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Abstract Agricultural practices have constantly changed

in West Africa, and understanding the factors that have

driven the changes may help guide strategies to promote

sustainable agriculture in the region. To contribute to such

efforts, this paper analyzes drivers of change in farming

practices in the region using data obtained from surveys of

700 farming households in five countries (Burkina Faso,

Ghana, Mali, Niger and Senegal). The results showed that

farmers have adopted various practices in response to the

challenges they have faced during the last decade. A series

of logit models showed that most changes farmers made to

their practices are undertaken for multiple reasons. Land

use and management changes including expanding farmed

areas and using mineral fertilization and manure are posi-

tively related to perceived changes in the climate, such as

more erratic rainfall. Planting new varieties, introducing

new crops, crop rotation, expanding farmed area and using

pesticides are positively associated with new market

opportunities. Farm practices that require relatively high

financial investment such as use of pesticides, drought-

tolerant varieties and improved seeds were positively

associated with the provision of technical and financial

support for farmers through development projects and
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policies. Changes in markets and climate are both helping

to promote needed changes in farming practices in West

Africa. Therefore, policies that foster the development of

markets for agricultural products, and improved weather-

and climate-related information linked to knowledge of

appropriate agricultural innovations in different environ-

ments are needed.

Keywords Farming practices � Adoption � Change
drivers � West Africa

Introduction

The agricultural sector in West Africa is faced with

numerous challenges. Declining soil fertility and land

degradation (Kamara et al. 2013), adverse climate change

manifestations (Jalloh et al. 2013), demographic pressure,

market instability (Soulé 2013) and incidence of crop pests

and diseases (Kamara et al. 2013) continue to constrain

efforts to improve crop productivity and food security for

smallholder farmers. These challenges are further exacer-

bated by inadequate policies and weak institutional

mechanisms (Soulé 2013; Kamara et al. 2013) that call for

pragmatic measures to salvage the deteriorating agricul-

tural sector.

In the quest to realize the full economic potential of

agriculture and mitigate both socioeconomic and environ-

mental challenges that threaten farmers, several adaptation

strategies have evolved over the years in the agricultural

sector at both the local and macroeconomic levels. These

adaptation strategies involve highly complex evolutionary

processes that are interactively influenced by climatic,

economic, technological, social and political pressures

which have effects that are difficult to isolate (Below et al.

2010; Smit and Skinner 2002). As noted by Below et al.

(2010), the dynamic nature of adaptation makes it difficult

to determine whether, for example, a farmer’s decision to

grow one crop variety instead of another is a coping

response to short-term drought (climatic variability) or a

planned adaptation to climate change (either an increase in

climatic variability or gradual long-term changes in cli-

matic parameters). Because adaptation decisions are com-

plex, we need to invest more in adoption studies to better

understand the role of environmental and socioeconomic

challenges in adaptation in agriculture. Historically, most

adaptation activities have been reactive, i.e., in response to

a shock (Zilberman et al. 2012). Understanding why

farmers implemented particular practices and how their

motivations can be used to encourage adoption of appro-

priate practices will be important for the development of

effective policies and programs for proactive adaptation.

In the literature, several studies have examined the dri-

vers of agricultural change (such as technology, climate

change, demography and energy transitions) at both the

macroeconomic and mega-economic levels (Hazell and

Wood 2007; Zondag and Borsboom 2009). In addition,

various studies have addressed socioeconomic and envi-

ronmental drivers of changes in farm practices at a

microeconomic level. These studies have highlighted the

effects of farm-specific characteristics, technology-specific

attributes and farmers’ socioeconomic characteristics

(Iglokwe 2001; Etoundi and Dia 2008) on farm practice

changes. Some studies have also explored adaptations

intended to cope with a specific challenge, such as climate

change (Kurukulasuriya and Mendelsohn 2008; Wang et al.

2010; Wood et al. 2014), land degradation (Barungi et al.

2013) and shifts in land use cover (Ebanyat et al. 2010).

However, most of these studies have focused on factors

that influenced the adoption of a single set of specific

agricultural technologies (or even a single agricultural

practice) without exploring the roles of multiple environ-

mental and socioeconomic challenges faced by farmers as

motivators and shapers of adaptive responses. It was,

therefore, the aim of this study to identify the major

changes in farm practices and analyze its key drivers in

Savannah West Africa.

Methods

Study area and data collection

The study was carried out at sites in five pilot countries in

West Africa: Senegal, Ghana, Burkina Faso, Niger and

Mali. Agriculture is the main economic activity in these

countries. The study sites are located in areas of the

Sahelian and Sudanian zones, characterized by two distinct

seasons with the rainy season lasting between 3 and

6 months (May/June–October/November). The annual

rainfall ranges from 400 to 1200 mm and decreases from

South to North. At each of these sites, agriculture is mainly

rain-fed and dominated by small-scale farmers. Diverse

crops are grown at these sites, but the major staple crops in

Burkina Faso, Mali, Niger and Senegal are sorghum, mil-

let, cowpea and groundnut, while in Ghana, it is domi-

nantly maize and yam.

