
 

Sustainability 2015, 7, 6573-6592; doi:10.3390/su7066573 
 

sustainability 
ISSN 2071-1050 

www.mdpi.com/journal/sustainability 

Article 

Farmer’s Knowledge and Perception of Diversified Farming 
Systems in Sub-Humid and Semi-Arid Areas in Benin 

Alcade C. Segnon 1,*, Enoch G. Achigan-Dako 1, Orou G. Gaoue 2 and Adam Ahanchédé 1 

1 Horticulture and Genetics Unit, Faculty of Agronomic Sciences, University of Abomey-Calavi,  

01 BP 526 Cotonou, Benin; E-Mails: enoch.achigandako@uac.bj (E.G.A.-D.); 

ahanchedeadam@yahoo.fr (A.A.) 
2 Department of Botany, University of Hawaii at Manoa, 3190 Maile Way, Honolulu, HI 96822, 

USA; E-Mail: ogaoue@hawaii.edu 

* Author to whom correspondence should be addressed; E-Mail: alcadese@gmail.com;  

Tel.: +229-97-327-830; Fax: +229-21-303-084. 

Academic Editor: Marc A. Rosen 

Received: 9 January 2015 / Accepted: 13 April 2015 / Published: 26 May 2015 

 

Abstract: Building on farmer’s agroecological knowledge to design environmental-friendly 

agricultural systems is crucial given the environmental impact of industrial agriculture. We 

investigated the drivers of farmers’ knowledge of agrobiodiversity management and analyzed 

how farmers’ knowledge and their current farming contexts may guide future farming 

systems in sub-humid (Bassila) and semi-arid (Boukoumbé) areas of Benin. We conducted 

structured interviews with 180 farmers and used generalized linear models and correlation 

analyses to understand the spatio-temporal dynamics of farmers’ knowledge and perception. 

Land tenure, ecological conditions and sociolinguistic membership were the main drivers of 

farmers’ knowledge of agroforestry systems, practices, species diversity and current farming 

systems. Sociolinguistic membership also significantly predicted farmers’ knowledge of 

livestock management. Farmers in the semi-arid area were more involved in integrated  

crop-tree-livestock systems than those in the sub-humid area. However, all farmers indicated 

a willingness to adopt this integrated farming system regardless of socioeconomic and 

ecological factors. Farmer’s knowledge of agrobiodiversity (crops, agroforestry species and 

livestock diversity) management was correlated with the involvement in integrated  

crop-livestock-tree and agroforestry systems. These findings provide insights into how 

farmers’ knowledge can serve as basis in optimizing agricultural and livelihoods systems. 

Investigating the ecological, economic and social performance of the most desired 
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integration/diversification options using a system approach involving a co-innovation process 

can further our mechanistic understanding of farmers decision making process. 

Keywords: local ecological knowledge; crop-tree-livestock systems; agroforestry systems; 

agrobiodiversity; integrated agro-ecosystem approach; Benin 

 

1. Introduction 

“Industrial or conventional” agriculture is a highly simplified ecosystem in which high productivity 

depends on a few improved high-yielding crop varieties and a heavy reliance on agrochemical inputs 

(e.g., fertilizers, pesticides) and fossil fuels [1–4]. This has contributed to the tremendous increase in 

food production over the past 50 years, although this achievement comes with heavy environmental  

costs [1,3,5–8]. Adverse effects of modern agriculture include loss of biodiversity and associated 

traditional knowledge that communities share about it, pest resistance, soil and water pollution, soil loss 

(along with soil fertility) and increased greenhouse gas emissions. Moreover, climate change is expected 

to further exacerbate food insecurity in areas currently vulnerable to hunger and undernutrition [9], such 

as the West African Sahel and dry savanna zones, where strong climatic variations and irregular rainfalls 

make the harvest of staple and cash crops highly uncertain [10]. 

Using agroecologically-based management strategies and diversified farming systems can increase 

agricultural systems’ sustainability, resilience and productivity, while reducing adverse environmental 

consequences associated with agricultural intensification [3,11–14]. Diversified farming systems promote 

and enhance ecosystems services that provide critical inputs to agricultural systems’ productivity and 

resilience amid a changing climate [14–17]. To develop culturally appropriate agroecological farming 

systems, it is crucial to include farmers’ agroecological knowledge and location-specific knowledge of 

production constraints [12,17–19]. Including this knowledge requires further understanding of the 

drivers of the spatio-temporal dynamics of farmers’ agroecological knowledge. Although it is commonly 

assumed that local people’s agroecological knowledge is used to develop more environmentally-friendly 

agricultural systems, this is often rarely demonstrated, especially in the West African Sahel and dry 

savanna zones. 

In this paper, we: (i) investigated the drivers of farmers’ knowledge of agrobiodiversity management and 

current farming systems; and (ii) analyzed how farmers’ knowledge and their current farming context 

may guide their farming systems in the future in sub-humid and semi-arid areas of Benin (West Africa). 

