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Abstract We investigated dissemination processes of New
Rice for Africa (NERICA) varieties in central Benin in 2009
through structured interviews with 1,390 farmers and semi-
structured interviews with 203 farmers. By 2009, 74 % of
farmers belonging to a farmer group had experience of grow-
ing NERICA varieties, while only 29 % of farmers who did
not belong to the group had such experience. This difference
was attributed to approaches used by the public extension
service, which has mainly worked with farmer groups as an
entry point for NERICA dissemination. As women accounted
for 70 % of farmers in farmer groups, this approach achieved
gender equality on the adoption of NERICA varieties. The
seed production business has become an incentive for farmers
to grow NERICA varieties, as their seed may be purchased at
higher than local market price by the public sector for further
dissemination. Male farmers tended to sell greater amounts of
NERICA varieties, as female farmers have limited land for
their cultivation. Around 20 % of farmers had stopped grow-
ing NERICA varieties, because they did not receive proper
information on their characteristics and the cultivation
methods required. They therefore could not be involved in
the seed business. Farmers who had never grown NERICA
varieties reported that they had limited access to seed. Thus,
opportunities to access technologies and business opportuni-
ties should be made equal for farmers, especially when they

are introduced. In particular, farmer-to-farmer seed exchange
needs to be enhanced.

Keywords Farmergroups . Sub-SaharanAfrica . Technology
transfer . UplandNERICA . Rice

Introduction

A criticism has been made that agricultural development spe-
cialists often do not understand the actual conditions on the
ground of their projects (Chambers 1983). In particular,
resource-poor farmers who need support are often not consid-
ered as they tend to stay out of sight. Consequently, a devel-
opment might result in uneven spread of technologies and
increased gap between the rich and poor. Previous studies in
Sub-Saharan Africa (SSA) have found that adoption of new
technologies strongly depends on access to the market, new
technologies, credit, secure land tenure and literacy (Tripp
2001; Doss 2006; Minten and Barrett 2008). In other words,
resource-poor farmers who often have limited access to the
market, credit and land, and are illiterate, would not benefit
from new technologies. Furthermore, gender inequality also
affects the adoption of new technologies (Doss 2001; Aterido
et al. 2013). Thus, it is critical to develop and disseminate
technologies that are gender-neutral and especially targeted
to resource-poor farmers, and to develop a pathway or
technology-transfer approach that can alleviate the above-
mentioned obstacles to poverty reduction.

Although rice consumption in SSA has been increasing at
about 5.5 % per year (2000–2010 average), only 40 % of this
consumption is satisfied by domestic production (Saito et al.
2015). SSA countries spend huge budgets annually on about
10 million tonnes of imported rice (Seck et al. 2010).
Therefore, governments in SSA countries, international
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agencies and donors give high priority to developing the rice
sector as a vital component of food security, national econom-
ic growth and poverty alleviation (World Bank 2007; Kijima
et al. 2012; De Graft-Johnson et al. 2014). Upland New Rice
for Africa (NERICA) varieties were developed by Africa Rice
Center (AfricaRice) through crossing high-yielding Asian rice
(Oryza sativa L.) with African rice (O. glaberrima Steud.)
adapted to harsh environments in SSA (Somado et al. 2008).
Previous field studies showed upland NERICA varieties ma-
tured early, allowing them to escape terminal drought, and
were high yielding, especially on fertile soil (Saito and
Futakuchi 2009; Saito et al. 2012, 2014). Therefore, as has
been frequently documented, NERICA has great potential for
improving rice production and reducing the poverty of rice
farmers in SSA (Otsuka and Kalirajan 2006; Sakurai 2006;
Diao et al. 2008; Otsuka and Kijima 2010) and has already
improved farmers’ livelihoods in some SSA countries (Kijima
et al. 2006; Adekambi et al. 2009; Dibba et al. 2012).
Although nearly all of the case studies regarding NERICA
introduction report farmers’ adoption of NERICA varieties
and their impact on livelihoods, there is limited information
on how NERICA varieties are disseminated.