The data were collected through household baseline

surveys of the Consultative Group on International Agri-

cultural Research (CGIAR) research program on Climate

Change, Agriculture and Food Security (CCAFS) in West

Africa (see www.ccafs.cgiar.org). The surveys applied here

8 Institut d’Economie Rurale (IER), Bamako, Mali

9 International Livestock Research Institute (ILRI), Nairobi,

Kenya
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were conducted in 2011 at five CCAFS West African sites:

Yatenga in Burkina Faso, Lawra–Jipara in Ghana, Segou in

Mali, Kollo in Niger and Kaffrine in Senegal. By ‘‘site,’’

we mean a rectangular block of land measuring approxi-

mately 30 by 30 km (10 by 10 km in Ghana). Some geo-

graphic, climatic and ecological characteristics of sites are

presented in the supplementary materials (Table SM1). A

more detailed description of these sites can be found at

https://ccafs.cgiar.org/regions/west-africa. These sites were

selected because they all represent areas with high eco-

nomic vulnerability to climate change, but cover wide

ranges of social, political and climatic contexts (Förch

et al. 2011). Once the blocks were chosen and mapped, all

villages within the block were enumerated. Seven villages

were randomly chosen within the block, and 20 households

within each village randomly selected from a complete list

of all households generated within the villages. A repre-

sentative randomly selected sample of 700 farm house-

holds (140 households per country) was interviewed in

2011. The random selection of villages and households

ensures the samples statistically represent the sites. The

purposeful selection of research sites, which is a standard

practice in most research of this type, means that sampling

principles cannot be used to demonstrate that results are

applicable beyond those sites. However, they were chosen

to be representative of the major farming systems and

agroecological zones found in the Savannah region of West

Africa. The same questionnaire (www.ccafs.cgiar.org/

resources/baseline-surveys) was administered to each

household head to collect information on household and

farm characteristics (demography, livelihoods, farm prac-

tices, farm assets, etc.). Concerning adaptation, respon-

dents were asked about changes they had made during the

last 10 years with respect to a wide range of practices,

related to crop type, variety type, land use and manage-

ment. They were also asked about reasons why they made

those changes and to which crop the changes were applied

to. All the survey team leaders and their teams received

comprehensive training together in order to enhance the

comparability of results across countries and sites. Because

this was a baseline survey implemented across a wide

range of locations and farming systems with an objective of

gathering relatively simple but comparable indicators, the

information gathered on any one complex topic, such as

adaptation, was not as in-depth as it would have been in

location-specific household surveys. Kristjanson et al.

(2011) provided more information on the survey and data

collection procedures adopted in this study.

Conceptual framework

This study was based on the concept of adaptation.

Adaptation is defined as the response of economic agents

and societies to major environmental changes (e.g., global

warming) and/or political and economic shocks (e.g.,

famine or war; Zilberman et al. 2012). It is an ‘‘adjustment

in natural or human systems to a new or changing envi-

ronment that exploits beneficial opportunities or moderates

negative effects’’ (National Research Council 2010). In the

context of human dimensions of global change, adaptation

usually refers to a process, action or outcome in a system

(household, community, sector, region, country) in order

for the system to better cope with, manage or adjust to

some changing condition, stress, hazard, risk or opportu-

nity (Smit and Wandel 2006).

This study focused on changes in farm practices that

may compliment efforts to cope with environmental and/or

socioeconomic challenges such as climate change (in-

cluding increases in climatic variability), shifts in market

opportunities, labor and land constraints and development

policies and projects. Adaptation includes selection among

discrete strategies such as adoption of technologies that

exist elsewhere, adoption of innovation (change that

potential adopter perceives to be new) and changes in input

use with traditional technologies. According to Zilberman

et al. (2012), an expanded definition of adaptation may

view adaptation as a multistage process, and the five stages

of innovation-decision process proposed by Rogers (1962)

can, with small tweaking, apply to adaptation. This

includes the stages of awareness (knowledge), interest

(persuasion), decision (evaluation), implementation (trials)

and finally confirmation (adaptation).

Changes in farm practices are regarded as adoption

which is defined as a change in practice or technology used

by economic agents or a community and has a long intel-

lectual history (Zilberman et al. 2012). The total number of

farm practice changes is used as a proxy of adaptiveness.

The drivers of changes are defined as any natural or human

induced factors that directly or indirectly bring about

changes in any agricultural production systems (Hazell and

Wood 2007).

Theoretical framework

The current theory of adoption is based on the assumption

that the potential adopter makes a choice based on maxi-

mization of expected utility subject to prices, policies,

personal characteristics and natural resources (Caswell

et al. 2001). In this study, it was expected that farmers will

adopt new agricultural practices if they perceive that they

will reduce negative effects and/or benefit from positive

effects of socioeconomic and environmental changes. To

do so, they must decide whether or not it is profitable for

them to adopt a new farm practice, or choose between any

two farm practices represented by j and k. This can be

expressed mathematically using the random utility models:
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Uj ¼ bjXi þ ej and Uk ¼ bkXi þ ek, where Uj and Uk are

the utility associated with the respective choices, Xi is a

vector of explanatory variables, bj and bk are parameters to

be estimated and ej and ek are error terms.

From the above, it can be deduced that a farmer will

decide to change his practice j if perceived utility (Uij) is

greater from other farm practices (Uik). The probability that

a farmer will change his practice j is given by:

P bjXi � bkXi þ ej � ek [ 0jX
� �

.

Empirical model

According to a review of econometric approaches to

modeling technological innovations in agriculture, the

model to be used depends on the type of the technology

change variable. Probit or logit models are commonly used

when technological variables are discrete and tobit model

when they are continuous (Besley and Case 1993).

