically mentioned.  

Category Document not considered Intermediate Unfavorable Unfavorable 

Technology Needs Assessments and 
implement Technology Action 
Plans- Adaptation (2012) 

Information  

Livestock associated with the 
improvement of fodder crops. A specific 
project targets leguminous fodder plants 

(bourgou, cowpea, and stylosanthes). 
Mucuna not explicitly mentioned in the 

project document – no competing practice 
mentionned. 

Livestock not mentioned. 

* 

Constitution and conservation of 
fodder stocks mentioned. Fodder 

legumes not specifically mentioned.  

Category Favorable Document not considered * Intermediate 

Technology Needs Assessments and 
implement Technology Action 
Plans- Mitigation 2 

Information  

Livestock mitigation management for 
livestock identified: animal waste 

management and improved parks. No 
specific mention of fodder cultivation. 

Livestock not mentioned. 

* 

Extensive livestock and scarcity of 
fodder and water resources mentioned. 
Cattle feeding strategy not mentioned. 

Category Unfavorable Document not considered * Unfavorable 

1 2014 for Mali and Burkina Faso, 2015-2017 for Côte d'Ivoire, 2011-2015 for Senegal 

2 2006 for Senegal 

* document not accessible/not analyzed 
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Table 5: Classification of three policy documents as favorable (3), intermediate (2), or unfavorable (1) for the support of FMNR of Parkia biglobosa in Mali, Côte 712 

d’Ivoire, Burkina Faso, and Senegal (see Figure 1 for a detailed description of the decision tree for the choice of the final category).  713 

Policy document Mali Côte d'Ivoire BurkinaFaso Senegal 

National investment plan in the 
agricultural sector1 

Information  
Explicit mention of agroforestry in 

general. Additional focus on trees with 
greater added value such as shea. 

General promotion of reforestation 
and raising awareness among 

communities about agroforestry 
mentioned. 

Improved coordination of official support 
to the agro-silvo-pastoral sector 

mentioned. Non-woody forest products 
mentioned. Agroforestry practice and 

diverse tree products highlighted. Parkia 

biglobosa not specifically mentioned. 

Dissemination of agroforestry techniques, extension 
of community woods, and prevention of bush fires 

and valuation of non-timber forest products 
mentioned. 

Category Intermediate Favorable Favorable Favorable 

National Action Programme for 
Climate Change Adaptation 
(2007) 

Information  

Agroforestry mentioned in a project to 
raise awareness and organize populations 

for the preservation of local natural 
resources. Parkia biglobosa not 

specifically mentioned. 
* 

Fighting against bushfire and anarchical 
forest clearing mentioned as a national 

forest policy. Growing of medicinal 
species, orchards installation, and 

agroforestry to produce fodder 
mentioned. Parkia biglobosa not 

specifically mentioned. * 

Category  Favorable * Favorable * 

Nationally determined 
contribution (2015) 

Information  
Forestry and agroforestry with 

reforestation and energy uses (Jatropha 
and other trees) mentioned.  

Improvement of silvicultural species, 
agroforestry promotion, and degraded 

lands restoration mentioned.  

Implementation of good forestry and 
agroforestry techniques (selective cutting 
of firewood, assisted natural regeneration, 
controlled clearing) explicitly mentioned. 

Forest lands and plantations, reforestation, and 
forest management mentioned. Parkia biglobosa 

not specifically mentioned. 

Category Favorable Favorable Favorable Intermediate 

Technology Needs Assessments 
and implement Technology 
Action Plans- Adaptation (2012) 

Information  

Agroforestry and plantation techniques 
highlighted. Importance of forests 

mentioned and list of products similar to 
those of Parkia biglobosa. Parkia 

biglobosa not explicitly mentioned.  

Reforestation of 500-ha teak 
plantation intercropped with legume 
and subsistence crops mentionned 

(i.e., a technique similar to FMNR of 
Parkia biglobosa ). 

* 

Assisted natural regeneration, agroforestry, and 
provision of multiple products (fodder, fruits, 
lumber, firewood, medicinal products, and by-

products such as gum) mentioned. Conservation 
techniques of endemic trees by local populations 

also mentioned (not specifically Parkia biglobosa). 

Category Favorable Intermediate * Favorable 

Technology Needs Assessments 
and implement Technology 
Action Plans- Mitigation 2 

Information  

Reforestation and agroforestry activities, 
sale of carbon credit, and sustainable 

management for energy use highlighted. 
Parkia biglobosa not specifically 

mentioned.  

