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Abstract: Slash-and-burn and shifting cultivation systems lead to the deforestation, soil degradation and
depletion in Sub-Saharan Africa. Sedentary yam-based cropping systems with herbaceous legumes are
promoted in Benin. Crop rotations with herbaceous legumes are of interest in Sub-Saharan Africa because
improving the soil fertility where long-fallows are no longer feasible. This study investigate the adoption of yam
in rotation with the mixed intercropping Mucuna pruriens var utilis and maize in the Guinea-Sudan zone of
Benin. Results from logistic regression analysis suggeste that contact with researchers and extension workers,
population density in zone, credit service, gender, land, farm household and livestock sizes were identified as
major discriminating factors. The adoption was more significant in the area with denser population. It was also
more significant in Research and Development sites. Women, who have little land rights, were more prone to
adopt yam-based cropping with Mucuna than men. In addition, the study highlights advantages, constraints,
adaptations of technology and implications for the international applications.

Key words: Adaptation  Adoption  Constraints  Herbaceous legume  Logit Mucuna pruriens var
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INTRODUCTION it yields about 10 metric tons of fresh tuber/hectare/year

Yam (Dioscorea spp.) is a tuber crop that is widely most important species, can reach 60 to 75 metric tons per
cultivated in the humid and sub-humid lowland regions of hectare and per year [5, 6].
West Africa and the Caribbean [1]. More than 90% of Benin is the world’s fourth ranking producer, after
world yam production (40 million metric tons of fresh Nigeria, Côte d’Ivoire and Ghana. Yam production
tubers/year) comes from West Africa [2] and especially increased from 1 285 858 tons on an estimated 117 255 ha
from the countries located between Ivory Coast and harvested  area  in 1995 to 1 802 944 tons in 2008 on 204
Nigeria [3]. Traditionally, yam is cultivated as a pioneer 683 ha [7]. This 40% increase in production was obtained
crop after forest or after a long fallow. In these conditions, thanks to a 74% increase in land under yam, indicating

[4]. However, the potential yield of D. alata, one of the
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that intensification was limited. Smallholder farmers grow Guinea-Sudan zone of Benin, the yam-based systems
yam. Nowadays in Benin, it is impossible for farmers to recommended to farmers and the process of diffusion and
practice long fallow periods and yam is cultivated  in  1  or adoption implemented. In section 2 we describe the
2-year herbaceous fallow–yam or maize-yam rotations survey methodology and adoption model used for
with manual incorporation of residues into the soil. assessment. In sections 3 and 4, results are exposed and

With the aim of designing more sustainable yam discussed.
cropping systems, the agronomic research organization in
Benin implemented alternative systems including MATERIALS AND METHODS
herbaceous legumes (Mucuna pruriens var utilis). On the
basis of the results of this on-farm research, yam based Study Area: The study was carried out in the Guinea-
systems including herbaceous legume with Mucuna were Sudan transition zone of Benin in a low (Savalou, Bantè,
diffused. Savè  and  Ouessè)  and  in denser population zone

Very few practical results are currently available on (Dassa-Zoumè, Glazoué). This area lies between the
sedentary yam-based cropping systems with herbaceous latitudes 7°45 ' and 8°40' North and longitudes 2°20 ' and
legumes in western Africa. However, in the past decade, 2°35  ' East.  The  climate  is the transitional climatic
the beneficial effect of Mucuna as a green manure and as Guinea-Sudan type with a gradient from bimodal to
a short-duration fallow has been intensively demonstrated monomodal rainfall distribution from the south and the
in West Africa, on maize for example [8, 9]. Legumes north of Benin respectively. Annual rainfall in the study
improve soil fertility thanks to their ability to fix N  and to area varies from 1, 100 mm to 1, 200 mm with unequal2

produce N-rich residues that can be returned to the soil distribution [15].
[10]. Nitrogen fixation can help provide a growing The soils are plinthosols and luvisols. The soil
population with a nutritious, environmentally friendly, physical properties vary according to their clay content
sustainable food supply. In Benin, preliminary studies [16]. Vegetation is a degraded woody savannah type.
revealed a positive effect of herbaceous legumes on yam Maize, yam, cassava and groundnut are annual cropping
yield and an income increase for smallholders [11, 12]. systems and the cash crops are cotton and soybean. 

With the aim of designing more sustainable yam
cropping systems, the agronomic research organization in Yam-Based Systems in Rotation with the Mixed
Benin implemented alternative systems including Intercropping Mucuna pruriens Var Utilis and Maize:
herbaceous legumes (Mucuna pruriens var utilis). On the
basis of the results of this on-farm research, yam-based
systems in rotation with the mixed intercropping Mucuna
pruriens var utilis and maize were diffused in the Guinea-
Sudan zone of Benin. However, studies on the adoption
of the technology in a Small-Scale Food Production
System are lacking.

It is generally agreed that farmers adopt an
innovation if they expect it to contribute to better
achieving their goals with, which may include economic,
social  and  environmental  aspects, while considering
risk-related issues at the same time [13, 14]. In this paper,
we intend to identify factors that may explain the adoption
of yam-based systems that use herbaceous legume with
Mucuna for soil conservation and sustainable yam
production. We explore several demographic or
institutional factors in view of providing relevant pointers
for more effective and efficient public policies as regards
the dissemination of yam-based systems including the
mixed intercropping Mucuna and maize for sustainable
production. In section 1, we present the study area in the

The itinerary of the yam in rotation with the mixed
intercropping Mucuna pruriens var utilis and maize
(TMM) is as follows: smallholder farmers planted maize
(spacing 80 × 40 cm) in April of the first year. M. pruriens
seeds (25 kg ha ) were sown at (spacing 80 × 40 cm) in1

May six weeks after the maize. In the improved yam-based
system (TMM), smallholder farmers applied or no on
maize 100 kg ha  NPK fertilizer (14% N, 10% P, 11.7% K)1

in April and 50 kg ha  urea (46% N) in June. The maize1

was harvested in July. The grainless M. pruriens crops
were mowed 140 days after planting. Organic matter was
incorporated in moulds in October and then yam was
planted directly on these mounds, without mineral
fertilization.