Modeling the adaptiveness

We used a generalized linear model (GLM) to explore the

factors influencing the adaptiveness. Considering the

dependent variable (the total number of farm practice

changes) as a count data, the basic GLM used was the

Poisson model with a log link function (McCullagh and

Nelder 1989).

Modeling a specific farm practice change

We used a series of logit models with village cluster to

analyze the determinants of farmers’ choices to change

agricultural practices (Grenne 2000). The ordinary logistic

model assumes that the responses on each observation are

independent. When responses are correlated, the ordinary

logistic model is unsuitable as the standard errors will be

biased and therefore this model should be adjusted for the

cluster effect (Jayatillake 2011). We considered adoption

decisions as binary choices: to adopt or not adopt. The

dependent variable for each farm practice change model is

a binary variable, taking the value 1 if the respondent

adopted the change during the focal timeframe and 0 if

otherwise. A total of 15 over 25 farming practices have

been analyzed because they are adopted in all the five

countries (by at least 1 % of farmers in each site). These

practices included: introduction of any new crop, planting

shorter cycle variety, planting a higher-yielding variety,

planting a better quality variety, planting a drought-tolerant

variety, planting improved seed, expansion of farmed area,

reduced area, introduction of crop rotation, introduction of

intercropping, using organic manure, using mineral fertil-

izers, using pesticides, earlier land preparation and earlier

planting. Introduction of a new variety which is adopted by

73 % of farmers was excluded because it is a combination

of planting shorter cycle, higher-yielding, drought-tolerant

and better quality varieties (based on post-harvest and

organoleptic traits). Testing a new variety, stopped grow-

ing a crop, and a variety were not included because its

determinants can be understood through the analysis of

planting any new crop and variety which are already fac-

tored in the study. A total of 16 regressions were run (one

GLM for the adaptiveness and 15 logistic models for

specific farm practice change).

Independent variables

Adoption of agricultural technologies and practices is

generally affected by various factors, often categorized as:

farm-specific characteristics, technology-specific attributes,

farmers’ socioeconomic characteristics and the social and

environmental context within which the farmers are oper-

ating (Iglokwe 2001; Etoundi and Dia 2008; Barungi et al.

2013). Additional factors are farmers’ attitudes toward

experiments and risk, institutional support, knowledge

sharing and the policy environment (Ouédraogo et al.

2010). The key objective here was to identify reasons why

farmers change their practices, assuming that farmers

choose the outputs and inputs that they believe will max-

imize their net revenue, subject to the external factors that

they face. The theory of consumer behavior highlighted the

role of external factors in adoption decisions, stating that

different circumstances invoke different decision processes

(Botha and Atkins 2005). The external factors are elements

of the physical, environmental and socioeconomic context.

We defined six categories of external factors: market; cli-

mate; land; labor; pests and diseases; and projects and

policies.

Market and productivity factors

Markets play important roles in the adoption of agricultural

innovations. The decision to adopt a new technology or

practice can be seen as an investment decision (Caswell

et al. 2001) aiming to increase production and income.

Markets that can absorb increases in product flows and

ensure good prices are essential to ensure the anticipated

increases in income and (hence) stimulate adoption of

innovations. Conversely, low prices disincentivize increa-

ses in production, thereby hindering technology adoption in

agriculture (Parvan 2011). Hence, we defined two market-

and productivity-related factors as independent variables

that are expected to increase adoption of agricultural

innovations: better yields and market opportunities (in

terms of either higher prices or new opportunities to sell

farm products).
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Climatic factors

Climate clearly has major effects on agricultural pro-

duction. Most agricultural practices are linked to climate

either directly or indirectly (Lybbert and Sumner 2012),

making climate change a major widely recognized driver

of agricultural transitions (Zondag and Borsboom 2009).

In our modeling, we applied the following climatic factors

that have been typically perceived as elements of climate

change in West Africa: more erratic rainfall, reductions in

overall rainfall, more frequent droughts, strong winds,

later starts of rains and higher temperatures (Maddison

2007).

Land issues

Low soil fertility is one of the most severe obstacles to

improving the performance of the agriculture sector in

West Africa (Jordan and Leake 2004). To compensate for

the low productivity associated with the region’s low soil

fertility, farmers usually expand the size of their farms

and also practice shifting cultivation (Ouédraogo et al.

2010). Given the growing population and decreasing

possibilities to increase or change cultivated areas,

farmers have to change their farm practices. In this regard,

we applied two explanatory variables related to land

issues: reductions in land productivity and reductions in

available land area.

Labor factors

Labor is a key production resource in agriculture and

may either strongly promote or hinder adoption of an

agricultural innovation depending on whether there is a

net labor shortage or surplus (Parvan 2011) and whether

the innovation is labor-saving or will require additional

labor inputs. Generally, low labor availability is likely

to be associated with high rates of adoption of labor-

saving practices. Thus, insufficient labor (including low

ability to hire labor due to cost or availability con-

straints) was included as an explanatory variable.

Pests and diseases

In West Africa, pests and diseases are among the most

prevailing factors constraining production of various crops,

including cotton, cowpea, groundnut and cereals (Kamara

et al. 2013). The adoption of various methods developed to

control pests and diseases will clearly be related to the

local incidence and severity of infestations. Here, a single

related explanatory variable was included, named pests and

diseases, covering increases in the incidence of either new

or established pests and diseases.

Development projects and policies

Policies affect the adoption of agricultural innovations

directly (by fostering a suitable environment for dissemi-

nating innovation) or indirectly by influencing other driv-

ing forces (e.g., subsidies for new technologies, credit and

training). We included implementation of development

projects and/or policies designed to promote agricultural

changes by the government, in the respondents’ respective

areas, as an explanatory variable.

