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Abstract —In West Africa, yam cultivation is now facing
increasing scarcity of fertile soils because of théslash and
burn” and shifting traditional cultivation systems highlighted
by the excessive reduction of agricultural productiity. With
the aim of designing more sustainable yam croppingystems,
alternative systems withAeschynomene histrixare promoted
in the Guinea - zone of Benin. This paper, aims atléntifying
factors that may explain the adoption of yam-basedystem in
rotation with the mixed intercropping Aeschynomene histrix
and maize for soil conservation and sustainable yam
production. Dichotomous logistic model technique isised to
regress adoption on a set of explanatory variablesMany
studies have used the logistic analysis approach &xamine
similar issues in various geographical regions andfor
different technologies. As results: Contact with reearchers
and extension workers, credit service, population ehsity in
zone, gender, and farm household size were idengfi as
major discriminating factors. The adoption was more
significant in the area with denser population. Itwas also
more significant in Research and Development sitegYomen
were more prone to adopt yam-based cropping with
Aeschynomenethan men In addition, the study highlights

disadoption, advantages, constraints, adaptations fo
technology and implications for the international
applications.

Keywords— Adaptation; Adoption; Aeschynomene histrix;
Constraints; Disadoption; Herbaceous LegumgLogit; Yam.

[. INTRODUCTION

Current yam-based cropping systems, which invol

shifting cultivation, slash-and-burn or short fallooften
result in deforestation and soil nutrient depletjéh As
long as population pressure was low, the croppinase
was short compared to the fallow period. Three cur f
years of cultivation followed by ten years or marg

fallow, for example allows the accumulation of &asi

degradable organic matter to regenerate soil ifgr{i2]-

[3]. Where population increases, available land p
reduced and fallow periods shorten.

inhabitant is
Traditional long-fallow shifting cultivation can noenger
continue in most of humid sub-Saharan Africa. Iasieg
population densities are posing a serious threaataral
resources and agricultural production. Farmerspoase

to higher food demand has been either an increase i

cultivated area or/and a reduction of fallow periddhe
minimum fallow duration to maintain crop productisas
estimated at 12 years [4]. Fallow periods in mdsthe

Yam is a demanding crop in terms of organic masttet
soil fertility, especially the most appreciated andrket-
valued cultivars (early maturingpioscorea rotundata)
used for the popular dish called “fu-fu” (poundedm)
[6]. According to [6], harvest of 1 t of yam freshbers
takes up to 3.8 kg of nitrogen, 0.39 kg of phospea@and
4.2 kg of potassium. The amount of nutrients rerdowve
the yam tuber harvest could, however, depend owtgro
rate and yield which in turn depends on climate] so
fertility conditions and variety. The quantities s6il N
supply would depend on the yield potential of yamao
particular soil and of the soil’s ability to suppi/ Levels
of N decline rapidly once cropping commenced [7].
Nitrogen supplied from the breakdown of inherergamic
matter must be supplemented from other sources. Yam
cultivation in West Africa is now confronted witthe
scarcity of fertile soil available for clearing [1]in
degraded zones where long duration fallow periodsew
no longer available, market-oriented yam producéither
strongly decreased, or evolved toward more tolebarnt
also less profitable varieties such as late magufin
rotundata or D. alata better adapted to poor soils [8].

Therefore, there is a dire need to economicallgssim
farmers’ conditions the performance of sustainable
cultivation techniques. Ongoing soil degradationldde
mitigated by the adoption of the new farming tegleis
such as improved fallow of herbaceous leguminoastpl
[9]-[20]. This will serve an alternative solution maintain

Vg]e potentials of the land resources under theouari
prevailing economic, social and political envirome
Where smallholders’ access to N fertilizer is ligoit
legume-based fallows, which, through symbiotic N-
fixation, appear capable to provide more N than the
natural fallow, allowing sole maize crops at higlarp
densities. Legumes improve soil fertility becausaheir
ability to fix N, and produce N-rich residues that may be
épturned to the soil [11]-[12]-[13].

With the aim of designing more sustainable yam
cropping systems, the agronomic research orgaoizati
Benin implemented alternative systems including
herbaceous legumesdschynomene histrix). On the basis

of the results of this on-farm research, yam basstems

in rotation with the mixed intercroppingeschynomene
histrix 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 Sysaeen

humid zone of West and Central Africa are actuallfAcKiNg-

between 5 and 2 years [5], reinforcing the needeek
alternative food production systems [4].

It is generally agreed that that farmers adopt an
innovation if they expect it to contribute to bette
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achieving their goals with, which may include ecaonmy  similar issues in various geographical regions &md

social and environmental aspects, while considerisk  different technologies [19]-[20]-[21].

related issues at the same time [14]-[15]. In faper, we yi* =[;'Xi +U (1)

intend to identify factors that may explain the jpiilan of .

yam-based System in rotation with the mixed |ntmp|ng Where yi unobservable Variable, but determined by

Aeschynomene histrix and maizefor soil conservation and the dummy variablg defined by

sustainable yam production. We explore severasll =1if v >

q . S S " lif yy>0 2
emographic or institutional factors in view of piding

relevant pointers for more effective and efficigntblic ; .
policies as regards the dissemination of the imgdoxam- Fr_om equations (_1) and (2),_the probabl_llty j[hat_y a
particular farmer will adopt soil conservation iwations

based cropping systems. In section 1, we presergttidy "¢ . X . .
area inthe Guinea-Sudan zone of Benin, the yam-basé’fﬁ'th the mixed intercroppingeschynomene and maize for

systems recommended to farmers and the process '§fr€asing yam productivity is:

diffusion and adoption implemented. In section 2 wé¥0b /= 1= Praby>-Sx ¥-F {6% (3)
describe the survey methodology and adoption mastesdl  and the probability that y = 0 that the farmers| wiibt
for assessment. In sections 3 and 4, results gyesed adopt, is:

and discussed. Prob@: O)= Prd)l.(< ﬁ)ﬁ )=F fﬁx (4)
where in equation (3) and (4F is the cumulative
distribution function. We assume thats independent of
X, the vector of characteristics associated withlmwiaer