Process of Diffusion and Adoption of Innovations:
Herbaceous legume such as Mucuna pruriens var utilis
was introduced in 1990 in the Guinea-Sudan zone of Benin
to improve farming systems. The technology was
transferred to smallholder farmers by way of participatory
training,  farmer  field  schools  (FFS)  and  visits   in  close
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Fig. 1: Annual cycle of Research and Development (R&D) for yam in rotation with the mixed intercropping Mucuna
pruriens var utilis and maize in the Guinea-Sudan zone of Benin

partnership with extension workers. The results of After fine-tuning of the technologies, a manual is drafted
research are presented in the framework of village in a multi-field and multiinstitutional approach in
restitution.  Successful  outcomes observed by each collaboration with farmers, researchers and the extension
farmer in a particular field help to increase participation by structures. The document proposes a technical road map
the remaining farmers. Field training and visits are with illustrations, comments and discussion of the
organized to document different points of view by economic issues. This technical and economic reference
farmers, extension workers and researchers. A scientific (RTE) was produced for farmers, agricultural
workshop is organized for researchers from the National professionals, extension workers and researchers for the
Agricultural Research System (SNRA), who present and dissemination and promotion of the technology.
discuss the results of their research [17] (Fig. 1). Major
research findings are communicated to the Regional Survey Methodology and Model of Adoption
Research and Development Committee (CRRD), the main Theoretical Model of Adoption: The dependent variable,
link in the agricultural research management cycle in adoption of soil conservation innovation with the mixed
Benin. Some 50% of farmers and end users of the intercropping Mucuna pruriens var utilis and maize for
technologies are members of the CRRD, the remaining subsequent yam, is dichotomized by assigning a value of
50% being researchers, intermediate users such as the one if a farmer is an adopter and zero otherwise. Because
Regional Centre for Agricultural Development (CeRPA), the dependent variable is dichotomous, the regression is
NGOs, development  partners  and  political  decision non-linear in form and ordinary least squares will not
makers. The research results are presented in simple and provide useful estimators [18]. Instead a dichotomous
accessible form during the forum and are discussed with logistic model technique is used to regress adoption on a
the participation of farmers. The CRRD forum can transfer set of explanatory variables. Many studies have used the
the best and most affordable results in terms of technical logistic analysis approach to examine similar issues in
and economic performance to extension services for various geographical regions and for different
widespread  promotion  of  the adopted technologies. technologies [19, 20, 21].
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(1) where ASE is the asymptotic standard error and z is the

where  unobservable variable, but determined by the of freedom.
dummy variable y defined by. The magnitude of changes in the probability of

(2) adoption as the regressor changes is best captured by the

y = 0 otherwise explanatory variable. Following [23], we denote the

From equations (1) and (2), the probability that y = 1 and one. Substituting A(-) as the standard logit in
a particular farmer will adopt soil conservation equation (3), we find the marginal effects of the regressors
innovations with the mixed intercropping Mucuna and on the probability as:
maize for increasing yam productivity is:

(3)
The derivatives of the likelihood estimates of the

and the probability that y = 0 that the farmers will not coefficients yield the probability of being in one of the
adopt, is: dichotomous groups, an adopter or non-adopter. This will

(4) independent variables. However, the change in the
probability can be expressed in percentage change by

where in equation (3) and (4), F is the cumulative multiplying with 100.
distribution function. We assume that u is independent of
X, the vector of characteristics associated with The equation used to estimate the parameters is:
smallholder farmers and has a standard logistic
distribution (Wooldridge, 2000) and  is the vector of
estimated coefficients. A combination of equations (1)
and (2), yields the probability that a smallholder farmer will Socioeconomic Analysis: Empirical Model of Adoption:
adopt the technology as: Choice of Sites: The choice concerned the Research and

(5) generated and off R&D sites, implying certain

and the likelihood (Maddala, 1983) is: high and low population density zones (Table 1).

(6) the “third population census” [24] and other relevant

The confidence interval is another goodness-of-fit “Collines Department” were also used. Total sample of
measure. After estimating the âs, confidence intervals 306 farm households in six districts of the “Collines
(CI), a statistical inference for the model parameters can be Department” in the study area were surveyed including
performed to help judge the magnitude of the significance 25% and 75% of the sample for the R&D and off R&D
[22]. A confidence interval only has the specified sites respectively. In each village, sampling was
probability of containing the parameter if the sample data conducted along a transect that accounted for agro-
on which it is based is the only information available ecological diversity with the aim of including maximum
about the value of the parameter by using the formula in possible of variability. This made it possible to calculate
equation (7). the total number of yam smallholders in the study area

(7) village for the survey.