For all of the market and productivity, climate, land,

labor, pests and diseases, and development projects and

policies factors, we defined a binary variable taking the

value 1 if a respondent cited the factor as a reason for

making a change and 0 if otherwise. Assuming that all

changes made by farmers are intended to mitigate the

negative impacts and enhance the positive effects of

socioeconomic and environmental changes, all the

explanatory variables should increase probabilities of rel-

evant changes in farm practices.

Farmers’ characteristics

As discussed by various authors (e.g., Iglokwe 2001; Botha

and Atkins 2005; Etoundi and Dia 2008; Barungi et al.

2013), farmers have differing abilities to adopt presented

innovative practices, even if their environmental contexts

are identical, due to variations in their personal character-

istics. Therefore to control for effects of farmers’ charac-

teristics in the model, and isolate effects of contextual

factors on changes in their practices, the explanatory

variables also included respondents’ household size, gen-

der and education level of the household’s head, farm

assets and access to both information and credit.

The household size determines the potential workforce

of the household involved in farm activities. It affects the

adoption of agricultural practices depending on the labor

characteristics of these practices. Some farmers’ practices

reduce the amount of labor required for growing a crop,

while others significantly increase it.

Most agricultural extension efforts including trainings

and advices, inputs and equipment supports in West Africa

are targeted men farmers. Household’s head being man will

contribute to increase the adaptive capacity of the household.

Education may make a farmer more receptive to advice

from an extension agency or more able to deal with tech-

nical recommendations that require a certain level of

numeracy or literacy. The more complex the technology,

the more likely it is that education will play a role (CIM-

MYT 1993).

Farmers’ ownership of equipment or machinery (farm

assets) may influence their ability to adopt technology. If a

farm practice change involves a new type of equipment or

Markets and climate are driving rapid change in farming practices in Savannah West Africa 441

123



machinery, the degree of adoption may depend on the

number of farmers who are able to acquire the equipment

(CIMMYT Economics Program 1993). Farmers’ assets are

defined by the number of tractors, mechanical plow,

threshers and mills owned by the farm.

Information plays a key role in adoption process (Rogers

1962). For farmers to adopt a practice, they must first know

about it. Weather, agricultural and market information can

help households adapt to environmental and socioeco-

nomic changes. The information may come from several

sources including televisions, radios and cell phones. The

number of sources by farmer is used as a variable to ana-

lyze the effect of access to information on adaptation.

Credit may be an important factor in determining

adoption. If a recommendation implies a significant cash

investment for farmers, its adoption may be facilitated by

an efficient credit program (CIMMYT Economics Program

1993). This variable takes the value ‘1’ if the farmer

obtained credit for agricultural activities in the last

12 months and 0 if otherwise.

Control factors

Households in our sample were located in 38 villages of five

different countries. It is possible that households’ adaptation

decision scores within each village may not be independent,

and this could lead to residuals that are not independent

within the village. We used the cluster option of Stata

command to indicate that the observations are clustered into

village and that the observations may be correlated within

village, but would be independent between village. The

standard errorswere computed on the aggregate scores for 38

villages. This method allowed incorporating characteristics

unique to the village (e.g., cropping systemand demography)

that are not explicitly covered by other variables in order to

address the possibility that households’ adaptation decisions

may be spatially correlated to some degree.

The explanatory variables are presented in supplemen-

tary materials (Table SM2).

Results

Changes in farm practices

Percentages of surveyed farmers practicing the considered

farm management options are presented in Table 1 and the

number of changes in farm practices in Fig. 1.

Adaptiveness

The results showed that farmers in the study sites adopted

about 11 new farm practices to cope with the rapid changes

and global challenges they faced during the last decade.

There was a big variation between farmers with a standard

deviation of six and a maximum of 29 changes. Figure 1

shows that Ghana was the most adaptive site with 15

changes in farm practices followed by Senegal (13) and

Burkina Faso (13). Mali was the less adaptive site with

only five changes made an average by farmers within the

period. This was followed by Niger with eight changes.

Crop-related changes

It appeared in Table 1 that 70 % of farmers had adopted

crop-related changes, such as introducing a new crop

(50 %) or stopping the growing of a crop (27 %). New

crops they had introduced were mainly cash crops, such as

sesame, soybean and peanuts. The changes in crop-related

practices were highly reported in Senegal (96 %) Ghana

(85 %) and Mali (72 %) but less in Burkina Faso (37 %)

and Niger (58 %).

Variety-related changes

Apart from just changing the type of crops, about 82 %

had adopted variety-related changes including planting

new varieties of crops (73 %), with (for example): shorter

growth cycles (64 %), higher yields (56 %), better quality

(41 %) or higher drought tolerance (12 %). The crops

involved in these changes were mainly millet, peanut,

maize, sorghum and cowpea. Variety-related changes

were significantly greater in Ghana (98 %) and Senegal

(95 %).

Land use- and management-related changes

Land use- and management-related changes were adopted

by 95 % of the farmers (Table 1). These changes com-

prised: the use of manure (72 %), mineral fertilizers

(55 %), pesticides (37 %); building ridges or bunds

(19 %), stones lines (11 %); expansion (57 %) or reduc-

tion (46 %) of cropping areas; stopping burning (15 %);

introduction of intercropping (51 %); earlier land prepa-

ration (50 %) and planting (24 %); crop rotation (44 %);

later planting (35 %); and farming mechanization (12 %).