) . ) farmers, and has a standard logistic distributi#],[and3
The study was carried out in the Guinea-Sudan p6ne ig the vector of estimated coefficients. A combimratof

Benin in a low (Savalou, Bante, Save and Ouesst)raa equations (1) and (2), yields the probability that

relatively high population density zone (Dassa-Zeum gmainolder farmer will adopt the technology as:
Glazoue). This area lies between the latitudes '7448

y = 0 otherwise

[I. METHODOLOGY

A. Sudy Area

8°40" North and longitudes 2°20" and 2°35' Easte Thi- F (-8'%) :M:A(ﬁ'x') (%)
climate is the transitional climatic Guinea-Sudgpet with 1+exp( x )

a gradient from bimodal to monomodal rainfalland the likelihood [19] is:

distribution from the south and the north of BeninL= [ F(-8%)[] [1-F (-58%) ] (6)
respectively. Annual rainfall in the study areaiearfrom ¥i -0 yi -1

1,100 mm to 1,200 mm with unequal distribution [16] The confidence interval is another goodness-of-fit

The soils are plinthosols and luvisols. The soygital measure. After estimating thgs, confidence intervals
properties vary according to their clay content][17 (Cl), a statistical inference for the model pararetcan
Vegetation is a degraded woody savannah type. Maizse performed to help judge the magnitude of the
yam, cassava and groundnut are annual croppingregst significance [23]. A confidence interval only haket

and the cash crops are cotton and soybean. specified probability of containing the parametérthe

B. Yam-Based Systems in Rotation with the Mixed sample data on which it is based is the only infitiom

Inter cropping Aeschynomene Histrix and Maize available about the value of the parameter by usireg
Smallholder farmers planted maize (spacing 80 x 4@rmula in equation (7).

cm) in April of the first yearA. histrix seeds (7 kg 8 S * z,,, (ASE) @)

were sown two weeks after the maize. In the impdove \Where ASE is the asymptotic standard error aisithe
yam-based system (TMA), smallholder farmers apptied /2 critical value from &- distribution with (/k) degrees
no on maize 100 kg HaNPK fertilizer (14% N, 10% P, of freedom.

11.7% K) in April and 50 kg haurea (46% N) in June.  The magnitude of changes in the probability of aiop
The maize was harvested in July. The grainlfeslsistrix as the regress or Changes is best Captured byar@nm
crops were mowed 180 days after planting. Orgamitten effect, usually evaluated at its mean of the exiany
was incorporated in moulds in October, and then y@® variable. Following [24], we denote the logistic
planted directly on these mounds, without mineratumulative function byA(-) which is between zero and

fertilization. one. Substituting\(-) as the standard logit in equation (3),

C. Theoretical Model of Adoption we find the marginal effects of the regressors be t
The dependent variable, adoption of soil consewwati probability as:

innovation with the mixed intercroppingeschynomene Al-ApS (8)

histrix and maize for subsequent yam, is dichotomized by
assigning a value of one if a farmer is an adoatel zero
otherwise. Because the dependent variable is diotmis,
the regression is non-linear in form and ordinaggast
squares will not provide useful estimators [18ktéad a
dichotomous logistic model technique is used taeeg
adoption on a set of explanatory variables. Mamnyliss
have used the logistic analysis approach to exami
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The derivatives of the likelihood estimates of the
coefficients yield the probability of being in omd the
dichotomous groups, an adopter or non-adopter. Whis
give the measure of strength of response for the
independent variables. However, the change in the
probability can be expressed in percentage change b
I1]13‘,ultiplying with 100.
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The equation used to estimate the parameters is: indigenous or immigrant), CONTACT (contacts with
Ey) =a+BZ0NE + B3DIP+ SEANDER+ SNBOUH + external services for advice), CREDIT (formal finai
FIRAV+ ACR ROCNT, BCRED VELEY credit), NIVELEV (livestock size).
A V+ GN+ ACT+ T+AN Justifications, methods, and predicted signs fazthea
D. Empirical Model of Adoption independent variable in the models are discussedhl¢T

Table 1 shows the sampling size for individual syrv 2).

) ) o _ The variable ZONE expresses the geographical diyers
Table 1. Sampling size for individual survey inthe  of social, cultural and ecological constraints édkwith

Guinea-Sudan zone of Benin demography, land pressure and, as a consequerite, so
. Household Percentage  gagradation [27]-[28]. In zones where soils arerdegd,
Zone Site  Communeampling sizeper site (%) T
R&D smallholders could be more inclined to adopt nesteays.
site Ouesse 36 12 This variable takes value 1 in denser populatiomezand
Low population densit Off R & Save 21 0 otherwise. SUPDISP is the land availability fany
zone D site gueslse ;‘g cropping systems. Land security is useful for tlod s
avaou fertility investment. Land availability could leddrmers
Bante 50 49 . -
_ ' R-D site Dassa 20 to _cl_ear new qudy fallow for yam p_roduct|0n (tréminal
Sed?;'t‘i’;']y dr:algzit Glazoue 19 13 shifting cultivation system) versus improved yansdxh
pop Jone Y off R& Dassa 41 systems in rotation with the mixed intercroppidgicuna
Dsite Glazoue 40 26 and maize. A negative sign is expected for thisawde.
Total 306 100 GENDER is the variable sex. Many studies were edrri