/2 critical value from a t- distribution with (n/k) degrees

marginal effect, usually evaluated at its mean of the

logistic cumulative function by A(-) which is between zero

A(1–A) (8)

give the measure of strength of response for the

Development (R&D) sites where the systems were

heterogeneity in the agro-ecological, socioeconomic and
cultural level [24]. Districts were located in the relatively

To establish the base of the survey, the results from

documents were analyzed [25]. Statistical data concerning
the yam smallholder farmers from several villages in the

and the number of yam smallholder farmers in each site or
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Table 1: Sampling size for individual survey in the Guinea-Sudan zone of Benin

Zone Site Commune Household sampling size Percentage per site(%)

Low population density zone R&D site Ouessè 36 12

Off R&D site Savè 21

Ouessè 40

Savalou 39

Bantè 50 49

Relatively high population density zone R-D site Dassa 20

Glazoué 19 13

Off R&D site Dassa 41

Glazoué 40 26

Total 306 100

Legend: N: Sampling size of farm households for the survey; R&D site: Research and Development site where yam based-systems with herbaceous legumes

were promoted; Off R&D site

Twenty-seven villages investigated in different Communes according to R&D and Off R&D sites are as follows:

Table 2: Statistical description of adoption factors in the study zone in the Guinea-Sudan zone of Benin (n = 306 farm household surveyed)

Acronym of variable Description of variable and value Mean Standard deviation

ZONE Demographic zone/population density (1=yes; 0=no) 0.39 0.49

SUPDISP Household land surface available per ha 8.25 7.61

SEXE/GENDER Male or female (1=yes; 0=no) 0.82 0.38

NBOUCH Household’ size 7.63 4.88

FTRAV Household’ labor size 2.66 2.39

ORIGIN Owner status: indigenous or immigrant (1=yes; 0=no) 0.83 0.38

CONTACT Contact with the change agents (1=yes; 0=no) 0.59 0.49

CREDIT Access to credit (1=yes; 0=no) 0.06 0.24

NIVELEV Livestock size (sheep, goat and cow) 4.53 12.05

Legend:

ZONE: population density in zone; SUPDISP: land surface available in farm household, GENDER: sex (male or female) of the smallholder farmer; NBOUCH:

Farm household size; FTRAV labour force within the households; ORIGIN: owner status (indigenous or immigrant); CONTACT: smallholder farmers’

contacts with the research or extension workers; CREDIT: formal financial credit for inputs; NIVELEV: livestock size.

Survey: Twenty-seven villages in the “Collines Justifications,  methods,  and  predicted  signs for
Department” with low and relatively high population each independent variable in the models are discussed
densities were surveyed including adopters and non- (Table 2).
adopters (never adopted and disadopter) of yam-based The variable ZONE expresses the geographical
cropping system in rotation with the mixed intercropping diversity of social, cultural and ecological constraints
Mucuna and maize. linked with demography, land pressure and, as a

A checklist was used for the socio-economic consequence, soil degradation [26, 27]. In zones where
investigations and data collection at the level of the farm soils are degraded, smallholders could be more inclined to
household. Fifty explanatory variables were considered adopt new systems. This variable takes value 1 in denser
for the study. Out of fifty explanatory variables, nine population zone and 0 otherwise. SUPDISP is the land
independent variables more meaningful were selected with availability for yam cropping systems. Land security is
the correlation analysis and included in the model. ZONE useful for the soil fertility investment. Land availability
(population density in zone), SUPDISP (land availability), could lead farmers to clear new woody fallow for yam
GENDER (sex), NBOUCH (Farm household size), FTRAV production (traditional shifting cultivation system) versus
(labour availability), ORIGIN (owner status: indigenous or improved yam-based systems in rotation with the mixed
immigrant), CONTACT (contacts with external services for intercropping Mucuna and maize. A negative sign is
advice), CREDIT (formal financial credit), NIVELEV expected for this variable. GENDER is the variable sex.
(livestock size). Many studies were carried out on gender analysis about
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new technologies [28-31]. Generally, unfavourable land pruriens Var Utilis and Maize: Adoption of yam in
status attributed for women could be prejudicial for
adoption of innovative technologies. GENDER is a
dummy variable which takes value 1 for men and 0
otherwise. NBOUCH is the farm household size supposed
positively correlated to the adoption of new technologies.
FTRAV is the variable relative to household labour
availability. Importance of labour for adoption of new
technologies is reported [32, 33]. This variable is expected
to influence positively adoption of improved yam-based
systems.  ORIGIN  is  the   farm   owner   social  status.
We supposed that indigenous farmers will be more prone
to  adopt  improved  yam-based  system  than immigrant.
In fact, the loan is particularly practiced by immigrants in
the study area which is unfavourable for long term soil
fertility investment [34]. This variable takes value 1 if the
owner is indigenous and 0 otherwise. CONTACT
identifies farmers who have connections and dealings
with  the  external  agents  (researcher,  extension  agent).
It is an important variable for diffusion and adoption of
innovations [35, 36]. This variable could influence
positively the adoption of improved yam-based systems
in rotation with the mixed intercropping Mucuna and
maize. The variable takes value 1 if the smallholder farmer
ties contacts with the external structures (at least one
contact per month) and 0 otherwise. CREDIT expresses
the access to the formal credit. The use of innovative
yam-based system requires inputs purchase (seeds or
seedlings and mineral fertilizers for maize). Difficulties of
cash limit farmers’ investments [29, 35]. Access to credit
can raise this constraint and support adoption. This
variable takes value 1 if the farmer obtains formal credit
and 0 otherwise. NIVELEV is the livestock size (sheep,
goat and cow). The natural pasture is the endogenous
practice for providing forage to ruminants. In
crop/livestock integration system, herbaceous legumes
established in dynamic of rotation can provide forage for
animal feeding and the field is useful for subsequent
crops as yam. This variable is supposed to influence
positively the adoption of improved yam-based system.