The use of organic manure was the most widespread

innovation taken up by farmers in Burkina Faso, Ghana,

Mali and Senegal. The early land preparation was the

most adopted practice in Niger. The building of ridges or

bunds techniques and farming mechanization were

reported mainly in Burkina Faso and Ghana and stopped

burning was adopted in Ghana. Land use- and manage-

ment-related changes have been implemented in the pro-

duction of staple crops including sorghum, millet and

maize.

442 M. Ouédraogo et al.

123



Drivers of changes in farm practices

Table 2 presents proportions of respondents who provided

reasons for changing their farm practices in the last

10 years. Tables SM3 and SM4 in supplementary materials

present results for the regression models of change in farm

practices. The Chi-square results showed that likelihood

ratio statistics are highly significant (P\ 0.001) for all the

16 regressions, confirming each model as a whole was

statistically significant. In addition, most of the explanatory

variables were significant (P\ 0.05).

Adaptiveness

Results from the frequency analysis (Table 2) showed that

the most cited reasons for these changes in CCAFS West

Africa sites were land productivity and availability,

market-, climate- and labor-related factors. Low produc-

tivity and/or availability of land was cited by 75 % of the

farmers as drivers of changes in their practices. These

drivers largely affected decisions related to the cultivation

of staple crops such as sorghum, millet and maize. Market-

related factors (seeking better yields, better prices and new

opportunities to sell) were cited by 71 % of the farmers as

reasons for changing their practices; particularly, practices

related to cash crops, such as peanut, sesame, bean and

cowpea. About 62 % of the farmers stated that they

changed their practices because of weather- or climate-

related changes, including more erratic rainfall, reductions

in overall rainfall, later start of rains, more frequent

droughts, strong winds and higher temperatures. The cli-

mate drivers mainly affected practices related to staple

crops, including sorghum, millet and maize. About 56 % of

farmers declared that labor issues (labor insufficiency and/

Table 1 Proportions of respondents in CCAFS West Africa sites who self-reportedly made changes to their agricultural practices during the last

10 years

Changes Burkina Faso Ghana Mali Niger Senegal Region

Crop-related changes 37 85 72 58 96 70

Introduced any new crop 30 56 40 41 84 50

Stopped growing a crop 8 39 25 24 42 27

Variety-related changes 76 98 75 68 95 82

Introduced new variety of crops 73 94 54 64 83 73

Planting shorter cycle variety 65 84 42 53 75 64

Planting higher-yielding variety 43 81 28 51 78 56

Planting better quality variety 32 74 11 31 57 41

Stopped using a variety 29 46 23 26 46 34

Planting pre-treated/improved seed 56 51 3 7 11 25

Testing a new variety 36 6 36 18 9 21

Planting longer cycle variety 19 41 0 9 30 20

Planting drought-tolerant variety 21 18 12 8 2 12

Land use- and management-related changes 96 100 78 99 100 95

Started using manure/compost 74 91 55 46 93 72

Expanded area 56 50 45 56 77 57

Started using or using more mineral fertilizers 66 64 26 57 63 55

Introduced intercropping 46 67 9 61 71 51

Earlier land preparation 66 29 3 75 78 50

Reduced area 29 78 29 28 69 46

Introduced rotations 37 70 8 14 93 44

Started using or using more pesticides 35 64 1 29 59 37

Later planting 22 99 0 49 4 35

Earlier planting 21 29 1 19 51 24

Introduced/built ridges or bunds 36 56 0 5 0 19

Stopped burning 4 71 1 0 1 15

Introduced mechanized farming 37 18 1 1 0 12

Introduced stone lines 55 1 0 0 1 11

All practices changes 99 100 94 100 100 99

Number of observations = 699. Respondents could nominate more than one practice change

Markets and climate are driving rapid change in farming practices in Savannah West Africa 443

123



or lack of ability to hire labor due to cost or availability

constraints) influenced changes in their practices, mainly

related to sorghum, millet and peanut cropping. In addition,

22 % reported that crop pests and diseases (emergence of

new pests and diseases and/or increases in incidence of

established pests and diseases) have induced changes in

their practices. The main crops affected by these drivers

were legumes, such as cowpea, bean and peanut. Projects

and policies were cited by only 20 % of farmers as drivers

of changes, mainly related to sorghum, millet, maize and

cowpea cultivation. Market-related factors were the most

cited drivers of change in Senegal and Mali, while climate-

related reasons were more reported in Burkina Faso and

Ghana. We noticed that land constraints were the most

cited drivers of change in farm practices in Niger.

Results from the GLM (Table SM3) showed that the

adaptiveness was positively associated with farmers’ per-

ceived changes in market opportunities, climate conditions

(erratic rainfall, later start of rains and higher temperature),

land and labor constraints, pests and diseases incidence,

and project implementation. However, more frequent

drought and strong winds contributed to reduced changes in

the number of farm practices. Farmers’ characteristics

including gender and education level had no significant

effect on the adoption of new farming practices. Mean-

while, access to information and credit increased the

changes in the number of farm practices at the study

locations.

Crop- and variety-related changes

As shown in supplementary materials (Table SM3), the

probability of the farmers introducing any new crop was

increased by market opportunities (44 %), low land avail-

ability (18 %) and low land productivity (15 %). However,

it was negatively correlated with increases in pests and

diseases (-18 %) and strong winds (-20 %).