Legend: N : Sampling size of farm households f@ thout on gender analysis about new technologies [R3[}-
survey; R & D site: Research and Development shiere/  [31]-[32]. Generally, unfavourable land status ihttted
yam based-systems with herbaceous legumes weaee women could be prejudicial for adoption of imative
promoted; Off R & D site. technologies. GENDER is a dummy variable which sake
value 1 for men and O otherwise. NBOUCH is the farm
The choice concerned the Research and Developmejgiusehold size supposed positively correlated te th
(R & D) sites where the systems were generatecbfi®  adoption of new technologies. FTRAV is the variable
& D sites, implying certain heterogeneity in ther@g relative to household labour availability. Imporanof
ecological, socioeconomic and cultural level [districts  |abour for adoption of new technologies is reporfte®]-
were located in the relatively high and low popiolat [34]. This variable is expected to influence pasiy
density zones (Table 1). adoption of improved yam-based systems. ORIGINés t
To establish the base of the survey, the reswts the farm owner social status. We supposed that indigeno
“third population census” [25] and other relevanfarmers will be more prone to adopt improved yaradoh
documents were analyzed [26]. Statistical data @omieg system than immigrant. In fact, the loan is pattidy
the yam smallholder farmers from several villageshe practiced by immigrants in the study area which is
“Collines Department” were also used. Total sample unfavourable for long term soil fertility investrtef85].
306 farm households in six districts of the “Cadn This variable takes value 1 if the owner is indiges and
Department” in the study area were surveyed inagdi 0 otherwise. CONTACT identifies farmers who have
25% and 75% of the sample for the R & D and off & connections and dealings with the external agents
sites respectively. In each village, sampling waisdeicted  (researcher, extension agent). It is an importamiable
along a transect that accounted for agro-ecologicgir diffusion and adoption of innovations [36]-[37This
diversity with the aim of including maximum possibdf  variable could influence positively the adoption of
Variability. This made it possible to calculate thmal improved yam-based Systems in rotation with theeahix
number of yam smallholders in the study area armd thntercroppingMucuna and maize. The variable takes value
number of yam smallholder farmers in each siteikege 1 if the smallholder farmer ties contacts with theernal
for the survey. structures (at least one contact per month), and O
Twenty-seven villages in the “Collines Department’otherwise. CREDIT expresses the access to the forma
with low and relatively high population densitieen credit. The use of innovative yam-based systemiresju
surveyed including adopters and non-adopters (nevigiputs purchase (seeds or seedlings and minetdizins
adopted and disadopter) of yam-based croppingrsyste for maize). Difficulties of cash limit farmers’ iestments
rotation with the mixed intercroppifgucuna and maize.  [30]-[36]. Access to credit can raise this constrand
A checklist was used for the socio-economiGupport adoption. This variable takes value 1 éf fdwrmer
investigations and data collection at the levethaf farm  gptains formal credit and 0 otherwise. NIVELEV et
household. livestock size (sheep, goat and cow). The natwasiype is
Fifty explanatory variables were considered for thehe endogenous practice for providing forage toinamts.
study. Out of fifty explanatory variables, nine @péndent |n crop/livestock integration system, herbaceougsitees
variables more meaningful were selected with thestablished in dynamic of rotation can provide dgerdor
correlation analysis and included in the model. ZON animal feeding, and the field is useful for subsedcrops
(population density in zone), SUPDISP (land avaiily®,  as yam. This variable is supposed to influencetivesy

GENDER (sex), NBOUCH (Farm household size)the adoption of improved yam-based system.
FTRAV (labour availability), ORIGIN (owner status:
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SPSS was used for the descriptive analysis andicronym of | Description of variable and value Mean Standard
correlation of the independent variables. LIMDE Psian N"é‘g%béz — — deV'T'gg
P ousehold’ size . .
7.0 was used for the empirical model [33]. FTRAV Household labor size 266  2.39
ORIGIN Owner status: indigenous or  0.83 0.38
Ill. RESULTS immigrant (1=yes ; 0=no)
CONTACT Contact with the change agents0.59 0.49
. . . . (1=yes; 0=no)
A. Multivariate Analysis of Adoption of Yam-Based CREDIT Access to credit (1=yes ; 0=no)  0.06  0.24
System in Rotation with the Mixed |ntercroppi ng NIVELEV Livestock size (s)heep, goat and 4.53 12.05
CoW,

Aeschynomene histrix and Maize

Adoption of yam in rotation with the intercropping
Aeschynome histrix and maiz€ TMA) was 22% (Table 3).

The percentage of adopter's women was 4% where

0,
18 A)_w_ere record(_ed for men. Th_e models had rathed gohouseholds; ORIGIN: owner status (indigenous or
p.red.u.:tlve and estimated properties. Jdest was hlg_hI)_/ immigrant); CONTACT: smallholder farmers’ contacts
significant (p<0.01) The percentage of correct prediction . ' L .

: , with the research or extension workers; CREDIT imak
was high (79.74%). Results of Student’s test reack#that . , . . ) o .
. . ; financial credit for inputs; NIVELEV: livestock %z

seven variables determined the adoption of TMA:
“CONTACT” with external agents, “CREDIT",
population density in “ZONE”, GENDER and NBOUCH.