SPSS was used for the descriptive analysis and
correlation of the independent variables. LIMDEP version
7.0 was used for the empirical model [37].

RESULTS

Multivariate Analysis of Adoption of Yam-Based System
in Rotation with the Mixed Intercropping Mucuna

rotation with the mixed intercropping Mucuna pruriens
var utilis and maize (TMM) was 34% (Table 3). 

The percentage of adopter’s women was 9% whereas
25% were recorded for men that fit with the size sample
investigated (54 women against 252 men). The models had
rather good predictive and estimated properties. The ²
test was highly significant (p<0.01). The percentage of
correct prediction was high (77%). 

Results of Student’s test revealed that seven
variables  determined  the adoption of TMM:
“CONTACT” with external agents, population density in
“ZONE”, “CREDIT”, GENDER, SUPDISP, NBOUCH and
NIVELEV.

The rate of adoption of TMM was higher in the
relatively high population density zone (20%) than in the
low-density zone (14%). This was also higher in the
Research and Development (R&D) sites (18%), where
smallholder farmers had much more in contact with
research and extension than in the other sites (16%)
(Table 4).

Characteristics of Adopters and Non-adopters of Yam-
Based System in Rotation with the Mixed Intercropping
Mucuna pruriens Var Utilis and Maize: Adopters profile
is as follows: to be man or woman, young person or adult,
to be farm households’ head and having experience in
agriculture around 22 years with an households size of 7,
to have the right of ownership on the land, to be educated
(at least 6 years of formal education), to have regular
contacts with the changes agents (at least one contact per
month), to have access to information, to be trained on
new technologies, to have access to credit and to belong
to a village organization (Tables 5 and 6).

Globally, soil depletion problem was expressed as
well as by adopters and non-adopters. Land is available
and allocated to crops with more surfaces attributed for
cereal (maize) and grain legumes (groundnut and beans).
Livestock size of adopters was higher as well as in R&D
and off R&D sites. The woody for combustion and fodder
for animal feeding were available in farm household.

Advantages and Constraints of Yam in Rotation with the
Mixed Intercropping Mucuna pruriens Var Utilis and
Maize in the Guinea-Sudan Zone of Benin: Mucuna was
appreciated for its capacity to restore the soil fertility, to
maintain soil humidity and to control weeds as well in low
(ZB)  as  in  relatively high population density (ZA) zones.
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Table 3: Econometric model of the discriminating factors affecting adoption of yam in rotation with the mixed intercropping Mucuna pruriens var utilis and

maize in the Guinea-Sudan zone of Benin

Acronym of variable Estimated T test

ZONE 0.244 4.792***

SUPDISP 0.009 2.836**

GENDER -0.179 -3.294***

NBOUCH 0.011 2.284**

FTRAV -0.012 -1.146

ORIGIN -0.032 -0.55

CONTACT 0.382 7.868***

CREDIT 0.353 3.544***

NIVELEV 0.003 1.948**

Log-probabilities -143.08

104.74***2

% of prediction 77

Legend: **p<0.05 and ***p<0.01 represent significant level at 5% and 1% respectively; 

 is the vector of estimated coefficient for each independent variable

ZONE: population density in zone; SUPDISP: land surface available in farm household, GENDER: sex (male or female) of the smallholder farmer; NBOUCH:

Farm household size; FTRAV labour force within the households; ORIGIN: owner status (indigenous or immigrant); CONTACT: smallholder farmers’

contacts with the research or extension workers; CREDIT: formal financial credit for inputs; NIVELEV: livestock size

Table 4: Adoption and non-adoption rates of yam in rotation with the mixed intercropping Mucuna pruriens var utilis and maize as part of site and population density in the Guinea-Sudan zone

of Benin 

Rate of 

Number of Rate of Rate of adoption in low

smallholder Rate of Rate of non Rate of adoption adoption on off adoption in denser population

Site type Population density Adoption type Categories farmers surveyed adopters (%) adopters (%) on R-D sites (%) R-D sites (%) population (%) density (%)

R-D sites Denser population Adopter Adopter women 8 3 3 3

Adopter men 25 8 8 8

Non-adopter Never adopted 6 2

Disadopter 4 1

Low population density Adopter Adopter women 7 2 2 2

Adopter men 20 7 7 7

Non-adopter Never adopted 12 4

Disadopter 0 0

Off R-D sites Denser population Adopter Adopter women 8 3 3 3

Adopter men 17 6 6 6

Non-adopter Never adopted 47 15

Disadopter 3 1

Low population density Adopter Adopter women 3 1 1 1

Adopter men 15 5 5 5

Non-adopter Never adopted 131 43

Disadopter 0 0

Total 306 34 66 20 14 19 15

R-D sites: Research-Development sites; off R-D sites: Off Research-Development sites

Mucuna  in  intercropping  with  maize  increased yam in the ZA and ZB, followed by the problem of
yield  and  supplemented  the  animal  feeding  according competition  between  Mucuna  and  the  pattern  crop
to smallholder farmers’ viewpoints. However, some with 25%  (ZA)  versus  9% (ZB). Smallholders
constraints  limit  the  adoption  of  yam-based  system highlighted  the  problem  of Mucuna seeds edibility with
with  Mucuna.   Biomass   incorporation   difficulty in 18 and 19% and damages caused by the animal (cattle)
yam-based  technology  with  Mucuna  (TMM)  was  the divagation  (16  and 17%) in ZA and ZB respectively
first  constraint  reported  with  43 and 67%, respectively (Table 7).
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Table 5: Characteristics of adopters and non-adopters of yam in rotation with the mixed intercropping Mucuna pruriens var utilis and maize in Research and Development sites in the Guinea-
Sudan zone of Benin 