Elucidating the link between current farming context and farmers’ intention is relevant for research and 

development policy orientations in the West African Sahel and dry savanna zones. In addition, this 

understanding will provide further insights into how farmers’ knowledge of agrobiodiversity serves as a 

basis for optimizing agricultural production and improving livelihoods. In this study, we specifically 

addressed the following major questions: (1) What is the influence of ecological differences between areas 

(semi-arid Sudanian vs. sub-humid Sudano-Guinean areas) and socioeconomic factors (ethnicity, age and 

land tenure) on farmers’ knowledge of agrobiodiversity management, on farmers’ current farming 

systems and on their future farming systems’ intention? (2) How does farmers’ knowledge of 

agrobiodiversity management affect current farming approaches? (3) How does farmers’ current farming 
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context affect their farming systems in the future? We hypothesized that those ecological conditions in which 

farmers operated and their sociolinguistic and socioeconomic attributes are drivers of farmers’ 

knowledge of agrobiodiversity and current agricultural systems and that all farmers intend to apply 

diversified farming systems regardless of these drivers. 

2. Materials and Methods 

2.1. Study Area 

This study was conducted in two ecological regions of Benin (West Africa): the Sudanian and the 

Sudano-Guinean regions. The Sudanian region is dominated by woodlands and savannas on ferruginous 

soils. The rainfall is unimodal with a mean annual rainfall of 1000 mm (Table 1). The temperature ranges 

from 24 to 31 °C [20,21]. The main sociolinguistic groups are Bariba, Fulani and Otamari and related 

sociolinguistic groups [22]. Farming systems are mainly based on cotton cultivation and livestock 

breeding. In the western part of the Sudanian region, farming systems are limited by the availability of 

land, leading to population migration into the Sudano-Guinean region [23]. The Sudano-Guinean region 

is a transitional zone with a mosaic of forest islands, gallery forests and savannas. The rainfall regime is 

also unimodal, but with a greater annual mean rainfall ranging from 1100 to 1300 mm (Table 1). The 

temperature varies from 25 °C to 29 °C [20,21]. The main sociolinguistic groups are Bariba, Yoruba and 

Fon and related sociolinguistic groups [22]. Otamari and Yom-Lokpa and sociolinguistic ethnics groups, 

two sociolinguistic groups forming the principal actors of migratory dynamics in Benin [24], are found 

in the Sudano-Guinean region. Fulani herders are also found in the Sudano-Guinean region because of 

their nomadic pastoralist lifestyle. Yam-based cropping systems are dominant [23], while rice cultivation 

is also important. Cotton and cashew nut cultivation are also of importance in the Sudano-Guinean region. 

Table 1. Comparative agroecological and socio-economic features of Bassila and 

Boukoumbé municipalities. 

 Sub-Humid Area (Bassila) Semi-Arid Area (Boukoumbé) 

Ecological region Sudano-Guinean region (7°30′–9°30′N) 
Sudanian region  

(9°30′–12°N) 
Annual rainfall 1100–1300 mm 900–1100 mm 

Active vegetation period 200 days 145 days 

Forest cover 
50% of the total area of the municipality of 

Bassila is covered by forest reserves 
Not available 

Main cropping systems Cereal- (maize and sorghum) and yam-based 
Cereal-based  

(sorghum and pearl millet) 
Food insecurity Moderate food insecurity Severe food insecurity 

Poverty incidence 
Low  

Less than 40% of poor households 
20% of population living in extreme poverty 

High 
72% of poor households 

51% of population living in 
extreme poverty 

Total population 71,511 habitants 60,568 habitants 
Total land area 5661 km2 1,036 km2 

Population density 13 habitants per km2 58 habitants per km2 

Data assembled from Adomou [20], Akoègninou et al. [21], Bongi et al. [25], MAEP [26], INSAE [27]. 
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2.2. Participants and Sampling 

Based on the biophysical and socioeconomic gradients across the two ecological regions [20,21,25–27], 

we selected two municipality for our field investigations: Boukoumbé (10°10′36.1ʺN and 01°06′22.0ʺE) 

and Bassilla (09°01′00.1ʺN and 01°40′00.1ʺE; see Table 1 and Figure 1). Boukoumbé is located in the 

semi-arid Sudanian region. The total population of Boukoumbé is 60,568 with a population density of 

58 habitants/km2 [27]. The total land area is 1,036 km2. About 72% of households are poor (the highest 

proportion at the national level), and 51% of its population live in extreme poverty [25]. To reduce this 

severe food insecurity, an emergency program of the Benin government was implemented from 2009 to 

2011 through various projects [26]. Bassila is located in the sub-humid Sudano-Guinean region with a 

total population of 71,511 and a density of 13 habitants/km2 [27]. The total land area is 5661 km2. Nearly 

half of Bassila total land area is covered with forests. About 40% of households are poor with 20% of 

its population living in extreme poverty [25]. However, food insecurity is moderate and steady [26]. An 

in-depth description of the two municipalities can be found in Segnon and Achigan-Dako [28]. 