Further, the rate of adoption of TMA was higher in
denser zone (13%) than in the low-density zone (9% o .
rate of adoption was also higher in the Researah an Acrogtr::r;?\?arisazian zone ofi&zggqﬁ Tiest
DeVe|0pment (R & D) sites (13%), where farmers had;ONE (Demographic zone/population density)0.098  2.107*
much more in contact with research and extensian th ~ SUPDISP (Household land surface available}.98E-04  -0.064

Legend: ZONE: population density in zone; SUPDISP:
land surface available in farm household, GENDE& s

ggale or female) of the smallholder farmer; NBOUCH:
arm household size; FTRAV labour force within the

Table 3. Econometric model of the discriminatingtdas
affecting adoption of yam in rotation with the mike
intercroppingAeschynomene histrix and maize in the

the other sites (9%)_ (Table.4) GENDER (Male or female) -0.136 -2.732**
; . . NBOUCH (Household’ size) 0.012  2.813*

B. Advantages and Constraints of Yam in Rotation FTRAV (Household' labor size) 0013 1354
with the Mixed Intercropping Aeschynomene histrix ORIGIN (Owner status: indigenous or

i7ai i _ i immigrant) -0.026 -0.493
an'g Mﬁjze in the Guinea S'Ida.'n Zgn$ of Benl n . CONTACT (Contact with the change agents) 0.257  &79
~ Aeschynomene was appreciated for its capacity to CREDIT (Access to credit) 0.434  4.768%
increase crop yield (yam) and supplemented the @nim NIVELEV (Livestock size (sheep, goat and
feeding according to farmers’ opinions. However, cow)) 4.34E-04  0.244
smallholder farmers highlighted some constraintat th Log-probabilities 4415‘14421
limiting adoption. Aeschynomene biomass incorporation % of prediction 7974

appeared_as most of impo_rta_nt constraints in yaseda Legend: *p<0.05 and **p<0.01 represent signifitan
system WlthAeﬂ:hyn_omene hlstrl_x (TMA)_Wlth 21% and |avel at 5% and 1% respectively:
84% in relatively high population density zone (Z&)d g - Estimated coefficient for each independent aeia
low population density zone (ZB:) (Table 5). ZONE: Population density in zone; SUPDISP: Land
L - ) ) surface available in farm household, GENDER: Sealém
Table 2 Statistical description of adoption factorthe o fomale) of the smallholder farmer; NBOUCH: Farm
study zone in the Guinea-Sudan zone of Benin (86= 3 ho,sehold size; FTRAV labour force within  the

farm household surveyed) households; ORIGIN: Owner status (indigenous or

Acror_1ym of | Description of variable and value Mean Stz_andard immigrant); CONTACT: Smallholder farmers’ contacts
variable deviation . .
ZONE Demographic zone/population 039 0.49 with the research or extension workers; CREDIT :nkair
density (1=yes ; 0=no) financial credit for inputs; NIVELEV: Livestock sz
SUPDISP Household land surface availabl8.25 7.61
per ha
SEXE/GENDEF| Male or female (1=yes; 0=no) 0.82 0.38

Table 4: Adoption and non-adoption rates of yamotation with the mixed intercroppingeschynomene and maize as
part of site and population density in the Guineadh zone of Benin

Size of Rate of Rate of Rate of Rate of Rate of Rate of
Site type Population density Adoption type Categories smallholde adopters non  adoption adoption adoptionin adoption in low
farmers (%) adopters on R-D on off RD denser population
surveyed (%) sites (%) sites (%) population %) density (%)
R-D sites Denser population Adopter  Adopter women 4 1 1 1
Adopter men 19 6 6 6
Non-adopter Never adopted 9 3
Disadopter 6 2
Low population densii  Adopter  Adopter wome 4 1 1 1
Adopter men 14 5 5 5
Non-adopter Never adopted 19 6
Disadopter 0 0
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Size of Rate of Rate of Rate of Rate of Rate of
Site t Population density  Adontion t Cat . smallholde %atetOf non  adoption adoption adoptionin adoption in low
fte type - Fopulation density option type Calegories ¢ rmers @ c;/p ers adopters on R-D on off RD denser population
surveyed (%) (%) sites (%) sites (%) population %) density (%)
Off R-D  Denser population Adopter  Adopter women 3 1 1 1
sites
Adopter men 15 5 5 5
Non-adopter Never adopted 53 17
Disadopter 6 2
Low population density Adopter  Adopter women 2 1 1 1
Adopter men 7 2 2 2
Non-adopter Never adopted 145 47
Disadopter 0 0
Total 306 22 78 13 9 13 9

R-D sites: Research-Development sites ; off R-BssitOff Research-Development sites.

Table 5. Constraints of yam in rotation with thexed intercroppingdeschynomene and maize (Farm household level)

ZA (N=186) ZB (N=120)
Constraints Frequency Percentage (%) Frequency eftage (%) Frequency  Percentage (%) Ol
Biomass incorporation 39/186 21 101/120 84 140/306 46 1
Grains harvest 39/186 21 38/120 32 771306 25 2
Animal divagation 29/186 16 35/120 29 64/306 21 3
Seeds marketing 30/186 16 - - 30/306 10 4
Reptile refuge - - 14/120 12 14/306 5 5
Seeds consumption 9/186 5 5/120 4 14/306 5 5
Ferilizers cost 9/186 5 3/120 3 12/306 4 6
Plot maintenance 9/186 5 - - 9/306 3 7