To promote agricultural sector development and increase
rice production in SSA, improved varieties can play a signif-
icant role as indicated by upland NERICA varieties (Lanteri
and Quagliotti 1997; Dalton and Guei 2003). However, poor
availability and quality of seed of have been constraints to
farmer adoption (Lanteri and Quagliotti 1997; David et al.
2002; Bam et al. 2007). In most West African countries since
the 1990s, seed dissemination has mainly relied on national
extension systems (Anyonge et al. 2001; Okry et al. 2011).
However, such public, formal seed systems often do not serve
farmers well because of limited budgets for seed production
and dissemination (Seboka and Deressa 1999; Ndjeunga
2002; van Mele et al. 2011). Furthermore, the private sector
has shown little interest in the seed business (van Mele et al.
2011). As an alternative approach to fill the gap in seed sys-
tems, much attention has been paid to farmer-to-farmer ex-
change within farmers’ social informal networks (Seboka
and Deressa 1999; Ndjeunga 2002; Kiptot et al. 2006).
Participatory farmer-based seed production systems in SSA
have also been proposed to promote such farmer-to-farmer
exchange (e.g. community-based seed system; Bèye and
Wopereis 2014). In these systems, seed of ‘acceptable quality’
is produced by large numbers of farmers and sold to other
farmers. However, the reality is that such seed has mainly
been purchased by agricultural development projects for dis-
tribution to farmers. Such projects often only provide infor-
mation on the amount of seed disseminated and budget (LSB
project 2009; FAO 2010; Caritas International Belgium 2011)
and there is limited information on how seed has been pro-
duced or collected for dissemination. This was the case for the
study site in central Benin, reported in this paper, where

upland NERICA seed was produced by farmers in an informal
way for further dissemination. Consequently, it is possible
that, owing to variability of seed distribution at the village
level, benefit from new varieties might not reach resource-
poor farmers (Sperling and Loevinsohn 1993; Tripp 2001).

The objectives of this study were to: (i) describe NERICA
dissemination among farmers and the seed production system
in a village in central Benin; (ii) describe farmers’ reasons for
cultivating NERICA varieties; (iii) identify factors affecting
adoption of NERICA varieties and their seed production and
sale; and (iv) examine how the NERICA seed production
system affects adoption of NERICA cultivation.

Materials and methods

Description of the study area

This study was conducted at Sowe village, Kpakpasa
Arrondissement, Glazoué commune, Zou-Collines depart-
ment in central Benin from September to November 2009.
This village was selected because many actors have been in-
volved in NERICA dissemination activities. The regional ex-
tension service (Centre communal pour la promotion agricole,
CeCPA), NGOs, Institut National des Recherches Agricole du
Bénin (INRAB), and AfricaRice have implemented research
and development activities related to NERICAvarieties in this
village. Sowe is approximately 169 km northwest of Porto-
Novo (the capital of Benin); its population was 3,351 inhabi-
tants in 2004 (MCPPD 2004). Ethnicity of the inhabitants is
mainly Idaatcha, Fon and Mahi. The rainy season starts in
March or April and ends in November. Farmers generally
cultivate cassava (Manihot esculenta Crantz), maize (Zea
mays L.), yam (Dioscorea spp.), cowpea (Vigna unguiculata
(L.) Walp.), soybean (Glycine max (L.) Merr.), rice, peanut
(Arachis hypogaea L.) and vegetables (Table 1). The cropping
calendar of different crops is similar among farmers in the
village. At the onset of the rainy season, cassava, maize and
cowpea are planted. Rice is generally planted in June and July,
but some farmers plant in August mainly due to labor shortage
and delayed planting of other crops. Delayed rice planting
runs the risk of terminal drought at the end of the wet season
(Mr. Takemura, personal communication). Rice is generally
grown in relatively low-lying areas, so-called ‘bas-fond’. Rice
is generally grown as a commercial crop, for self-consumption
or both, without standing water, except for a few days after
heavy rains. Both upland and lowland rice varieties are grown
in this area. Popular varieties are Gambiaka, WAB32,
NERICA 1, NERICA 2 and NERICA 4. Average rice yield
in Glazoué commune (2002–2008) was around 2 t/ha
(CeCPA, personal communication, 2009).