Planting shorter cycle varieties was positively associated

with better yields, market opportunities, less overall rain-

fall and access to credit (which increased the probability of

this practice by 29, 34, 15 and 15 %, respectively).

Meanwhile, it was negatively affected by low land pro-

ductivity which reduced its adoption by 14 %.

The probability of adopting higher-yielding varieties

was increased by 42 % when farmers perceived possibili-

ties of increase yields (per unit cost) and by 34 % when

they perceived possibilities to get higher prices or new

opportunities to sell products. This probability was

increased by 27 % when farmers perceived reductions in

overall rainfall and 25 % when they perceived strong

winds. Other influential factors were: changing pests and

diseases, access to credit and access to information which

increased farmers’ probability of adopting higher-yielding

varieties by 16, 14 and 10 %, respectively. The results

showed that strong winds, high temperatures, low land

productivity and farm assets had a negative effect on

adoption of higher-yielding varieties.

Table SM3 also indicates that market opportunities,

better yields, pest and diseases, and reductions in overall

rainfall were associated with 33, 28, 28 and 15 % increa-

ses, respectively, in the probability of farmers adopting

better quality varieties. More frequent droughts, strong

winds and farm assets negatively affected the adoption of

better quality varieties.

Planting drought-tolerant varieties was positively asso-

ciated with better yields and development projects and

policies (which increased the probability of farmers

adopting such varieties by 9 and 8 %, respectively). This

practice was negatively associated with strong winds which

reduced the probability of adopting such varieties by 4 %.

From Table SM3, it is evident that better yields, later

start of rains, land availability, increases in pests and dis-

eases, and development projects increased the probability

of adopting improved seeds by 12, 17, 14, 30 and 21 %,

respectively. However, this practice was negatively affec-

ted by more erratic rainfall and more frequent droughts

which reduced the probability of adopting this practice by

14 and 11 %, respectively.

Land use- and management-related changes

Table SM4 indicates that expansion of the cropping area

was positively associated with more erratic rainfall, better

yields, market opportunities, access to credit and access to

information. These variables increased the probability of

farmers expanding their cropping area by 20, 13, 12, 12 and

9 %, respectively. Household head being a man and farm

assets increased the expansion of farmed area by 19 and
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7 %. More frequent droughts and increase in pests and

diseases reduced the probability of expanding farmed area

by 21 and 16 %, respectively.

Reducing farmed area was positively associated with

market opportunities, land availability, pests and diseases,

and access to both information (climate information and

agricultural advisories). These variables increased the

probability of farmers reducing their cropping area by 20,

33, 17 and 5 %, respectively. However, strong winds,

higher temperatures and being man reduced the probability

of reducing farmed area by 18, 40 and 24 %, respectively.

Table SM4 again indicates that market opportunities,

increases in pests and diseases, insufficient labor, insuffi-

cient land and access to information increased the proba-

bility of farmers adopting crop rotations by 45, 18, 15, 13

and 12 %, respectively. On the other hand, strong winds

and the household size reduced the probability of intro-

ducing crop rotation by 19 and 0.7 %.

Market opportunity, strong winds, insufficient labor,

increase in pests and diseases, access to information and

credit increased the probability of adopting intercropping

by 32, 18, 27, 25, 7 and 13 %, respectively, while more

frequent droughts and farm assets reduced this probability

by 19 and 22 %.

Decline in land productivity and availability, labor

shortage and access to information increased the

probability of farmers adopting early land preparation

by 19, 18, 27 and 7 %, respectively. On the other hand,

frequent droughts, later start of rains and increase in

farm production assets decreased the probability of

adopting early land preparation by 45, 15 and 15 %,

respectively.

Table 2 Proportions of

respondents citing indicated

reasons for changing their

agricultural practices in the last

10 years at the CCAFS West

Africa sites

Change drivers Burkina Faso Ghana Mali Niger Senegal Region

Markets 62 84 67 55 88 71

Better yield 58 83 53 54 75 65

Better price 30 69 26 9 63 39

New opportunity to sell 21 51 23 1 83 36

Climate 76 100 41 69 25 62

More erratic rainfall 64 98 27 64 16 54

Less overall rainfall 56 94 16 48 12 45

More overall rainfall 3 3 1 4 2 3

More frequent droughts 41 71 11 14 1 28

More frequent floods 11 2 3 2 0 4

Strong winds 39 12 0 18 0 14

Later start of rains 51 99 12 28 1 38

Earlier start of rains 8 31 0 4 0 8

Higher temperatures 37 11 0 6 0 11

Land 76 99 50 92 60 75

Land is less productive 74 99 44 88 51 71

Land is more productive 1 1 0 2 1 1

Less land 27 64 11 24 22 30

More land 9 42 1 6 3 12

Labor 59 71 30 73 46 56

Insufficient labor when needed 20 4 21 39 25 22

Sufficient labor 38 61 11 20 9 28

Able to hire labor 17 55 1 12 19 21

Unable to hire labor (too expensive) 14 5 2 48 6 15

Unable to hire labor (not available) 6 2 2 1 6 4

Pests and diseases 29 69 4 8 3 22

More resistant to pests/diseases 16 21 0 8 2 9

New pests/diseases have come 18 67 4 3 1 18

Projects and policies 45 28 10 5 10 20

Government/project told us to 41 14 9 4 9 15

Government/project showed us how 41 22 1 4 3 14

Policy changes 19 3 1 0 0 5

Others kind of change no listed above 12 2 9 0 0 5
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Markets opportunities, land and labor shortage, increase

in pests and disease, access to both information and credit

increased the probability of farmers conceding early

planting by 17, 24, 9, 17, 4 and 14 %, respectively. On the

other hand, frequent droughts, household size and educa-

tion level decreased the probability of adopting early

planting by 19, 0.4 and 8 %, respectively.