ZA: relatively high population density zone; ZB:wo research team through demonstration plots, traimingd
population density zone; OIl: importance ordefield visits, village meetings at which results research
Smallholder farmers revealed the problem ofvere presented showing the advantages of innowation
Aeschynomene seeds harvest such as the small size bfsed on a specific farmer’s field, information leexage
seeds (21% and 32%), the animal divagation (16% amh@tween farmers and knowledge production. Contaets
29%) in the ZA and ZB and the inexistence of tlewfl especially helpful in the early stages of technglog

market (16%) in ZA. experimentation, where technology abandonment &tes
usually higher [38]-[39]. [40] Argued that a landder’s
IV. DISCUSSION probability of making a good decision increasesr divee

with increasing knowledge of, and perhaps expedenc

A. Adoption of Yam-Based System in Rotation with  With, the practice or technology. They report theatd
the Mixed Intercropping Aeschynomene histrix and ~Managers go through a typical sequence of acquiimy
Maizein Denser and Low Population Density Zone applying new knowledge, beginning with becoming mewva

Adoption of yam-based system in rotation with theof the technology or innovation. The land managers

mixed intercropping Aeschynomene histrix and maize progress throug_h a (non tnal) evaluation s_tageerwhhgy
L . . collect information and begin to assess its usefsgnin
(TMA) is highly expressed in the zone with densef; . .
. . : heir own context, followed by a stage of smalllsdaals.
population compared to the low population densipez

In the denser zone, land pressure is relativeliy high an And then, if this is successful, adoption, revienda

increasingly scarcity of fertile soils for yam pration modification and finally - either fully - adopting or
gy y ot L Y P ' _abandoning the innovation (disadoption). It ha® &lsen
and farmers look relatively inclined to develop mor

sustainable and more productive systems. shown that land managers who participate in prgpert

Studies conducted by [27]. In the Bamileke areamanagement planning activities have a greater dyptac

Cameroun, corroborates the feeling that land dyaizia f';idqpt _more sustainable  land management - practices,
L ) . i ; . indicating a link between knowledge and skills, ahd
major incentive to switch to intensive agriculturi

northern Benin, where the population density isdotihan Ca.?ﬁg't¥;fmcg;a2?:dgf'oslu orts inouts and could be an
100 inhabitants per kmz, intensive agriculture ischnless PP P

frequent than it is in the south where the popalati additional benefit for adoption of innovative yarased

density frequently exceeds 200 inhabitants per kmz. Zﬁf'jmcfl d:rs fa:,;ﬁltlersasin %]ajcl)?i‘waZ?: o?t];fn ?n&gr Ozges.
B. Adoption of Yam-Based System in Rotation with

: . S financial difficulties because of their low incomesd
the Mixed Intercropping Aeschynomene histrix and purchasing power. This situation limited inputs @isdion

Maize in the Research and Development and off (equipments, mineral fertilizers, seeds...). P@stearch

Research and Development Stes indicated that financial constraints were self-mépd by
The highest adoption in the Research and Developméand managers as an important barrier to the asiomif

(R & D) sites than off Research and Developmerdssit changed management practices [41]-[42]-[43]-[44H1

(off R & D) was probably due to more frequent[45]. For example, a study of land manager attislidethe

interactions between smallholder farmers and th& B Burdekin Dry Tropics region in northern Queensland
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found that operational and financial constraintsreve animal divagation, high fertilizers cost, legumasrtng,
perceived as the most important impediments to thend absence of markets for seed.
adoption of natural resource management activibes For the important constraint related to the ligrdfi
changed practices [15]. Similar surveys in the Btirn stems ofAeschynomene after two years growth and the
Mary and Queensland Murray Darling regions fourat th biomass incorporation, smallholder farmers adaptes
76% and 81% of respondents respectively identifiesh technology with the practice of early incorporatiafter
flow as the highest rated constraint. But neveets®l one year of biomass production or conducting both
studies showed that financial resources may nothke mulching and biomass incorporation into the soig(iFe
main limiting factor when land managers considet). Three-quarters of biomass could be manually
adopting new technologies or changed practices. Fmrcorporated into the soil in October-November dgri
example, [46] suggested that where it can be shivah ridging, and the remaining biomass could be lefttiom
farm family income exceeds $50,000 per year then ttsurface as mulch in order to reduce workloads edlab
constraints for undertaking changed practices were the incorporation. The practice of fire wall andefiof
necessarily financial. One suggestion is that lmathagers reference around the plot is necessary to avoidhtineing
may be constrained by the perception that improveaf the mulch in dry periods. The mulch will contite to
practices provide greater benefit to society ajdahan to protect seed yam from solar radiations, to impreoé
the individual. humidity and earthworms’ activity. Nevertheless deed
C. Adoption of Yam-Based System in Rotation with  production plot is needed in order to induce plaaterial
the Mixed Intercropping Aeschynomene histrix and ~ availability. However, the small size of seeds ahd
Maize According to the Gender problem of the management of seeds during plarsind)
The negative sign of thé parameters estimated for thearvesting were evocated. During the harvest orséfeel

variable gender shows that the women have much mdgeduction plot, the biomass ofeschynomene at
preference for yam-based system in rotation with thS€N€SCence was shaken within basins to colledlydhsi

mixed intercroppingeschynomene histrix and maizehan See‘?' (Figure 2). About the probIemA&chynomene s_eed
the men. Women who have more insecure land riglats £°Wing: smallholder farmers planted maize in Apﬁ.the
more prone to adopt TMA than men. This situatiors wallrst year. Aeschynomene seeds (7 kg 11 were mixed
observed on R & D sites and should be related tereal  With dry sand 21 kg/ha (3/4 sand - 1/4 seeds) anths
structures effects through contacts, trainings aahces. two weeks gfter the maize in order to avoid grammsses
In addition, the effect of herbaceous legumiesghynome ~ during planting. _ . .