We conducted structured individual interviews with 180 farmers using a questionnaire (see Section 2.3), 

90 in each municipality. Participants were randomly selected from a list provided by local extension 

service agents and included in the survey after informed consent. In Boukoumbé, eight villages 

(Dimatema, Dipokor 1, Ditchendia, Koukongou, Kounadogou, Koutchata, Okouaro and Tassayota) were 

surveyed, while in Bassila, four villages (Adjiro, Aoro-Lokpa, Camp pionier and Mondogui) were 

surveyed. Participants were mainly farmers, with an average of 3.67 ha farmland (ranging from 0.5 to 

25 ha). The mean age is 37 years, and about 75% of participants were 25 to 50 years old (Table 2). The 

mean household size was 9. Most of the participants (73.33%) in Bassila were tenants, while all of them 

(100%) are landowners in Boukoumbé. 

Table 2. Socio-demographic characteristics of study participants (n = 180). Values are percentages. 

Characteristics Bassila (n = 90) Boukoumbé (n = 90) Total (n = 180) 

Sociolinguistic groups 
Ditamari 33 77 55 
Lokpa 27 0 13 
M’Bermé 3 23 13 
Nagot 27 0 13 
Fulani 4 0 2 
Others 6 0 3 

Land tenure 
Landowner 27 100 63 
Tenant 73 0 37 

Age categories 
<25 years 9 14 12 
25−34 years 40 37 38 
35−50 years 37 31 34 
>50 years 14 18 16 
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Figure 1. Location of the study areas. Boukoumbe municipality is located in the Sudanian 

region, and Bassila municipality is located in the Sudano-Guinean region. 

2.3. Questionnaire and Variable Measurements 

In this study, agrobiodiversity is understood as “the variety and variability of living organisms that 

contribute to food and agriculture in the broadest sense, and that are associated with cultivating crops 

and rearing animals within ecological complexes” [29]. Spatial and temporal combinations or integrations 
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of agrobiodiversity components formed diversified farming systems [12–15]. A diversified farming 

system includes: (i) genetic diversity within crop or livestock varieties; (ii) varietal diversity within a 

single crop or livestock species; (iii) multiple intercropped species and/or integration of fish or livestock 

species; and (iv) non-crop and wild plants and animals and semi-natural communities of plants and  

animals [12,13,15,17]. Diversified farming systems promote agrobiodiversity through practices that 

provide critical inputs (e.g., soil building, nitrogen fixation, nutrient cycling, water infiltration, pest or 

disease management and pollination) to farming systems’ productivity and resilience [13,15]. 

Components of agrobiodiversity considered in this study included crop and varietal diversity, tree 

(crop and wild useful trees) diversity and livestock resources. Diversified farming systems included 

crop-tree systems (agroforestry systems), crop-livestock systems, tree-livestock systems (pastoralism) and 

crop-tree-livestock systems (Figure 2). 

The questionnaire consisted of 39 items identified by a literature search on smallholders’ farming and 

livelihoods systems, which are based on agrobiodiversity, in the West Africa Sahel and dry savannah 

zones (see Achigan-Dako et al. [19]). The items of the questionnaire were categorized into 13 constructs 

(see Table 3). Each item was presented as a statement, and participants were asked to indicate their level 

of agreement using a 5-point Likert response scale, ranging from strongly disagree to strongly  

agree [30]. Constructs measured farmers’ knowledge of the management of crop and varietal diversity 

in cropping systems, tree (cultivated and wild useful trees) diversity on farm and livestock resources, 

their current farming systems and their intention to implement diversified farming systems. Key 

subjects/issues addressed in each construct are listed in Table 3. The questionnaire was pre-tested with 

10 farmers (who did not participate in this research) to ensure that the questions were understandable. 

Before each interview, we clarified the response scale using an example to ensure that participants 

understood the Likert scale. Socio-demographic characteristics of each participant were also recorded. 

For each item, a score ranging from 1 to 5 was assigned to responses ranging from strongly disagree to 

strongly agree. For each participant, we calculated a total score for each construct by adding the scores 

assigned to individual items within the construct [30–32]. 

Table 3. Internal consistency and median scores of the constructs (n = 180). 

Constructs 
Number of 

Items 
Key Subjects/Issues Cronbach α Median 25th–75th Range a 

Farmers’ knowledge 

Management of 

crop diversity 
13 

Food/commodity groups, crops, 

number of variety per crop 

cultivated in one cropping season; 

benefits and advantages of 

intercropping, mixed cropping and 

crop rotations (soil fertility 

management, pest and disease 

management, weed management, 

yield improvement) 

0.56 54 50–56 13, 65 
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Table 3. Cont. 