Table SM4 shows that variables such as market oppor-

tunities, reductions in overall rainfall, higher temperature,

decline in land productivity, labor shortages, increases in

farm assets and access to information increased the prob-

ability of farmers using organic manure by 15, 15, 17, 18,

10, 18 and 8 %, respectively. However, increase in strong

winds and household size reduced this probability by 24 %.

Farmers that experienced more erratic rainfall, reduc-

tions in overall rainfall and/or higher temperatures, low

land productivity and those with at least a secondary level

of education and access to information were more likely to

start using (or used more) mineral fertilizers than farmers

lacking these attributes. These factors increased the prob-

ability of mineral fertilizers’ use by 10–22 %. On the other

hand, later start of rains and household size decreased the

probability of using mineral fertilizer by 13 and 0.5 %.

Market opportunities, reductions in overall rainfall, later

start of rains and access to information were associated

with 23, 21, 15 and 8 % increases in the likelihood of their

use or increases in their use. Development projects

increased the likelihood of farmers using pesticides by

20 %. Higher temperatures and increase in household size

reduced the probability of using pesticides by 19 and

0.6 %, respectively.

Discussion

The results of the study raised three characteristics of farm

practices changes in the CCAFS West Africa sites.

Farm practices changes: an incremental adaptation

to socioeconomic and environmental challenges

The study highlighted a high number and diversity of farm

practices adopted by farmers during the last 10 years in the

study sites, indicating that agricultural practices are being

rapidly transformed in the region. However, this transfor-

mation was more oriented toward farm short-term man-

agement options such as choice of crop and varieties, use

of agricultural inputs (fertilizers, improved seeds, pesti-

cides). Changes that could lead to a deep transformation of

agriculture such as investment in water and soil conser-

vation techniques as well as farming mechanization were

weakly made by farmers. As a result, the basic character-

istics of farming systems in the region are still being

maintained. In this regard, the farming dynamics observed

in the region is in line with an incremental adaptation

which accounts for actions where the central aim is to

maintain the essence and integrity of a system or process at

a given scale (Kates et al. 2012). However, climate change

and demographics pose huge problems that show that

incremental adaptation alone is not the answer. As West

Africa is considered to be one of the regions likely to be

most affected by climate change (Jalloh et al. 2013), a

transformational adaptation is needed to cope with this

challenge. This goes beyond the autonomous actions

prevalent among farmers in the region which also neces-

sitates the consideration of major environmental changes

(e.g., global warming, deforestation and land degradation)

and/or political and socioeconomic shocks (e.g., market

instability, demographic pressure and migration) as a

public policy agenda.

Farm practices changes: context specific responses

The study showed that famers responded to environmental

and socioeconomic challenges differently according to the

sites. In Burkina Faso, Mali and Senegal, the widespread

change mentioned by farmers was the use of

manure/compost, while in Ghana and Niger, it was,

respectively, the introduction of new crop varieties and

early land preparation. Some changes were reported in

some sites but not in others. For instance, building ridges or

bunds were practiced in Burkina Faso and Ghana, while

reduced slash and burn was prevalent in Ghana. The

number of changes made by farmers also differed from site

and may be dependent on specific constraints in the site and

the availability of innovation options (endogenous and

scientific) at site. These results showed that most of the

changes were context specific and any efforts for scaling up

the innovative practices should take into account the

specificity of the socioeconomic and environmental con-

text. Further, the results inform the necessity to undertake

research activities to improve understanding of the context

specific responses. This needs more robust evaluations of

what alternatives are appropriate, where and under which

circumstances.

Farm practices changes: a multiple purpose

responses

The study revealed that 11 out of 15 of the considered

changes in farm practices were found to be significantly

associated with changing market circumstances (better

prices or selling opportunities). These practices were:

introducing new crops; planting shorter cycle, higher-

yielding and better quality varieties; expanding or reducing

crop area; introducing crop rotation and intercropping;
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early planting; and using organic manure and pesticides.

This was consistent with expectations as planting new crop

and varieties helps efforts to meet consumer preferences

and thus benefits from market opportunities (Seidu and

Yankyera 2014). Market opportunities affect choices of

crop to cultivate, generally promoting a shift from staple

crops to cash crops such as peanut, sesame, bean and

cowpea. Market-oriented agriculture integrates practices

such as use of pesticides and organic manure, introduction

of crop rotation and intercropping, and expansion of

farmed area which contributes to increased yields and

production. In addition, they integrate early planting which

contributes to synchronizing market opportunities with

early harvests.

The results also showed that nine out of the 15 considered

farm practices were positively related to at least one climatic

factor. These practices included: planting shorter cycle,

higher-yielding and better quality varieties; using improved

seeds; expanding farmed area; introducing intercropping;

and using organic manure, mineral fertilizers and pesticides.

All of these practices are recognized as adaptation strategies

to climate change and variability in agriculture in West

Africa (Kurukulasuriya and Mendelsohn 2008). Yet, intro-

ducing a new crop was not strongly linked to climatic fac-

tors. This is surprising because switching to new crops has

been identified as a common and effective strategy for

adapting to climate change by several studies in Africa

(Kurukulasuriya and Mendelsohn 2008), South America

(Seo and Mendelsohn 2008) and China (Wang et al. 2010).