Reduction of deforestation with 
production of briquettes from 
agricultural and forestry waste 
mentioned. Reforestation or 

promotion of agroforestry not 
specifically mentioned. * 

Enclosure of community forest, forage enrichment 
tests, and reforestation with adapted species 

mentioned.  

Category Favorable Unfavorable * Favorable 

1 2014 for Mali and Burkina Faso, 2015-2017 for Côte d'Ivoire, 2011-2015 for Senegal 
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2 2006 for Senegal 

* document not accessible/not analyzed 
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Table 6: Classification of five policy documents as favorable (3), intermediate (2), or unfavorable (1) for the support of crop residue mulching (see Figure 1 for a 714 

detailed description of the decision tree for the choice of the final category). 715 

Policy document Mali Côte d'Ivoire Burkina Faso Crop residue mulching  

National investment plan in 
the agricultural sector1 

Information  

Water management mentioned, with 
local irrigation schemes (lowlands, small 
dams, and market gardening schemes), 

development of pastoral hydraulics, 
water reservoirs with boreholes creation. 

General objectives mentioned for water and soil 
management. Crop residue mulching not 

specifically mentioned.  

Water management through management of 
banks, irrigation, drinking water, and lowlands 

mentioned. Crop residue mulching not 
specifically mentioned.  

"Water Control" program including 
interventions around hydraulics (transfers, 
retention ponds, drip irrigation, boreholes) 

mentioned. Crop residue mulching not 
specifically mentioned.   

Category Unfavorable Document not considered Unfavorable Unfavorable 

National Action Programme 
for Climate Change 
Adaptation (2007) 

Information  

Water management mentioned, with 
small irrigation, dams, ponds, and forage 

creation. Energy potential of straw 
highlighted. 

* 

Crop residue mulching presented as an 
“endogenous” practice (such as anti-erosive 

bunds, improved Zaï, half-moon, grass strips, 
assisted natural regeneration, hedgerows ) that 

should be substituted by new technologies. * 

Category  Unfavorable * Unfavorable * 

Nationally determined 
contribution (2015) 

Information  
Rainwater harvesting and storing and use 

of energy biomass mentioned. 

Water management with strengthened watershed 
planning and coordination, development of 

agro-pastoral dams, development of new hydro-
agricultural sites and water reservoirs, 
improvement of irrigation efficiency, 

valorization of rainwater and floodwater 
mentionned. Use of agricultural residues for 

energy. 

Soil and water conservation techniques (stone 
barriers, dikes, semi-circular bunds, terraces, 
half-moons with manure, agroforestry, dune 
fixation, construction of water reservoirs and 
modern wells, high-volume drilling, dams, 

ponds, diversion of watercourses) mentioned.  
Crop residue mulching not specifically 

mentioned.  

Agricultural biomass for energy production 
mentioned. Crop residue mulching not 

specifically mentioned.   

Category Unfavorable Unfavorable Unfavorable Unfavorable 

Technology Needs 
Assessments and implement 
Technology Action Plans- 
Adaptation (2012) 

Information  

Water management highlighted, with 
small irrigation, dams, and cisterns. Soil 
management mentionned, zero-tillage 
with retention of residues on the soil 

highlighted.  

Water management with watershed planning 
and coordination for joint management of 

groundwater and surface water and improved 
irrigation efficiency mentioned. Burying of 

postharvest biomass mentioned. 
* 

Biochar, wastewater reuse, tanks, drip 
irrigation, desalination (but not for 

agriculture) mentioned. Crop residue 
mulching not specifically mentioned.   

Category Favorable Unfavorable * Unfavoable 

Technology Needs 
Assessments and implement 
Technology Action Plans- 
Mitigation (2012)2 

Information  Straw for energy production proposed. 
Use of agricultural residues for energy 

production mentioned. 

* 

Small-scale hydraulics (hillside reservoirs, 
retention ponds, anti-salt dikes, and 

groundwater recharge areas) mentioned. 
Mulching mentioned for the south of the 

country to fight against salinity. 

Category Unfavorable Unfavorable 
* 

Unfavorable  
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1 2014 for Mali and Burkina Faso, 2015-2017 for Côte d'Ivoire, 2011-2015 for Senegal 

2 2006 for Senegal 

* document not accessible/not analyzed 
 716 
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