Constructs 
Number of 

Items 
Key Subjects/Issues Cronbach α Median 25th–75th Range a 

Farmers’ knowledge 

Agroforestry 

systems 
10 

Positive (soil fertility and 

microclimate improvement, soil 

and water conservation, weed and 

pest management, conservation of 

biodiversity, environmental 

protection, food security and 

poverty alleviation) and negative 

(shading effect, competition for 

resource, such as water, nutrients, 

rain, light, and allelopathy) effects 

of agroforestry systems 

0.64 38 36–41 10, 50 

Diversity of 

agroforestry 

species 

1 
Number of different agroforestry 

species on farm 
- 5 3–5 1, 5 

Agroforestry 

practices 
1 

Which crops and how to combine 

with trees in agroforestry system so 

as to reduce negative effects 

- 3 1–5 1, 5 

Management of 

livestock 
6 

Different animal types reared; 

benefits and utilities of animal 

rearing (source of income and 

manure for fertilization, indicators 

of wealth, traction for tillage and 

transportation) 

0.67 26 24–28 6, 30 

Current farming systems 

Crop-tree-

livestock 

systems 

1 
Involvement in  

crop-tree-livestock systems 
- 5 4–5 1, 5 

Agroforestry 

systems 
1 

Involvement in  

agroforestry systems 
- 1 1–3 1, 5 

Crop-livestock 

systems 
1 

Involvement in  

crop-livestock systems 
- 1 1-1 1, 5 

Pastoralism 1 Involvement in pastoral systems - 1 1-1 1, 5 

Farmers’ intention about diversified farming systems 

Crop-tree-

livestock 

systems 

1 

Intention to be involved in  

crop-tree-livestock systems  

in the future 

- 5 5-5 1, 5 

Agroforestry 

systems 
1 

Intention to be involved in 

agroforestry systems in the future 
- 1 1–3 1, 5 

Crop-livestock 

systems 
1 

Intention to be involved in  

crop-livestock systems  

in the future 

- 1 1-1 1, 5 

Pastoralism 1 
Intention to be involved in pastoral 

systems in the future 
- 1 1-1 1, 5 

a Range refers to the possible scores for each construct. 
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2.4. Data Analysis 

To test the reliability and internal consistency of multiple item constructs, we calculated Cronbach’s 

alpha (α) [33] using the package psych [34] in R software Version 3.0.2 [35]. It determines the internal 

consistency or average correlation of items in a survey instrument and is used to gauge its reliability. 

Cronbach’s α coefficient ranged from 0.56 to 0.67, indicating acceptable reliability of the multiple item 

constructs (Table 3). We used generalized linear models with Poisson error structure [36] to test if 

farmers’ knowledge of crop diversity management, agroforestry systems, diversity of agroforestry 

species, agroforestry practices and management of livestock resources (each of these was considered as 

a dependent variable) is affected by sociolinguistic membership, age, land tenure and the ecological 

region in which farmer operates (independent variables). To test if farming systems adopted by farmers 

(each option considered as a dependent variable) and if farmers’ intention to implement these systems 

in the future (intention to implement each option considered as dependent variable) varied among 

sociolinguistic groups, age categories, land tenure and the ecological region in which farmer operates, 

we used generalized linear models with a Poisson error structure. We used Kendall’s rank correlation τ 

to test bivariate association between farmers’ knowledge and their current farming systems and between 

current farming systems and farmers’ willingness to implement various farming systems in the future 

(i.e., intention towards various farming systems in the future). 

3. Results 

3.1. Variation in Farmers’ Knowledge of Agrobiodiversity Management 

Farmers’ knowledge of crop diversity management was not significantly different between ecological 

regions and was not influenced by sociolinguistic membership, age or land tenure (Table 4). Ninety three 

percent of farmers interviewed practiced intercropping and mixed cropping, while crop rotation was 

practiced by 94% of them. According to 84% of participants, crop diversification in cropping systems 

through intercropping and mixed cropping is a food security strategy. For instance, 90% of them 

cultivated at least one cereal, root and tuber, legume and vegetable crop in each cropping season. 

Furthermore, 89% of farmers interviewed indicated that, if adequately designed and applied, crop 

rotation could improve soil fertility and increase crop yield. However, farmers’ knowledge of agroforestry 

systems was significantly different between ecological regions (Z = 2.484, p < 0.05) and sociolinguistic 

groups (Z = 2.065, p < 0.05), though not significantly influenced by their age or land tenure (Table 4). 

Farmers from Nagot and Fulani sociolinguistic groups in the sub-humid area had the highest knowledge 

score for agroforestry systems. These farmers were more knowledgeable about the positive (e.g., soil 

fertility and microclimate improvement, soil and water conservation, conservation of biodiversity, food 

security and poverty alleviation) and negative (e.g., shading effect, competition for resource) effects of 

agroforestry systems compared to their counterparts. The diversity of agroforestry species on the farm 

varied significantly between ecological regions (Z = −4.537, p < 0.001) and was affected by sociolinguistic 

membership (Z = −2.910, p < 0.01) and land tenure (Z = −3.674, p < 0.001), but not by age. Farmers 

from Ditamari and M’Bermé sociolinguistic groups in the semi-arid area and landowners had the highest 

number of agroforestry species on the farm (on average, five different species). Farmers’ knowledge 

of agroforestry practices was significantly different between ecological regions (Z = −2.007, p < 0.01) and 
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sociolinguistic groups (Z = −2.239, p < 0.05), but was not significantly influenced by their age or land 

tenure. Ditamari and M’Bermé farmers in the semi-arid area were most knowledgeable about which crops 

and how to combine with trees in agroforestry systems, so as to reduce negative effects. Similarly, 

farmers’ knowledge of management of livestock resources was only influenced by sociolinguistic 

membership (Z = −2.297, p < 0.05). Farmers from the Fulani sociolinguistic group had the highest mean 

score for livestock management. 