histrix) should be expressed in short-term period with low, 1N€  €rop-livestock - integration - withAeschynomene
labour requirement and generate immediate incoraes fSnould be an opportunity for yam production in dyia
farm household. On the contrary, [21] former workll rotations, because of agro pastoral potentiathie
showed that male farmers are more likely to adbpnt GUinéa-Sudan zone of Benin. Integration of forage
women agroforestry in Cameroon. The authors argae t !egumes into the traditional fallow management balp

sustainable agricultural systems targeted to womdfProving both forage supply at a time of feed sitpr
farmers must be compatible with their land and tre@nd soil fertility. Corralling contracts in the festbased

tenure. Where women do not have secure rightsrtd, la CFOPPINg systems with forage legumes are imporitamn
technologies which require that land be put unckes for of crop—llve_stock interaction during the dry S.eag'f"d

a long period of time are unlikely to be adoptedimmen could contribute to manures supply and nutrientiogc
farmers. In such areas, short season improved wraldor the benefit of crops and soil. This practictires both
systems may be more appropriate for women farmef&anure and urine to soil and can conserve nutrients
Yam-based systems with herbaceous legumes wilglain A (_jeta||_ed _attention dese_r\_/es to be given to the
higher present value than traditional systems (enaiz1- technical, institutional and political problems ifeg end-
year Andropogonon gayanus fallow—yam) in the first 4 users ar]d more mformauon, as well as adwces are
years and appeared attractive for land, labour cagh 'eduired in order to improve the level of adoptairyam-
productivities [47]. based technologies with herbaceous legumes.

D. Adaptations of Yam-Based System in Rotation with

the Mixed Intercropping Aeschynomene histrix and V. CONCLUSION

Maize and Implications for the International
Applications

The study highlights that six main factors detemmin
Aesch iated for it vt adoption of innovative yam in rotation with the mik
_Aeschynomene was appreciated Tor 1S capacily .Ointercropping Aeschynomene histrix and maize in the
increase crop yield (yam) and supplemented the am'nbuinea-Sudan zone of Benin. Contact with reseascher

feeding ' according o farmers’ opinions. However, ,§ extension workers, credit service, populatiensity

smallholder farmers in the study area expressesdt@ints in zone, gender, and farm household size were ifitsht

for Aeschynomene used as more particularly the small size, majc;r discrim’inating factors for adoption. Tld@ption

gf §eeds| a?-d th(le_ pr]E)b(Ijemt of th;'\mahnagement gf Se‘?/g}s more significant in the area with denser pdmralt
unng planting, fignified s\ems oReschynomene atter a5 also more significant in Research and Developme

Sites. Formal financial credit for inputs is sigeant for

Aeschynomene biomass incorporation, crop COMPEUtion.qmaiiholder farmers and supports adoption. Womempiad
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the yam-based cropping system wibschynomene than
men. Although these systems are currently not yeéely
used by smallholders, we predict that they willdgepted [1]
as soon as land pressure increases. We then prépose
promote durable and replicable yam-based systertts wi
Aeschynomene, through a favourable legislative, economic
and political environment to support local initiegs.
Collaborations between research, development
extension structures should also be favoured tpatiphe
development and dissemination of innovations.
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Fig. 2. Aeschynomene histrix seeds harvesting in the
Guinea-Sudan zone of Benin On the seed productimn p [12]
the biomass ofAeschynomene at senescence is shaken
within basins to collect easily the seed. [13

[14]

(18]

[16]

(17]

Copyright © 2017 1JAIR, All right reserved

257

International Journal of Agriculture Innovations and Research

Volume 6, Issue2, ISSN (Online) 231-147:

REFERENCES

D. Cornet, P. Vernier, F. Amadji, and R. Asiedlntegration of
yam in cover crop-based cropping system: constaand
potential. Paper presented at the roots and tdbemistainable
development: issues and strategies," 2006, Praugeofi the
14th triennial symposium of the International Stcidor
Tropical Root Crops (ISTRC). Central Tuber Cropssédch
Institute, Thiruvananthapuram, Kerala, India.

L. Herrmann, "Staubde position auf Boden WestricAs.
Eigenschaften und Herkunftsgebiete der Staaubehuriinflu
auf Boden und Standortseigenschaftenn (Dustingtiposon
ground West Africas. Properties and areas of omdithe dusts
and their influence on soil and location charast&s),” 1996
Hohenheimer Bodenk. Hefte 36 Hohenheim University,
Stuttgart, Germany 236 p.

T. Gaiser, B. Fadegnon, M. Cretenet, and C. dgglb "Long-
term experience on a tropical Acrisol: Evolution ebil
properties and yield, "1999; UFZ-Bericht 24:153-156

S. Hauser, "Biomass production, nutrient uptakd partitioning
in planted Senna spectabilis, Flemingia macrophylla, and
Dactyladenia barteri fallow systems over three fallow/cropping
cycles on Ultisol," 2006, Paper presented at Trtgupnll-13
October 2006, Bonn, Germany.

J. Gockowsky, J. Tonye, D. Baker, S.F. Weisi&j-TT. Manga,
M. Ndoumbe, and A. Fouaguegue, "ASB report phadéalich
1999," 2002 IITA/IRAD, Yaounde, Cameroon.