Relatively high population density zone Low population density zone
------------------------------------------------ ---------------------------------------------------

Non-adopter Non-adopter
------------------------------ ---------------------------------

Variable Description Adopter Never adopted Disadopter Adopter Never adopted Disadopter

Household characteristics n=33 (11%) n=6 (2%) n=4 (1%) n=27 (9%) n=12 (4%) n=0(0%)

Age Average hold (year) 45 35 49 49 41 -
Standard deviation 11.2 5.85 2.21 9.02 7.89 -

Education % of educated 63 60 75 46 50 -
% of non-educated 37 40 25 54 50 -

Gender % of male 73 80 100 79 83 -
% of female 27 20 0 21 17 -

Origin % of native 90 40 100 92 83 -
% of immigrants 10 60 0 8 17 -

Matrimonial situation % of married 100 100 100 100 100 -
% of single 0 0 0 0 0 -

Position in the household % of head of household 73 80 100 75 83 -
% of non-head of household 27 20 0 25 17 -

Number years of experiment Year 21 12 22 24 20 -
Standard deviation 13, 5 5 10.75 7.1 8.2 -

Households' size Number 6 5 6 8.5 5 -

Economic factors

Average farm income FCFA 270, 500 258, 000 29, 000 618, 417 4, 161, 000 -
Number of farm manpower Number 2 1 4 3 2 -

Standard deviation 2.31 1.3 1.77 2.53 1.51 -
Arable land surface available ha 5 3.6 4.75 9.5 9.2 -

Standard deviation 3.1 2.5 1.7 3.94 6.07 -
Land surface per manpower ha 2.5 3.6 2.05 3 4.6 -
Dependence rate ratio 2 4 0.5 1.8 1.5 -

Socio-ecological factors

Population density inhabitants /km² 49 49 49 25 25 -
Land tenure % of land owner 93 100 75 96 91 -

% of non-land owner 7 0 25 4 9 -
soil fertility state % of farmers (poor soil) 40 100 75 17 33 -

% of farmers ( fertile soil) 60 0 25 83 77 -
wood availability % of farmers (wood problem) 3 80 25 13 8 -

% of farmers (without wood problem) 97 20 75 87 92 -
Fodder availability % of farmers (fodder problem) 13 33 50 0 8 -

% of farmers (available fodder) 87 67 50 100 92 -

Institutional factors

Information on new technologies % of farmers informed 100 20 0 100 17 -
% of farmers non-informed 0 80 100 0 83 -

Contact with change agents % of farmers have contacts 83 20 75 100 50 -
% of farmers without contact 17 80 25 0 50 -

Training % of trained farmers 80 20 50 96 8 -
% of non- trained farmers 20 80 50 4 92 -

Test % of tester farmers 100 0 100 100 0 -
% of non-tester farmers 0 100 0 0 100 -

Abandonment rate of tests % of farmers 0 - 100 0 0 -
Village restitution % of farmers taking place to village restitution 77 20 100 96 25 -

% of farmers having ever participated 23 80 0 4 75 -
Credit % of farmers with credit 37 20 0 4 0 -

% of farmers without credit 63 80 100 96 100 -
Belong to organisation % of farmers belong to organisation 57 40 50 21 8 -

% of farmers without organisation 43 60 50 79 92 -

Household functional characteristics

Average yam land surface ha 0.48 0.13 0.17 0.9 0.69 -
Standard deviation 0.325 0.021 0.028 0.667 0.581 -

Average cassava land surface ha 0.18 0.51 0.67 1.5 1.37 -
Standard deviation 0.11 0.082 0.108 0.354 0.991 -

Average maize land surface ha 0.37 0.80 1.06 2.3 1.05 -
Standard deviation 0.164 0.129 0.170 0.616 0.543 -

Average groundnut land surface ha 0.45 0.47 0.62 2.76 1 -
Standard deviation 0.29 0.076 0.100 1.367 0.579 -

Average Soya land surface ha 0.55 0.21 0.27 0.000 0 -
Standard deviation 0.428 0.033 0.044 0.000 0.000 -
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Table 5: Continued

Average bean land surface ha 0.65 0.17 0.22 0.35 0.75 -
Standard deviation 0.332 0.027 0.036 0.179 0.287 -

Average rice land surface ha 0.35 0.10 0.14 0.11 0.25 -
Standard deviation 0.427 0.017 0.022 0.052 0.166 -

Average cotton land surface ha 0.75 0.17 0.22 0.05 0 -
Standard deviation 0.219 0.027 0.036 0.025 0.000 -

Average cashew tree land surface ha 0.25 0.94 1.24 5.5 2.9 -
Standard deviation 0.147 0.152 0.200 0.791 1.241 -

Average teak land surface ha 0.12 0.09 0.12 0.35 0.45 -
Standard deviation 0.061 0.015 0.020 0.175 0.351 -

Average herbaceous leguminous land surface ha 0.09 0.00 0.00 0.45 0.000 -
Standard deviation 0.073 0.00 0.00 0.336 0.000 -

Livestock size (sheep, goat and cow) Number 6 3.00 4.00 9.5 5 -
Standard deviation 8.21 0.82 1.10 6.19 3.1 -

Table 6: Characteristics of adopters and non-adopters of yam in rotation with the mixed intercropping Mucuna pruriens var utilis and maize in off Research and Development sites in the Guinea-
Sudan zone of Benin 

Relatively high population density zone Low population density zone
------------------------------------------------- -----------------------------------------------------