Table 4. Results of generalized linear models testing the effect of ecological region, ethnic 

affiliation, age and land tenure on farmers’ knowledge of the management of crop diversity  

in cropping systems, agroforestry systems, diversity of agroforestry species, agroforestry 

practices and management of livestock resources. 

 
Management of 

Crop Diversity 

Agroforestry 

Systems 

Diversity of 

Agroforestry Species 

Agroforestry 

Practices 

Management of 

Livestock Resources 

 z-value p z-value p z-value p z-value p z-value p 

Region −0.849 0.396 2.484 0.013 −4.537 <0.001 −2.007 0.002 −1.887 0.059 

Ethnicity −0.974 0.330 2.065 0.039 −2.910 0.003 −2.239 0.025 −2.297 0.021 

Age 1.280 0.201 0.863 0.388 1.647 0.099 1.286 0.198 1.305 0.192 

Land 

tenure 
−0.495 0.621 1.115 0.265 −3.674 <0.001 −1.19 0.234 −1.318 0.187 

3.2. Difference in Current Farming Systems and Farmer’s Intention for the Future 

The current implementation of crop-tree-livestock systems was significantly affected by land tenure 

(Z = −3.925, p < 0.001), ecological region (Z = −4.905, p < 0.001) and their sociolinguistic group  

(Z = −4.294, p < 0.001), but did not vary significantly according to their age (Table 5). Ninety-four percent 

of participants in the semi-arid area strongly agreed that their farming systems integrate crops, trees and 

livestock breeding, while in the sub-humid area, it was only 36% of participants. Furthermore, 32% of 

farmers interviewed in the sub-humid area strongly disagreed. Farmers from Ditamari and M’Bermé 

sociolinguistic groups in the semi-arid area who were landowners (see Table 2) were currently more 

involved in crop-tree-livestock systems than farmers from the other groups. Similarly, adoption of 

agroforestry systems was significantly affected by ecological region (Z = 6.280, p < 0.001), 

sociolinguistic membership (Z = 5.612, p < 0.001) and land tenure (Z = 3.927, p < 0.001), but did not vary 

significantly with their age (Z = −1.531, p = 0.126). Thirty-seven percent of farmers interviewed in the 

sub-humid area agreed that they were involved in agroforestry systems, while in the semi-arid area, only 

2% agreed and 89% of them strongly disagreed. Farmers from Lokpa and Nagot sociolinguistic groups in 

the sub-humid area and tenants (who were mainly migrant farmers from Ditamari and M’Bermé 

sociolinguistic groups, but living in the sub-humid area) were currently more involved in agroforestry 

systems. However, farmers’ involvement in crop-livestock systems and pastoralism was not significantly 

affected by land tenure, age, the ecological region and sociolinguistic group to which they belong (Table 5). 
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Table 5. Results of generalized linear models testing the effect of ecological region, ethnic 

affiliation, age and land tenure on current farming systems. 

 
Crop-Tree-

Livestock Systems 
Agroforestry 

Systems 
Crop-Livestock 

Systems 
Pastoralism 

 z-value p z-value p z-value p z-value p 
Region −4.905 <0.001 6.280 <0.001 −0.916 0.359 0.074 0.941 

Ethnicity −4.294 <0.001 5.612 <0.001 −0.588 0.556 −0.044 0.965 
Age 0.810 0.418 −1.531 0.126 −0.471 0.638 −0.165 0.869 
Land 
tenure 

−3.925 <0.001 3.927 <0.001 −0.541 0.588 −0.280 0.78 

Farmers were equally willing to consider the adoption of crop-tree-livestock systems regardless of 

the ecological region where they operated, their sociolinguistic group, age or land tenure (Table 6). 

Furthermore, farmers’ intention to adopt crop-tree-livestock systems in the future received a higher mean 

score compared to other farming systems. Indeed 90% of farmers interviewed stated that they strongly 

intended to integrate crops, trees and animal breeding in their farming systems in the future. However, 

intention to adopt agroforestry systems was significantly affected by the ecological region where farmers 

operated (Z = 6.488, p < 0.001), sociolinguistic membership (Z = 5.875, p < 0.001) and land tenure  

(Z = 4.764, p < 0.001). Forty-three percent of farmers interviewed in the sub-humid area stated that they 

intended to adopt agroforestry systems in the future. Lokpa and Nagot farmers from the sub-humid area 

and tenants (who were actually migrant farmers from Ditamari and M’Bermé sociolinguistic groups, but 

living in the sub-humid area) were more willing to adopt agroforestry systems in the future. Farmers’ 

intention to adopt crop-livestock systems was not significantly influenced by ecological region, 

sociolinguistic membership, land tenure or age (Table 5). Farmers’ intention to adopt pastoralism was 

not significantly influenced by ecological region, land tenure or age (Table 5), but varied significantly 

according to sociolinguistic membership (Z = 2.246, p < 0.05). Fulani farmers were more willing to 

adopt pastoralism. 