In the village, there were 14 farmer groups, which mainly
aim to cooperate on rice cultivation (land preparation, sowing,
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weeding, harvesting and/or threshing). Overall the average
number of members per group was 52 farmers, ranging from
15 to 300. Five of the farmer groups included processing and
sale of their products. Furthermore, two and 13 groups had
micro-credit systems for members and safety-net systems, re-
spectively. The oldest farmer group was established in 1991,
and the most recent in 2008.

Survey

We conducted interviews with staff of CeCPA, INRAB and
AfricaRice to gather information on projects related to
NERICA varieties in the study area and on the history and
approaches to NERICA dissemination. In the target village,
interviews were conducted with 1,390 randomly selected
farmers, using a structured questionnaire to gather information
on socio-demographic data (Table 2).Within households, hus-
bands and wives have separate budgets and sometimes culti-
vate crops separately (LeMay-Boucher 2007). To take this
into account, we interviewed men and women separately.
We also conducted a survey using semi-structured question-
naires with 203 purposely selected farmers in four groups
identified from the first survey. The groups consisted of: (i)
farmers who benefited from the current seed production sys-
tem introduced by CeCPA through selling more than 200 kg
of seed of NERICA varieties to CeCPA in 2008 (n = 30
interviewed out of 33 found in the first survey); (ii) farmers
who sold more than 400 kg of NERICAvarieties on the local
market without selling to CeCPA (n= 28 out of 35); (iii)
farmers who had already stopped growing NERICA varieties
(n=83 out of 153); and (iv) farmers who never cultivated
NERICA varieties (n=120 out of 550). In this study, farmers
who had experience of NERICA cultivation at least once are
referred to as ‘NERICA-experienced farmers’ (n = 751),
farmers who had already stopped NERICA cultivation are

referred to as ‘dropout farmers’ (n=153), farmers who had
never cultivated NERICA are referred to as ‘non-NERICA
farmers’ (n=550), farmers who belonged to a farmer group
are referred to as ‘group members’, and farmers who did not
belong to a farmer group are referred to as ‘non-members’.

Statistical analysis

To select the best-fitting regression model for explaining var-
iation in experience of cultivating NERICA at least once (yes
or no), NERICA cultivation area in 2009 (ha), NERICA sale
as seed to CeCPA in 2008 (yes or no), NERICA sale on the
local market in 2008 (yes or no), and NERICA sales volume
to CeCPA and local market in 2008 (kg), we used six different
models in each analysis using multivariate logistic regression
or multiple regression analysis with socio-demographic pre-
dictors (Hocking 1976; Glonek and McCullagh 1995). All
tested models are shown in Table 3; selection of predictors
was based on results of descriptive analysis using data from
the two surveys and findings from previous studies (Kijima et
a l . 2006, 2011; Kij ima and Sserunkuuma 2013;
Kinkingninhoun-Mêdagbé et al. 2014). Numbers of samples
differed among objectives of the analyses (Table 3). For ex-
ample, for identifying factors affecting NERICA cultivation at
least once, we used data from farmers who had grown rice
(farmers who do not grow rice are not included in this analy-
sis) (Table 3). Except for Models 7 to 12, all models used six
predictors: four predictors were common for each objective of
analysis; for each model, two predictors were selected from
the remaining four. Models 7 to 12 used seven predictors with
five common ones. The best-fitting model was selected based
on the lowest Akaike’s information criterion (AIC) among the
six models (Akaike 1974; Gongotchame et al. 2014).
Student’s t-test and chi-square test were applied to compare
socio-demographic characteristics and answers to questions

Table 1 Cropping calendar of major crops and vegetables at Sowe village, central Benin.

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Comment

Cassava Pa P P P Harvesting will be after
one year from planting

Yam P P P Ha H H H H

Maize P P H H

Rice P P P H H H

Cowpea (early planting) P H H

Cowpea (late planting) P H H

Soybean P P H H H

Peanut P H H

Okra P P H H H

Tomato P P H H H

a P and H indicate planting and harvesting, respectively.

Source Mr. Takemura (personal communication).
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regarding NERICA cultivation between group members and
non-members (Mann and Wald 1942; Hotelling 1951). R ver-
sion 3.0.2 was used for all analyses (R Core Team 2013).