Non-adopter Non-adopter
-------------------------------- --------------------------------------

Variable Description Adopter Never adopted Disadopter Adopter Never adopted Disadopter

Household characteristics n=28(9%) n=47 (15%) n=3 (1%) n=18(6%) n=131 (43%) n=0(0%)

Age Average hold (year) 45 49 49 41 45 -
Standard deviation 12.58 16.85 12.72 13.76 10.66 -

Education % of educated 53 40 50 55 28 -
% of non-educated 47 60 50 45 72 -

Gender % of male 56 85 2 70 92 -
% of female 44 15 98 30 8 -

Origin % of native 87 83 100 55 83 -
% of immigrants 13 17 0 45 17 -

Matrimonial situation % of married 100 100 100 90 99 -
% of single 0 0 0 10 1 -

Position in the household % of head of household 66 87 50 80 94 -
% of non- head of household 34 13 50 20 6 -

Number years of experiment Year 26 28 29 19 19 -
Standard deviation 14.5 17.96 23.33 12.8 10.6 -

Households' size Number 9 7.6 7.7 8 7 -

Economic factors

Average farm income FCFA 256, 750 381, 129 475, 000 921, 212 672, 060 -
Number of farm manpower Number 4 3 5 2 2 -

Standard deviation 5.12 2.28 3.55 5.84 1.72 -
Arable land surface available ha 6 4.6 4.5 17.3 9.6 -

Standard deviation 5.53 1.87 1.87 15.35 7. 76 -
Land surface per manpower ha 1.5 1.5 2.1 8.7 4.8 -
Dependence rate ratio 1.3 1.7 0.5 1.6 2.5 -

Socio-ecological factors

Population density inhabitants /km² 49 49 49 25 25 -
Land tenure % of land owner 88 98 100 85 83 -

% of non-land owner 12 2 0 15 17 -
soil fertility state % of farmers (poor soil) 41 89 100 90 32 -

% of farmers (fertile soil) 59 11 0 10 68 -
wood availability % of farmers (wood problem) 0 51 0 10 0 -

% of farmers (without wood problem) 100 49 100 90 100 -
Fodder availability % of farmers (fodder problem) 6 30 50 15 6 -

% of farmers (available fodder) 94 70 50 85 94 -

Institutional factors

Information on new technologies % of farmers informed 100 45 100 100 24 -
% of farmers non-informed 0 55 0 0 76 -

Contact with change agents % of farmers have contacts 84 36 100 75 48 -
% of farmers without contact 16 64 0 25 52 -

Training % of trained farmers 56 19 50 30 4 -
% of non-trained farmers 44 81 50 70 96 -

Test % of tester farmers 97 0 100 94 0 -
% of non-tester farmers 3 100 0 6 100 -
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Table 6: Continued

Abandonment rate of tests % of farmers 0 - 100 0 - -
Village restitution % of farmers taking place to village restitution 31 6 50 70 5 -

% of farmers having ever participated 69 94 50 30 95 -
Credit % of farmers with credit 8 2 0 5 1 -

% of farmers without credit 92 98 100 95 99 -
Belong to organisation % of farmers belong to organisation 47 23 50 30 67 -

% of farmers without organisation 53 77 50 70 33 -

Household functional characteristics

Average yam land surface ha 0.35 0.17 0.25 0.55 0.50 -
Standard deviation 0.44 0.024 0.034 0.42 0.33 -

Average cassava land surface ha 0.16 0.31 0.44 0.50 0.45 -
Standard deviation 0.11 0.042 0.060 0.31 0.30 -

Average maize land surface ha 0.48 1.12 1.58 1.05 0.75 -
Standard deviation 0.29 0.153 0.216 0.63 0.29 -

Average groundnut land surface ha 0.65 0.62 0.88 1.20 0.85 -
Standard deviation 0.39 0.085 0.120 0.36 0.47 -

Average Soya land surface ha 0.72 0.37 0.53 0.000 0.000 -
Standard deviation 0.18 0.051 0.072 0.000 0.000 -

Average bean land surface ha 0. 50 0.27 0.39 0.35 0.70 -
Standard deviation 0.44 0.037 0.053 0.18 0.34 -

Average rice land surface ha 0.40 0.19 0.25 0.11 0.32 -
Standard deviation 0.30 0.025 0.035 0.11 0.16 -

Average cotton land surface ha 0.25 0.12 0.18 0.000 0.000 -
Standard deviation 0.10 0.017 0.024 0.000 0.000 -

Average cashew tree land surface ha 0.55 1.24 1.75 3.70 4.00 -
Standard deviation 0.43 0.170 0.240 0.15 0.83 -

Average teak land surface ha 0.17 0.19 0.25 0.22 0.55 -
Standard deviation 0.13 0.025 0.035 0.16 0.43 -

Average herbaceous leguminous land surface ha 0.05 0.00 0.00 0.22 0.000 -
Standard deviation 0.03 0.00 0.00 0.13 0.000 -

Livestock size (sheep, goat and cow) Number 13.00 2.00 4.00 5.00 4 -
Standard deviation 20.45 0.27 0.55 5.16 12.73 -

Table 7: Constraints of adoption of yam in rotation with the mixed intercropping Mucuna pruriens var utilis and maize in the Guinea-Sudan zone of Benin
(Farm household level)