Table 6. Results of generalized linear models testing the effect of ecological region, ethnic 

affiliation, age and land tenure on farmers’ intention in the future. 

 
Crop-Tree-

Livestock Systems 
Agroforestry 

Systems 
Crop-Livestock Systems Pastoralism 

 z-value p z-value p z-value p z-value p 
Region −0.746 0.456 6.488 <0.001 0.622 0.534 0.362 0.718 

Ethnicity −0.947 0.344 5.875 <0.001 0.839 0.402 2.246 0.0247 
Age 0.224 0.823 −0.751 0.453 −1.241 0.215 0.351 0.726 
Land 
tenure 

−0.914 0.36 4.764 <0.001 1.984 0.0472 0.595 0.552 

3.3. Farmers’ Knowledge of Agrobiodiversity Management and Current Farming Systems 

Farmers’ knowledge of agrobiodiversity management was significantly correlated with the adoption 

of crop-tree-livestock systems and agroforestry systems, respectively (Figure 2). The other correlations 
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were not significant (Figure 2). Farmers’ knowledge of crop diversity management in cropping systems was 

positively correlated with involvement in crop-tree-livestock systems (τ = 0.21, p < 0.001), but negatively 

correlated with the adoption of agroforestry systems (τ = −0.19, p < 0.001), although these correlations 

were weak. The diversity of agroforestry species on the farm was positively correlated with involvement 

in crop-tree-livestock systems (τ = 0.54, p < 0.001), but negatively correlated with the adoption of 

agroforestry systems (τ = −0.41, p < 0.001). Farmers’ knowledge of livestock management was positively 

correlated with involvement in crop-tree-livestock systems (τ = 0.46, p < 0.001), but negatively correlated 

with the adoption of agroforestry systems (τ = −0.39, p < 0.001). 

3.4. Current Farming Systems and Farmer’s Intention for the Future 

Farmers who were already involved in crop-tree-livestock systems were more willing to apply them 

in the future (τ = 0.41, p < 0.001, Figure 1), but did not intend to adopt agroforestry systems in the 

future (τ = −0.66, p < 0.001, Figure 2). This indicates that farmers that are harnessing crop diversity,  

tree diversity and livestock resources (three components of agrobiodiversity) through an integrated  

crop-tree-livestock systems do not want or strongly disagree to abandon animal breeding in the future 

and rely only on crop and tree diversity. Farmers who currently used agroforestry systems were strongly 

willing to maintain this system in the future (τ = 0.79, p < 0.001), but were not willing to apply  

crop-tree-livestock systems in the future (τ = −0.39, p < 0.001). Farmers whose current farming system 

integrates crop diversity and livestock resources were willing to maintain this system in the future  

(p < 0.01), although this correlation is weak (τ = 0.19). Pastoralists were not willing to maintain this 

livelihood system in the future (τ = −0.02, p = 0.793), indicating that they are willing to include crop 

diversity, tree resources or both in their production and livelihood systems. 

 

Figure 2. Correlation between farmers’ knowledge and current farming systems and 

between current and future farming systems. *** p < 0.001; ** p < 0.01. 
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4. Discussion 

4.1. Drivers of Farmers’ Knowledge of Agrobiodiversity Management in Agroecosystems 

This study investigated farmers’ knowledge of agrobiodiversity management and analyzed their 

willingness to adopt diversified farming systems, which integrate crop diversity, trees and animal 

resources in sub-humid and semi-arid areas of Benin. We found that farmers’ knowledge was 

influenced by the ecological contexts in which they were living, sociolinguistic membership and 

socio-demographic factors. These results are consistent with previous findings on the drivers of local 

ecological knowledge [37–40]. However, similarly to Gaoue and Ticktin [38], we did not find 

significant support for age-dependent agroecological knowledge. Farmers’ knowledge of crop diversity 

management was not affected by ecological differences between regions, farmers’ sociolinguistic 

membership or land tenure. This indicated that farmers harness crop diversity in sub-humid and  

semi-arid region in a similar way regardless of their sociolinguistic membership. Indeed, there was no 

significant difference between the two areas regarding the cultivated species richness [28]. Population 

migration might play a role in the homogenization of farmers’ knowledge of crop diversity management 

between the two areas. 

Farmers’ knowledge of on farm tree resources management was influenced by ecological differences 

between regions and sociolinguistic membership. Nagot and Fulani farmers from the Sudano-Guinean 

area had a higher mean knowledge score of agroforestry systems than farmers from the semi-arid 