Considering the relatively short period (10 years) covered

by this study, farmers may have generally chosen to change

crop varieties rather than crop species. The results also

indicated that perceived reductions in overall rainfall

increased the probability of farmers adopting shorter cycle,

higher-yielding and better quality varieties and starting to

use mineral fertilizers, organic manure and pesticides. Fur-

thermore, in response to more erratic rain, farmers are likely

to expand their arable land and use more mineral fertilizers.

Similarly, if rains start late, they are more likely to use more

pesticides and improved seeds.

The results revealed that eight of 15 farm practices were

associated with low land productivity and/or availability.

Low land productivity explained use of organic manure

and mineral fertilizers, introduction of a new crop and early

land preparation. Lack of land was a reason behind intro-

duction of crop rotations and changes in crops, use of

improved seeds, reduction in farmed area, early land

preparation and planting. Indeed, alternating cereal crops

and legumes promotes the accumulation of soil organic

matter and improves soil fertility, thereby enhancing

overall yields (Jordan and Leake 2004).

Labor shortages increased the likelihood of farmers

introducing crop rotations and intercropping, adopting

early land preparation and planting and using organic

manure, and promoted switches to crops with low labor

requirements. Crop rotations can be highly effective for

coping with labor constraints by controlling the prolifera-

tion of weeds (Jordan and Leake 2004), thus reducing

needs for weeding, one of the most labor-consuming

activities in farming.

We found that increases in the incidence of pests and

diseases were associated with increased likelihoods of

farmers introducing crop rotations and intercropping,

planting better quality and higher-yielding varieties, using

improved seed, reducing crop area and early planting. All

of these practices were related to a reduction in pests and

disease incidence; for example, crop rotation is recognized

as one of the most effective indirect methods of controlling

pests, diseases and weeds (Jordan and Leake 2004), thereby

reducing needs for chemical pesticides.

We also found that development projects and policies

have influenced the planting of drought-tolerant varieties,

improved seeds and use of pesticides. This is perhaps not

surprising, as these practices are costly (in terms of either

cash or time/labor) and cannot easily be adopted by

resource-poor smallholder farmers without technical and

financial support. This suggests that without these devel-

opment projects, we would have seen even less adoption of

these adaptation practices.

The study further revealed that most of the observed

changes in farm practices were associated with changing

market circumstances and at least one climatic factor.

Some of them are also associated with climate factor and

low land productivity and/or availability. No farm practice

was found to cope with only one category of drivers. It

means that most adaptive responses undertaken by farmers

serve multiple purposes. This is due to the strong links

between factors. For example, climate change will directly

affect crop productivity and indirectly affect the market

availability and prices of food. Similarly, increases in

temperatures tend to promote proliferation of weeds and

pests (Porter et al. 2014). Therefore, responding to one

challenge leads to coping with another one. These results

confirmed the statement that agricultural adaptation

strategies involve highly complex evolutionary processes

that are interactively influenced by climatic, economic,

technological, social and political pressures, which have

effects that are difficult to isolate (Smit and Skinner 2002;

Below et al. 2010).

Conclusion and policy implications

This study clearly showed that farming practices in West

Africa are dynamic, as found in the diverse CCAFS pro-

gram sites. Farmers responded in numerous innovative
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ways to the rapid changes and challenges they faced, by

adopting changes in practices related to their crops, vari-

eties, land use and management. The regression results

confirmed that most adaptation practices serve multiple

purposes and are strongly interrelated. For example, crop

rotations may be introduced in response to opportunities or

challenges associated with markets, climate, land, labor,

crop pests and diseases. Similarly, new varieties may be

adopted in response to market-, climate- and land-related

challenges. Thus, both environmental and socioeconomic

factors are leading to changes in farm practices in West

Africa.

It is evident that some changes in practices that we are

observing are perhaps not optimal as we look ahead to the

additional challenges that climate change will introduce,

indicating the need to improve awareness of those chal-

lenges, and information as to the range of possible options

and responses to those challenges. Farmers must clearly

perceive the problems they face before researching and

investing in solutions in order to minimize risks of wasting

time and money on maladaptation and maximize chances of

obtaining desired results (increases in productivity and

income). The results highlighted some of the changes being

made, or options that appear to be largely in response to

perceived changes in long-run weather patterns (climate),

including planting of new varieties, expanding farmed areas,

introducing crop rotations and increasing use of mineral

fertilizers, organic manure and pesticides. Similarly, com-

mon responses to changing market circumstances and

opportunities include planting of new varieties, growing new

crops and introducing crop rotations, confirming that mar-

kets are playing a key role in farm dynamics. The study also

highlighted the role of land and labor constraints in farming

practices changes in the research sites, meaning that the

causes of adaptation are multifactorial.

In conclusion, changes in markets and climate are both

helping to promote needed changes in farming practices in

West Africa, thus policies that foster the development of

markets for agricultural products, and improved weather-

and climate-related information linked to knowledge of

appropriate agricultural innovations in different environ-

ments are needed to increase uptake of adaptation prac-

tices. More researches are needed to improve

understanding of the context specific responses to major

environmental changes and/or political and socioeconomic

shocks through a more robust evaluations of what alter-

natives are appropriate, where and under which

circumstances.
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