Results

Description of rice cultivation, process of NERICA
dissemination and its adoption by farmers

In Benin, NERICA varieties were introduced in 1998
(Adekambi et al. 2009). In Sowe village, NGOs (Veco and
Rabema) introduced NERICA varieties in 2002. Since then,
INRAB has also provided farmers in this village with
NERICA seed. During the survey period, two national pro-
grams of NERICA dissemination were under way in this area.
CeCPA implemented all the activities of these two programs
in Glazoué. Programme de diffusion du riz NERICA (PDRN)
was established in 2006 as a national agricultural development
project. Activities of PDRN included participatory varietal
selection (PVS), dissemination of NERICA varieties and
farmer-based seed production. The Arrondissement
(borough) of Kpakpasa consists of four villages (Kpakpasa,
Yawa, Atogbo and Sowe). In 2009, CeCPA contracted seven
farmers (two each in Yawa and Atogbo, and three in Sowe) to
produce certificated NERICA seed for further dissemination

within this program. Programme d’urgence d’appui pour la
securité alimentaire (PUASA) was developed in 2008 to en-
sure food security after the food crisis of 2007–2008. PUASA
aimed to increase the amount of cereal production, including
NERICA varieties, through distribution of seed, mechaniza-
tion and credit for purchase of fertilizer. It was noted that
NERICA dissemination mainly focused on farmer groups,
and CeCPA preferentially disseminated to farmer groups
through enhancing access to seed and credit, and provided
training.

Only 6 % of respondents indicated that they had never
grown rice. Farmers’ experience of rice cultivation ranged
from 1 to 40 years. In 2009, rice cultivation area ranged from
0.04 to 16 ha, with an average of 0.4 ha per capita (Table 2).
Some 58 % of all those farmers surveyed who had ever culti-
vated rice for at least one season had experienced NERICA
cultivation for at least one season. NERICA-experienced
farmers dramatically increased in 2006 when PDRN started
to be implemented in this village (Fig. 1). The fact that group
members tended to have higher NERICA adoption in this
study reflected the approaches to NERICA dissemination.
Table 4 compares adoption rate of NERICA varieties and
socio-demographic parameters between group members and
non-members. In 2009, around 75 % of group members had
cultivated NERICA for at least one season (Fig. 1). In con-
trast, only 29 % of non-members had grown NERICA

Table 2 Socio-demographic
parameters collected via
structured questionnaire at Sowe
village, central Benin.

No. Description Parameter or range (mean ± standard deviation)

Discrete variables

1 Gender Female, male

2 Member of farmer group No, yes

3 Education No education, received primary education or more

4 Use of casual labor in agricultural activities No, yes

5 Experience of NERICA cultivation No, yes

6 How NERICA seed was obtained Free, purchased

7 Source of NERICA seed Family, extension service, member of affiliated
group, and others

8 Training on rice cultivation practice No, yes

9 Use of credit for agricultural activities No, yes

10 Off-farm business No, yes

13 Bought rice in 2008 Local market, other farmers, CeCPA, and others

14 Used fertilizer on rice cultivation in 2009 No, yes

15 Used herbicide on rice cultivation in 2009 No, yes

Continuous variables

16 Age From 14 to 95 years old (mean= 34.5 ± 13.7)

17 Years of experience in rice cultivation From 1 to 40 years (8.7 ± 5.0)

18 Year that farmer started NERICA cultivation From 2000 to 2009 (2006 ± 1.5)

19 Volume of NERICA sales in 2008 From 0 to 4,870 kg (193.0 ± 382.4)

20 Price of NERICA sales in 2008 From 0.19 to 1.67 US$a per kg (0.58 ± 0.20)

21 Area planted to rice in 2009 From 0.04 to 16 ha (0.38 ± 0.65)

a 1 US$ = 450.37 FCFA (9 September 2009).
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varieties at least one season. Around 19 and 25 % of
NERICA-experienced group members and non-members, re-
spectively, had stopped NERICA cultivation by 2009.
NERICA cultivation area in 2009 was larger in group mem-
bers’ fields than in non-members’ fields (0.21 ha cf. 0.15 ha,
on average), whereas total rice area in 2009 was not different
between the two groups.