Sudanian area. This suggest that farmers from the sub-humid Sudano-Guinean area were more 

knowledgeable of the ecosystem services and environmental benefits offered by agroforestry systems, 

including non-timber forest products (NTFPs) provisions, soil fertility improvement, soil and water 

conservation, biodiversity conservation, environmental protection by maintaining ecological stability 

and climate change mitigation through carbon sequestration on the farm [41–43], compared to their 

counterpart from the semi-arid Sudanian area. This may explain why farmers living in the Sudano-Guinean 

region were more involved in and more willing to adopt agroforestry systems. The ecosystem services 

and functions provided by agroforestry systems are at the center of the local ecological knowledge 

guiding the management options of the farmers [44]. However, the reverse was observed for 

knowledge of agroforestry practices. Ditamari and M’Bermé farmers from the semi-arid area had 

the highest knowledge score for agroforestry practices. That is, knowledge related to which crops to 

combine with tree species, how to combine species in agroforestry system and knowledge related to 

management techniques, so as to reduce negative effects (e.g., shading effect, competition for 

resources, such as water, nutrients, rain and light, and allelopathy [45,46]), are better handled by 

farmers of the semi-arid area. In addition, farmers in the semi-arid area had more agroforestry species 

on their farms than those in the sub-humid Sudano-Guinean region, although floristic diversity is known 

to be higher in Sudano-Guinean region than the Sudanian one [28,47,48]. This is consistent with the findings 

by Assogbadjo et al. [49] that traditional agroforestry systems in the Sudanian region of Benin are more 

diversified in terms of species richness than in the Sudano-Guinean region. This is due to the fact that 

farmers keep more tree species on the farm in the semi-arid Sudanian zone as an insurance policy against 

uncertainty in climate and food shortage. Similarly, Schroth and Ruf [50] highlighted the importance of 

tree species diversification on the farm as a means to reduce farmers’ vulnerability to environmental shocks. 



Sustainability 2015, 7 6585 

 

 

For instance, to cope with the effects of wind erosion, farmers in semi-arid West Africa developed and 

used various methods of integrating shrubs, trees and herbaceous vegetation in the cultivation systems [51].  

Our study emphasizes the critical role of agroforestry systems in buffering climate risk [44]. Our 

results also highlighted the impact of sociolinguistic membership in the valuation NTFPs species (of 

which many are agroforestry species) [37,40,52–54]. However, not only cultural differences, but also 

environmental conditions, such as geographical contexts, might play a role in the use and the valuation 

of plant species by local communities [24,28,47]. The similarity exhibited between the Ditamari and 

M’Bermé may be explained by the fact that these two sociolinguistic groups have high linguistic and 

cultural affinities. They formed with other minor sociolinguistic groups the Otamari and related sociolinguistic 

groups [22]. Because Ditamari and M’Bermé sociolinguistic groups live in the Atacora region (a stony 

and mountainous environment in the northwestern part of Benin), they faced land shortage [23]. 

Consequently, they retained and valued agroforestry species more than other groups. Land tenure 

affected farmers’ practice of tree diversity conservation on the farm. Farmers who own their land had a 

higher number of agroforestry species on their farm compared to tenant farmers. In fact, in Benin, as 

well as in many West African countries, planting a tree on a land is an indication of land ownership [55,56]. 

Thus, tenant farmers are not allowed to plant trees on their farms. 

Farmers’ knowledge of livestock management was influenced by sociolinguistic membership. Fulani, 

who are traditionally pastoralists, have the highest knowledge score. Unlike the other sociolinguistic 

groups, Fulani are very dependent on livestock for cultural and economic wealth, even though trees 

provide them a significant income through NTFPs [57]. The Fulani have detailed ecological knowledge 

of important tree species useful for their lifestyle (e.g., Khaya senegalensis), which is not always 

translated into sustainable practices [38]. 

4.2. Linking the Current with the Future Farming Contexts: Implications for Research  

and Development 

Our results showed that farmers in sub-humid and semi-arid areas of Benin were involved in different 

forms of diversified farming systems. However, their implementation varied according to ecological 

region, sociolinguistic and socioeconomic factors. Evidence that farmers from the semi-arid Sudanian 

area and particularly Ditamari and M’Bermé were more involved in crop-tree-livestock systems may be 

explained by the fact that these farmers are living in harsh environmental conditions (e.g., droughts, 

rainfall variability in space and time, land degradation), lack of land access, food shortage and food 

insecurity; therefore, harnessing of agrobiodiversity through crop diversity, trees and livestock resources 

integration can be seen as adaptation and resiliency strategies that allow these farmers to cope with the 

severe environmental conditions. Results also indicated that there is, on the one hand, a strong positive 

correlation between the implementation of crop-tree-livestock systems in the present and the intention 

to do it in the future, and on the other hand, a strong negative correlation between the implementation of 

crop-tree-livestock systems and intention to adopt agroforestry systems. Furthermore, the implementation of 

crop-tree-livestock systems was significantly and positively correlated with farmers’ knowledge of 

agrobiodiversity (crops, trees and animal species) management. These results highlighted the critical role 

of farmers’ ecological knowledge in managing natural resources and local environment [51,58] and in 

enhancing the social-ecological resilience to hazards [59,60].  
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Farmers’ intention to apply crop-tree-livestock systems was not affected by ecological region, ethnic 

affiliation, age or land tenure. Here is a good signal from farmers for reaching more environmental-friendly 

farming systems regardless of ecological contexts, sociolinguistic attributes and socio-demographic 

factors. Although farmers intend to move towards diversified systems regardless of the drivers tested in 

this study, intervention strategies to improve productivity and conserve natural resources should be 

different and tailored according to regions. Indeed, farmers from the semi-arid area were more involved 

in crop-tree-livestock systems, while farmers from the sub-humid area were currently more involved in 

agroforestry systems and intended to maintain this in the future. Therefore, the entry point in the sub-

humid area should be the agroforestry option, while in the semi-arid area, crop-tree-livestock systems 

should be promoted and strengthened. There is therefore a need to improve traditional agroforestry systems, 

so as to preserve their multi-functionality and environmental benefits provided to smallholder farmers. 