ZA (N=186) ZB (N=120)
----------------------------------------- ---------------------------------------

Constraints Frequency Percentage (%) Frequency Percentage (%) Frequency Percentage (%) OI
Biomass incorporation 80/186 43 80/120 67 160/306 52 1
Competition 47/186 25 11/120 9 58/306 19 2
Seeds consumption 33/186 18 23/120 19 56/306 18 3
Animal divagation 30/186 16 20/120 17 50/306 16 4
Reptile refuge 9/186 5 11/120 9 20/306 7 5
Fertilizer cost 9/186 5 8/120 7 17/306 6 6
Plot maintenance 9/186 5 - - 9/306 3 7
Vegetation burn - - 5/120 4 5/306 2 8
Seeds marketing 4/186 2 - - 4/306 1 9
N= sampling size; ZA: relatively high population density zone; ZB: low population density zone; OI: importance order

DISCUSSION more sustainable and more productive systems. Most

Adoption of Yam-Based System in Rotation with the Mucuna for increasing yam productivity, maintain soil
Mixed Intercropping Mucuna pruriens Var Utilis and humidity, control weeds (Imperata cylindrica in
Maize in Denser and Low Population Density Zone:
Adoption of yam-based system in rotation with the mixed
intercropping Mucuna pruriens var utilis and maize
(TMM) is highly expressed in the zone with denser
population compared to the low population density zone.
In the denser zone, land pressure is relatively high with an
increasingly scarcity of fertile soils for yam production
and smallholder farmers look relatively inclined to develop

smallholder farmers could already appreciate the ability of

particular) and restore soil fertility [8, 38]. Mucuna stover
showed the high dry matter (DM) amount whatever the
year and this can reach 10 t ha  [8]. Because Mucuna1

grows rapidly and close. Generally, studies revealed that
the incorporation of the biomass gets more nitrogen to the
succeeding crop than the mulch application on the soil
because the decomposition of organic matter is more rapid
after  incorporation.   Decomposition   data  indicated  that
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6 weeks after incorporation of biomass only 30% of farmers and knowledge production [12]. Contacts are
Mucuna remained [9]. This would be related to faster especially helpful in the early stages of technology
decomposition of Mucuna residue biomass and nutrients experimentation, where technology abandonment rates are
release for subsequent plants growth. Furthermore, usually higher [42, 41]. [43] argued that a landholder’s
Mucuna recycled macronutrients (N, P and K) with probability of making a good decision increases over time
moderate  rates  of decomposition [39]. Legumes fallows with increasing knowledge of and perhaps experience
with Mucuna, are known especially for improving the with, the practice or technology. They report that land
quantity of available P fractions in the soil for subsequent managers go through a typical sequence of acquiring and
crops. Nevertheless, it depends on the inherent P levels applying new knowledge, beginning with becoming aware
in the soils. Mucuna transports P from lower soil layers of the technology or innovation. The land managers
and improves available P in arable surface that is crucial progress through a (non-trial) evaluation stage, where
for yam. TMM significantly increased yam yields to about they collect information and begin to assess its
15 t ha  (fresh matter) in the study area. In Benin and usefulness in their own context, followed by a stage of1

Togo, [11] studied the effect on the yam crop of short small-scale trials. And then, if this is successful, adoption,
fallows based on Mucuna pruriens var utilis, review and modification and finally either fully adopting
Aeschynomene histrix, or Pueraria phaseoloides and or abandoning the innovation. It has also been shown
reported that a 1-year fallow planted with M. pruriens led that land managers who participate in property
to a significant increase in yam yields. management planning activities have a greater capacity to

Studies conducted by [26] in the Bamiléké area, adopt more sustainable land management practices,
Cameroun, or [40] in the vicinity of Kano, Nigeria, indicating a link between knowledge and skills and the
corroborates the feeling that land scarcity is a major capacity to change [43].
incentive to switch to intensive agriculture. In northern The formal credit supports inputs and could be an
Benin, where the population density is lower than 100 additional benefit for adoption of innovative yam-based
inhabitants per km², intensive agriculture is much less systems as well as on R&D and off R&D sites.
frequent than it is in the south where the population Smallholder farmers in majority were often in prone to
density frequently exceeds 200 inhabitants per km². financial difficulties because of their low incomes and
However, study carried out by [21] on Agroforestry purchasing power. This situation limited inputs
system in Cameroon showed that adoption is lower for acquisition  (equipments,  mineral  fertilizers,  seeds...).
farmers in areas with very high population pressure. Past research indicated that financial constraints were
Because alley cropping requires that farmers set aside a self-reported  by  land  managers   as   an  important
part of their land for growing trees, the cultivable areas barrier to the adoption of changed management practices
under food crops have to be reduced. Smallholder farmers [14, 44-48]. For example, a study of land manager attitudes
in villages where land pressure is very high may view tree in the Burdekin Dry Tropics region in northern
planting as competing with food crops, thus reducing Queensland found that operational and financial
incentives to adopt alley cropping [41] found that farmers constraints were perceived as the most important
facing very high land pressure and exhausted fields opted impediments to the adoption of natural resource
for short fallow with Mucuna as a soil fertility management activities or changed practices [14]. Similar
management option instead of alley cropping. surveys in the Burnett Mary and Queensland Murray

Adoption of Yam-Based System in Rotation with the respectively identified cash flow as the highest rated
Mixed Intercropping Mucuna pruriens Var Utilis and constraint. But nevertheless, studies showed that
Maize in the Research and Development and off Research
and Development Sites: The highest adoption in the
Research and Development (R&D) sites than Off
Research and Development sites (off R&D) was probably
due to more frequent interactions between smallholder
farmers and the R&D research team through
demonstration plots, training and field visits, village
meetings at which results of research were presented
showing the advantages of innovations based on a
specific farmer’s field, information exchange between