P. Vernier, and R. A. Dossou, “An example ofieetarization of
yam cultivation: The case of Kokoro varieties ie Republic of
Benin. Atelier national sur le developpement dwabe la
production et de la consommation de l'igname ere @dvoire
(on the sustainable development of yam productiod a
consumption in Ivory Coast), 2001-10-23/2001-10-25)03,
Abidjan, Cote d'lvoire (lvory Coast). Agronomie iafine
(African agronomy), 15 (4, nu): 187-196.

M.B. Peoples, J.K. Ladha, and D.F. Herridge,ntigncing
legume N2 fixation through plant and soil manageetdos,
Plant Soil. 174:83-101

P. Vernier, and R.A. Dossou, "Adaptation of ygBioscorea
spp) cultivation to changing environment and ecoigom
constraints in Benin, Africa. In Proceedings of th&th
symposium of ISTRC," 2000, Tsukuba, Japan, 10-1801D:
ISTRC 2000. : 352-359

R.J. Carsky, B. Oyewole, and G. Tian, "Integtht soil
management for the Savana zone of W. Africa: Legtotagion
and fertilizer N," 1999, Nutrient Cycling in Agroesystems. 55:
95-105.

M. Becker, D. E. Johnson, and Z. J. Segdag"fidie of legume
fallows in intensified unpland rice-based systerfig/est Africa.
In Cover crops in West Africa. contributing to sistble
agriculture, eds. D. Buckles, A. Etéka, O. OsinaMe Galiba,
and G. Galiano," 1999. International DevelopmentsdRech
Centre, International Institute of Tropical Agriture, Sasakawa
Global 2000, Benin, pp 85-108.

T.V. Gaiser, and M.V. Shantaram, "In situ owdtion and
incorporation of green manure legumes in cocorbocgs
nucifera) based-systems: An approach to improve soil fertili
and microbial activity," 1984, Plant and Soil 80(3}3-380.

K.E. Giller, "Nitrogen Fixation in Tropical ©pping Systems,"
2001, 2nd ed. CAB International, Wallingford, UK.

T.E. Crews, and M.B. "Peoples, Legume versusliser sources
of nitrogen: ecological trade-offs and human née@g§04,
Agric. Ecosyst. Environ. 102, 279 — 297.

M.R.J. Battershill, and A.W. Gilg, "Socio-eammic constraints
and environmentally friendly farming in the soutlest of
England,"” 1997, Journal of Rural Studies 13 (23-228.

R. Greiner, L. Patterson and O. Miller, "Mattions, risk
perceptions and adoption of conservation practigefarmers,"
2008, Agricultural systems (in press).

A. Zannou, "Socio-economic, agronomic and roolar analysis
of yam and cowpea diversity in the Guinea-Sudamsttian zone
of Benin;" 2006, PhD Thesis, Wageningen Universit6 pp.

V. Agossou, and |. Mouinou, "Soil charactetiaa of the
Research-development sites of the CRA-Centre (AHural
Research Center): Classification in world referenaad



(18]

[19]

[20]

[21]

[22]
[23]

[24]

[25]
[26]

[27]

(28]

[29]

(30]

(31]

[32]

(33]

[34]

(35]

[36]

[37]

(38]

actualization index of their degradation level,"020 Scientific
Workshop in Central part of Benin (First edition§ 1o 19
December 2002, CRA-Centre/ INRAB/MAEP, Benin, 15 p.
G.S. Maddala, "Limited Dependent and QuaritiaVariables in
Econometrics. Econometric Society Monograms 3," 3198
Cambridge University Press, Cambridge.

J.R.R. Alavalapati, M.K. Luckert, D.S. Gill, Adoption of
agroforestry practices: a case study from Andhrad&sh, "
1995, India. Agroforestry. Systems 32, 1-14.

E.T. Ayuk, "Adoption of agroforestry technolpgthe case of
live hedges in central plateau of Burkina Faso,"9719
Agricultural Systems, 54, 189—-206.

A.A. Adesina, D. Mbila, G.B. Nkamleu, and D.ndamana,
"Econometric analysis of the determinants of adwopbf alley
farming by farmers in the forest zone of southw@ateroon,"
2000, Agriculture, Ecosystems and Environment &D(Q} 255—
265.

J.M. Wooldrige, "Introductory Econometrics: AVodern
Approach," 2000, South-Western College Publishing.

A. Agresti, "An Introduction to Categorical EBa Analysis,"
1996, John Wiley & Sons, New York.

W.H. Greene, "Econometric Analysis. PrenticallH Upper
saddle River, New Jersey. ICRAF, Agroforestry fastinable
Rural Development in the Zambezi Basin,” 2000, €ubj
Management Plan. International Center for Reseanth
Agroforestry, Nairobi, Kenya.

Rgph3, "Book of the villages and districtsaiy: department of
the hills," 2004, MPPD/INSAE, Cotonou, Benin.

Lares, "Inter-community problems in the opa&matof districts,"
2001, LARES, Cotonou, Benin, 253 p.

C. Dongmo, "Farm land space use and developimetropical
Africa: farmers’ perception and technical ratiohgli 1978,
Ouagadougou workshop 4-8 December 1978, Orstom.

L. Parrot, C. Dongmo,
"Horticulture, livelihoods, and urban transition iAfrica:
evidence from South-West Cameroon," 2008, Agricaltu
Economics 39, 245-256.

P. Bonnard, and S. Scherr, "Within genderetdhces in tree
management: is gender distinction a reliable corred994,
Agroforestry Systems 25, 71-93.