Farmer group membership was characterized by a high
proportion of female farmers, farmers with more family mem-
bers, and farmers who tended to employ casual laborers, have
off-farm business, use credit for agricultural activities and
have training in rice cultivation. The dominant sources of
NERICA seed were other members for group members
(42 %) and family or relatives for non-members (52 %)

Table 3 Models used in
multivariate logistical and
multiple regression analyses.

Model # Parameter used

Farmers who had cultivated NERICA at least once (sample number: 1,301)

Model 1 AGE, EDUCATIONa, GENDER, TRAININGa, CREDITa and GROUPa

Model 2 AGE, EDUCATION, GENDER, TRAINING, CREDIT and LABORa

Model 3 AGE, EDUCATION, GENDER, TRAINING, CREDIT and OFF-FARMa

Model 4 AGE, EDUCATION, GENDER, TRAINING, GROUP and LABOR

Model 5 AGE, EDUCATION, GENDER, TRAINING, GROUP and OFF-FARM

Model 6 AGE, EDUCATION, GENDER, TRAINING, LABOR and OFF-FARM

NERICA cultivation area in 2009 (sample number: 751)

Model 7 CECPAa, FERTILIZERa, GROUP, HERBICIDEa, MARKETa, AGE and GENDER

Model 8 CECPA, FERTILIZER, GROUP, HERBICIDE, MARKET, AGE and SOURCEa

Model 9 CECPA, FERTILIZER, GROUP, HERBICIDE, MARKET, AGE and YEARa

Model 10 CECPA, FERTILIZER, GROUP, HERBICIDE, MARKET, GENDER and SOURCE

Model 11 CECPA, FERTILIZER, GROUP, HERBICIDE, MARKET, GENDER and YEAR

Model 12 CECPA, FERTILIZER, GROUP, HERBICIDE, MARKET, SOURCE and YEAR

NERICA sale as seed to CeCPA in 2008 (sample number: 587)

Model 13 EDUCATION, GENDER, GROUP, TRAINING, AGE and CREDIT

Model 14 EDUCATION, GENDER, GROUP, TRAINING, AGE and METHODa

Model 15 EDUCATION, GENDER, GROUP, TRAINING, AGE and YEAR

Model 16 EDUCATION, GENDER, GROUP, TRAINING, CREDIT and METHOD

Model 17 EDUCATION, GENDER, GROUP, TRAINING, CREDIT and YEAR

Model 18 EDUCATION, GENDER, GROUP, TRAINING, METHOD and YEAR

Sale on local market in 2008 (sample number: 587)

Model 19 GROUP, OFF-FARM, SALE CECPAa, TRAINING, AGE and CREDIT

Model 20 GROUP, OFF-FARM, SALE CECPA, TRAINING, AGE and GENDER

Model 21 GROUP, OFF-FARM, SALE CECPA, TRAINING, AGE and METHOD

Model 22 GROUP, OFF-FARM, SALE CECPA, TRAINING, CREDIT and GENDER

Model 23 GROUP, OFF-FARM, SALE CECPA, TRAINING, CREDIT and METHOD

Model 24 GROUP, OFF-FARM, SALE CECPA, TRAINING, GENDER and METHOD

Sales volume to CeCPA and local market in 2008 (sample number: 304 and 201, respectively)

Model 25 EDUCATION, GROUP, METHOD, SOURCE, CREDIT and GENDER

Model 26 EDUCATION, GROUP, METHOD, SOURCE, CREDIT and TRAINING

Model 27 EDUCATION, GROUP, METHOD, SOURCE, CREDIT and YEAR

Model 28 EDUCATION, GROUP, METHOD, SOURCE, GENDER and TRAINING

Model 29 EDUCATION, GROUP, METHOD, SOURCE, GENDER and YEAR

Model 30 EDUCATION, GROUP, METHOD, SOURCE, TRAINING and YEAR

a EDUCATION: received primary education, TRAINING: received training on rice cultivation, CREDIT: use of
credit for agricultural activities, GROUP: farmer group membership, LABOR: use of casual labor in agricultural
activities, OFF-FARM: have an off-farm business, CECPA: NERICA sales volume to CeCPA in 2008, FER-
TILIZER: use of fertilizer in rice cultivation in 2009, HERBICIDE: use of herbicide in rice cultivation in 2009,
MARKET: NERICA sales volume to local market in 2008, SOURCE: obtaining NERICA seed from CeCPA,
YEAR: years of experience in rice cultivation, METHOD: purchasing NERICA seed for beginning cultivation,
SALE CECPA: selling NERICA to CeCPA in 2008.
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Fig. 1 Change in proportion of
farmers who have experience in
NERICA, and proportion of
NERICA-cultivating farmers in
2008 and 2009 at Sowe village,
central Benin (n= 1301)