Darling regions found that 76 and 81% of respondents,

financial resources may not be the main limiting factor
when land managers consider adopting new technologies
or changed practices. For example, ……. [49] suggested
that where it can be shown that farm family income
exceeds $50, 000 per year then the constraints for
undertaking changed practices were not necessarily
financial. One suggestion is that land managers may be
constrained by the perception that improved practices
provide greater benefit to society at large than to the
individual.
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Adoption of Yam-Based System in Rotation with the flow of seeds. The farmers assured about the marketing of
Mixed Intercropping Mucuna pruriens Var Utilis and their products would increase adoption. The existence of
Maize According to the Gender: The negative sign of the

 parameters estimated for the variable gender shows that
the women have much more preference for yam-based
system in rotation with the mixed intercropping Mucuna
pruriens var utilis and maize than the men. Women who
have more insecure land rights are more prone to adopt
TMM than men. This situation was observed on R&D
sites and should be related to external structures effects
through contacts, trainings and advices. In addition, the
effect of herbaceous legumes (Mucuna) should be
expressed in short-term period with low labour
requirement and generate immediate incomes for farm
household. On the contrary, [21] former work showed that
male farmers are more likely to adopt than women
agroforestry in Cameroon. The authors argue that
sustainable agricultural systems targeted to women
farmers must be compatible with their land and tree tenure.
Where women do not have secure rights to land,
technologies which require that land be put under trees
for a long period of time are unlikely to be adopted by
women farmers. In such areas, short season improved
fallow systems may be more appropriate for women
farmers. Yam-based systems with herbaceous legumes will
bring a higher present value than traditional systems
(maize or 1-year Andropogonon gayanus fallow–yam) in
the first 4 years and appeared attractive for land, labour
and cash productivities [39]. 

Adaptations of Yam-Based System in Rotation with the
Mixed Intercropping Mucuna pruriens Var Utilis and
Maize and Implications for the International
Applications: For the important constraint related to the
biomass incorporation, smallholder farmers adapted the
technology with the practice of both mulching and
biomass incorporation into the soil. Three-quarters of
biomass could be manually incorporated into the soil in
October-November during ridging and the remaining
biomass could be left on the surface as mulch in order to
reduce workloads related to the incorporation. The
practice of fire wall and fire of reference around the plot
was necessary to avoid the burning of the mulch in dry
periods. The mulch will contribute to protect seed yam
from solar radiations, to improve soil humidity and
earthworms’ activity. Nevertheless, the seed production
plot is needed in order to induce plant material availability.

End-users would undoubtedly adopt yam-based
technologies with Mucuna if there was a market for the

a market contributes to the adoption of improved
technologies for high yields and farm household incomes
[50, 51].

Mucuna seeds valorisation would generate
additional incomes for smallholders’ households. In fact,
the seeds of Mucuna contains 3-(3, 4-dihydroxyphenyl)-
L-alanine, known as L-Dopa which makes difficult
Mucuna grains consumption. Human consumption of
unprocessed beans can cause intoxication, but the toxins
can be removed by boiling and soaking the seeds in
several changes of water [52]. The L-Dopa content of
Mucuna ranges from 4.7 to 6.4% [41]. The end-users
would undoubtedly grant more credit to yam-based
technologies with Mucuna, if in addition to its fertilizing
role, the seeds were edible. In spite of the research
undertaken by several organisations on this issue,
Mucuna grain consumption remained difficult.

Animal feeding with Mucuna seeds deserves to be
further investigated. The crop-livestock integration with
this herbaceous legume should be an opportunity for yam
production or other crops in dynamic of rotations,
because of agropastoral potential in the Guinea-Sudan
zone of Benin. Integration of forage legumes into the
traditional fallow management can help improving both
forage supply at a time of feed scarcity and soil fertility.
Corralling contracts in the fence-based cropping systems
with forage legumes inside the fence are important form of
crop-livestock interaction during the dry season and
could contribute to manures supply and nutrient cycling
for the benefit of crops and soil. This practice returns
both manure and urine to soil and can conserve nutrients.

A detailed attention deserves to be given to the
technical,  institutional  and  political  problems  facing
end-users and more information, as well as advices are
required  in  order  to  improve the level of adoption of
yam-based technologies with herbaceous legumes.

The application of this technology will allow to
natural resources better preserved, chemical pollution of
the environment to be reduced and agricultural
production to be diversified. Furthermore, this could
contribute to plant biodiversity to be better conserved,
bio fuel to be promoted, access of smallholders to land
resources to be improved, as well as their capacity to
manage these resources. This influence may be
strengthened by suitable organizational arrangements to
popularize adapted technologies, involving researchers,
extension workers and farmers.
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CONCLUSION 3. Lev, L.S. and A.L. Shriver, 1997. A trend analysis of

The study highlights that seven main factors
determine adoption of yam in rotation with the mixed
intercropping Mucuna pruriens var utilis and maize in the
Guinea-Sudan zone of Benin. Contact with researchers
and extension workers, population density zone, credit
service, gender, land availability, farm household size and
livestock size were identified as major discriminating
factors for adoption. Adoption was more significant in the
area with denser population. It was also more significant
in Research and Development sites. Formal financial credit
for inputs is significant for smallholder farmers and
supports adoption. Women were more prone to adopt the
yam-based system with Mucuna than men. Although this
system is currently not yet widely used by smallholders,
we predict that it will be adopted as soon as land pressure
increases. We then propose to promote durable and
replicable yam-based system, through a favourable
legislative, economic and political environment to support
local initiatives. Collaborations between research,
development and extension structures should also be
favoured to support the development and dissemination
of innovations.
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