A.A. Adesina, O. Coulibaly, V.M. Manyong, P.Sanginga, D.
Mbila, J. Chianu, and D.G. Kamleu, "Policy shiftedaadoption
of alley farming in West and Central Africa," 1998[A annual
report, Ibadan, Nigeria, 50 pp.

L.A. Cameron, "The importance of learning letadoption of
high-yielding variety seeds,” 1999, American Jourraf
Agricultural Economics 81 (February), 83—94.

S. Neill, and D. Lee, "Explaining the adoptiand disadoption of
sustainable agriculture: the case of cover cropshanthern
Honduras," 2002, Economic Development and Cult@znge
49, 793-820.

R. Celis, and C. Holleman, "The effects of jpiiteg technology
on the household use of labor. In Adopting Improvearm
Technology. A Study of Smallholder Farmers in Easte
Province, Zambia," 1991, IFPRI, Washington, DC,.E@slis,
R., J.T Milimo, and S. Wanmali.

C.M. Moser, and C.B. Barrett, "The disappaigti adoption
dynamics of a yield increasing, low external-inpethnology:
the case of SRI in Madagascar," 2002, Journal aicAfural
systems, 76 (2003) 1085-1100

R. Maliki, F. Amadji, I. Adje, and C. Englehat'Some options
of the sail fertility management and the yieldsdization in the
Savannah zone in central part of Benin: Constraiits their
adoption," 2000, Bulletin of the Agronomic ReseaafBenin,
(28), 1-15.

P. Adegbola, and A. Arouna, "Socio-economitedainants of
the adoption of soil fertility management technésgin the
Southern Benin: an analysis with a multinominalitogodel,”
2004, Communication in the national scientific wairkp 2004,
INRAB/MAEP, 9 p.

J.O. Saka, V.O. Okoruwa, B.O. Lawal, and Sjofg, "Adoption
of Improved Rice Varieties among Small-Holder Fassn@n
South-Western Nigeria," 2005, World Journal of Agtiural
Sciences 1 (1): 42-49.

A.N. Atta-Krah, and P.A. Francis, "The role afi-farm trials in
the evaluation of composite technologies: the cafelley

M. Ndoumbe and C. Poupom

International Journal of Agriculture Innovations and Research

Volume 6, Issue2, ISSN (Online) 231-147:

farming in southern Nigeria," 1987, Agricultural si(gms 23,
133-152.

M.N. Versteeg, Amadiji, F., Eteka, A., Gogan, Koudokpon,
V., "Farmers’ adoptability of Mucuna fallowing aadroforestry
technologies in the Coastal Savanna of Benin,” 1998
Agricultural Systems 56, 269-287.

D.J. Pannell, G.R. Marshall, N. Barr, A. CartF. Vanclay and
R. Wilkinson, "Understanding and promoting adoptiof
conservation technologies by rural landholders," 0620
Australian Journal of Experimental Agriculture 4@07— 1424.
T. Besley, and A. Case, "Modeling technologgoption in
developing countries," 1993, American Economic Revi83
(May), 396-402.

M. Zeller, "Determinants of credit rationing:study of informal
lenders and formal credit groups in Madagascar941®orld
Development 22, 1895-1907.

A. Foster, and M. Rosenzweig, "Learning Byrdpand learning
from others: human capital and technical changegiticulture,"
1995, Journal of Political Economy.

J. Cary, T. Webb, and N. Barr, "Understandiaigd managers’
capacity to change to sustainable practices: itsigibout
practice adoption and social capacity for changép2, Bureau
of Rural Sciences, Canberra.

I. Byron, A. Curtis, and J. MacKay, "Providirgpcial data to
underpin catchment planning in the Queensland MtDarling
region," 2004, Bureau of Rural Sciences, Canberra.

R. Rendell, P. O'Callagan and N. Clark, "Faes| Farming &
the Future,"” 1996, Agriculture Victoria, Bendigo.

R. Maliki, M. Toukourou, B. Sinsin and P. Vén
"Productivity of yam-based systems with herbacelegsimes
and short fallows in the Guinea-Sudan transitiomezof Benin,"
2012, Nutrient Cycling in Agroecosystems, Vol. 921, p. 9.
DOI: 10.1007/s10705-011-9468-7.

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

AUTHOR’ S PROFILE

Raphiou Maliki is an Agronomist, with a PhD
Natural Resource Managent and Conservation
West Africa. He is Coordinator of Research .
Development (RB) in INRAB (National Agricultura
Research Institute of Benin). Interim Director dR&
8| Centre (Agricultural Research Center) of INRAB,
| Administrative and Technical Chief of CR@entre

AN E
ICRA Expert 1999(International Center in Agricultural Research

Development), National consultant FAO (Food and ié&gdture
Organization of the United Nations) of the Proj@&P/BEN/3002 (A)
Winner of The national Energy GletAward Benin 2014 awarded to
project (“Solar Systems for Energy S8itfficient Households”
member of PAEPARD and CGIAR networks. Roots andefsitExper
for the Green Innovations Center (CIVA) of AfricaRillTA Benin
(International Institute of Tpical Agriculture). Worked in clos
relationship with CIRAD Ifiternational Centre for Cooperation

Agronomic Research for DevelopmgnAuthor of several articles in tl
Integrated Soil Fertility Management and Conseorgtispeaks Frenc
and English. Fields of research (agroforestry systesedentaripasec
cropping systems, cover cropping systems, orgaolofical/ecologica
agriculture, cashew plant breeding and managemgsterss, Agrc
pastoral conflicts prevention and management, Qiim&hanges,
Green/Renewable Energy, Value Chains Productivity).

Copyright © 2017 1JAIR, All right reserved
258