Table 4 Comparison of socio-
demographic characteristics and
status of rice cultivation in 2009
between farmers who belong to a
farmer group and those who do
not at Sowe village, central Benin
(total n = 1,390).

Group member
(n= 817)

Non-member
(n= 573)

No. farmers who grow rice in this survey (rice farmers) 817aa 484b

Females among total rice farmers (%) 70aa 44b

Age (average) 35ab 34a

Average no. years of rice cultivation experience 9ab 8b

Farmers without education among total rice farmers (%) 77aa 66b

Famers with more than 9 dependents among total rice-experienced
farmers (%)

55aa 47b

Farmers who employ casual laborers for agricultural activities among
total rice farmers (%)

75aa 68b

Farmers who have off-farm business among total rice farmers (%) 39aa 32b

Farmers who use credit for agricultural activities among total rice
farmers (%)

63aa 51b

Famers who received training on rice cultivation among total rice
farmers (%)

68aa 23b

Farmers who cultivated NERICA at least once among total rice
farmers (%)

75aa 29b

Farmers who abandoned NERICA cultivation among farmers who
cultivated NERICA at least once (%)

19aa 25a

Status of rice cultivation in 2009

Farmers who cultivated rice in 2009 among total rice farmers (%) 98aa 91b

Rice area in 2009 (average) (ha per farmer) 0.48ab 0.41a

Farmers who cultivated NERICA in 2009 among farmers who
cultivated NERICA at least once (%)

81aa 75a

Farmers who cultivated only NERICA in 2009 among total farmers
who cultivated rice in 2009 (%)

31aa 22b

Farmers who used fertilizer on NERICA cultivation in 2009 among
farmers who cultivated NERICA in 2009 (%)

100aa 100a

Farmers who used credit for purchasing fertilizer to cultivate NERICA
among farmers who cultivated NERICA in 2009 (%)

72aa 56b

Farmers who used herbicide on NERICA cultivation in 2009 among
farmers who cultivated NERICA in 2009 (%)

4aa 9a

Plot size for NERICA (ha per farmer who grew NERICA in 2009) 0.21ab 0.15b

aWithin a row, the same letter indicates no significant difference between means for group members and non-
members according to χ2 -test at the 5 % level.
bWithin a row, the same letter indicates no significant difference between means for group members and non-
members according to t-test at the 5 % level.
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(Table 5). Although non-members were more likely to buy
seed than group members, more than half of group members
and non-members who bought seed paid double the local
market price of rice paddy.

More than half of all farmers who sold NERICA seed in
2008 (n=562) sold it to CeCPA at double the local market
price for rice paddy (Table 6). Some 36% of total farmers who
sold NERICA in 2008 (37 and 29 % of group members and
non-members, respectively), sold NERICA on the local
market.

Factors affecting farmers’ experience of NERICA
varieties, cultivation area and sales

Multivariate logistic regression analysis for identifying factors
affecting experience of cultivating NERICA at least once
identified Model 1 as the best-fitting one based on AIC score
(AIC=1,422) (Table 7). Among the six predictors, five were
statistically significant. Group members, younger and educat-
ed farmers tended to cultivate NERICAvarieties at least once.
NERICA-experienced farmers tended to have received train-
ing on rice cultivation from CeCPA and use credit for agricul-
tural activities.

To explain the variation in area planted to NERICA varie-
ties in 2009, Model 7 was selected as the best fit (AIC=7.66)
(Table 8). All seven predictors in this model were statistically
significant. Male farmers, older farmers and group members
tended to cultivate NERICAvarieties on larger areas. Farmers
who took credit and used fertilizer and herbicide on NERICA
in 2009 tended to plant NERICA varieties over a larger area
than other farmers. Farmers who planted NERICAvarieties on
a large area in 2009 tended to have sold a great deal of
NERICA on the local market or to CeCPA in 2008.