Research and development interventions should aim, among others, at strengthening integrated  

crop-livestock systems as a strategic entry point for achieving future food security and environmental 

sustainability [61]. National and regional conducive policies should take this into account, so as to efficiently 

support the implementation of more environmental-friendly farming systems in Benin, as well as in West 

African dry savanna zones. 

Our results highlight the crucial role of farmers’ knowledge in diversified farming systems or more 

environmental-friendly farming systems. As shown by Eilola et al. [62], farmers’ local agroecological 

knowledge is critical for identifying potential management improvements to achieve healthy agroecosystems. 

Similarly, building on farmers’ knowledge and traditional local technologies, Lahmar et al. [63] 

developed alternative and tailored conservation agriculture technologies for West African semi-arid 

zones. We argued for a more farmer-centered approach in research and development policies in which 

farmers’ agroecological knowledge is recognized and effectively used. Sustainable or resource-conserving 

practices developed by farmers in less favorable areas need to be strengthened and supported and also 

promoted in more favorable areas, so as to preserve agroecosystems and natural resources for upcoming 

generations [28]. Training and capacity building on healthy agroecosystems and sustainable production 

practices are required to improve productivity and conserve natural resources in sub-humid and semi-arid 

areas. Many participatory approaches can be used, including the farmer-field-school (FFS) approach and 

information and communication technologies (ICT) tools. For instance, FFS methods have been used to 

enhance farmer’s knowledge of sustainable practices of chili cultivation and improve farmer 

cohesiveness and information sharing [64]. ITC tools, such as farmer-to-farmer videos, have great potential 

to enhance sustainable agriculture by encouraging local innovations [65]. Videos are cross-cultural 

diffusion tools that can help share knowledge between cultures [66]. Using videos can have more impact 

than conventional training, such as workshops, since they reach more farmers [67]. Moreover, an 

agricultural innovation platform can be used as a way of bringing farmers of the two areas together to 

enable knowledge exchange and learning from one another, so as to foster innovations based on their 

knowledge. Indeed, innovation platforms provide the social space in which opportunities can be created, 

tested and transformed into changes in institutional regimes [68]. 

In this paper, we quantified farmers’ knowledge of agrobiodiversity management and their perceptions 

and intentions regarding different farming systems. The next step is to evaluate the performance (e.g., 

ecological, economic and social) of the most desired farming systems, namely crop-tree-livestock systems 

and agroforestry systems. Achieving this is methodologically challenging, especially the study of  
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crop-tree-livestock interactions in smallholders’ farming systems [44]. A system approach involving a 

co-innovation process, between farmers and researchers, that combines characterization, diagnosis and 

redesign of farming systems, social learning and dynamic monitoring and evaluation [69] can be a 

promising approach. Furthermore, the method employed did not account for farmers’ source of knowledge 

and the effect of farmers’ social networks on knowledge scores. Actually, social networks have been 

shown to play an important role in information acquisition and adoption of resource-conserving 

agriculture [70], in enhancing the adoption of natural resource management practices [71] and in shaping 

crop diversity among farmers [72]. Therefore, further investigations are required to better understand 

how social networks shape farmers’ ecological knowledge and intention towards diversified farming 

systems. Our measure of farmers’ intention regarding diversified farming systems in the future might be 

affected by a ‘wish to please’ behavior, which might obscure their true intention. However, constraints 

on real adoption did not affect these results, since farmers were already involved in diversified farming 

systems (e.g., 65% of farmers interviewed were involved in integrated crop-tree-livestock systems). 

5. Conclusions 

In conclusion, this paper illustrated spatio-temporal dynamics in farmers’ knowledge of agrobiodiversity 

management and famers’ intention to improve their farming systems towards more diversified farming 

systems in sub-humid and semi-arid areas of Benin. We found that: (i) drivers of farmers’ knowledge of 

agrobiodiversity management and current farming systems include ecological contexts, sociolinguistic 

attributes and land tenure; (ii) farmer’s knowledge of agrobiodiversity management is correlated with 

involvement in crop-tree-livestock systems and agroforestry systems; and (iii) farmer’s intention to 

upgrade to crop-tree-livestock integrated systems is independent of ecological regions, ethnicity and 

socioeconomic factors, such as land tenure. These findings are crucial for policy orientations and research 

and development to efficiently support the implementation of more environmental-friendly farming 

systems in Benin, as well as in West African dry savanna zones. More investigations are needed to better 

understand how social networks can shape farmers’ ecological knowledge of agrobiodiversity management, 

the adoption of more environmental-friendly farming systems and how their knowledge is transmitted 

through generations. 
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