Multivariate logistic regression analysis for identifying fac-
tors affecting NERICA sale as seed to CeCPA in 2008 identi-
fied Model 14 as the best fit (AIC=818) (Table 7). In this
model, only one predictor was statistically significant.
Farmers who did not have training on rice cultivation tended
to sell NERICA varieties. For identifying factors affecting
NERICA sale on the local market, Model 20 was identified
as the best fit (AIC=441) (Table 7). Apart from TRAINING,
five out of six predictors in the model were significant. Group
member, male and younger farmers tended to sell NERICA on
the local market. Farmers who sold NERICA to CeCPA and
did not have off-farm business tended to sell NERICA on the
local market.

Table 5 Source of NERICA seed, how NERICA seed was obtained, and cost of NERICA seed at Sowe village, central Benin (n= 751).

Source Source of NERICA seed (% of farmers
among total farmers who cultivated
NERICA at least once)b

% of farmers who bought NERICA
seed among total farmers who obtained
the seed from each sourceb

Average cost of NERICA seed
(US$a/kg)c

Group memberd Non-member Group member Non-member Group member Non-member

Family or relatives 22a 52b 51a 58a 0.81a 0.76a

CeCPA 9a 10a 62a 93b 0.83a 0.90a

Other member in the farmer group 42 65 0.79

Others 27a 38b 67a 75a 0.85a 0.77b

a 1 US$ = 450.37 FCFA (9 September 2009).
bWithin a pairing, the same letter indicates that there is no significant difference at 5 % level between means for group members and non-members
according to χ2 test.
cWithin a pairing, the same letter indicates that there is no significant difference at 5 % level between means for farmer group and non-group members
according to t-test.
d As there were significant differences in all three parameters between two groups, data are shown separately for group members and non-members.

Table 6 Percentage of farmers
who sold to buyers, average
paddy price and average sales
among farmers who sold
NERICA in 2008 at Sowe village,
central Benin (n= 562).

NERICA sold to Sales (% of farmers)b Average paddy price
(US$a/Kg)

Average sales
(Kg/capita)

CeCPA 54 0.71 131

Local market 36 0.39 295

Other farmers 6 0.57 159

Others (NGOs, intermediaries) 10 0.53 168

a 1 US$ = 450.37 FCFA (9 September 2009).
b Sum> 100 % because some respondents sold to more than one buyer.
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Model 25 (AIC=4,305) and Model 29 (AIC=2,930) were
identified as best-fitting models for identifying predictors af-
fecting variation in sales volume to CeCPA and on the local
market in 2008 (Table 8). Male and educated farmers, who
received credit for agricultural activities and NERICA seed
from CeCPA tended to sell a larger amount of NERICA to
CeCPA in 2008. Farmers who sold a large amount of
NERICA on the local market in 2008 tended to be male and
have more experience in rice cultivation.

Reasons why farmers had different adoption behavior
of NERICA varieties

Farmers who sold more than 200 kg NERICAvarieties as seed
to CeCPA in 2008

CeCPA purchased NERICA as seed at twice the local market
price (of paddy) for further dissemination as part of the farmer-
based seed production system. Farmers who sold seed to

CeCPAwere deemed to benefit from this system. These farmers
clearly recognized that sale of NERICA seed to CeCPA at high
price was an incentive to growing NERICA varieties (Table 9).
Other major reasons why these farmers grow NERICAvarieties
are the varieties’ short duration and desirable taste.

Farmers who sold more than 400 kg of NERICA varieties
as non-seed on the local market in 2008

Some 17 % of all farmers (total =201) who sold NERICA as
non-seed on the local market in 2008, sold more than 400 kg
NERICA on the local market (Table 6). Most of these farmers
recognized the benefit of selling NERICA seed to CeCPA
(Table 9). It is possible that they have recognized the benefit
through selling in previous years or heard of it from other
farmers. They also indicated that high yield, desirable taste
and short duration were major reasons for growing NERICA
varieties. On the other hand, none of the farmers reported
drought tolerance. This result differed from farmers who sold

Table 7 Socio-demographic
parameters of farmers who had
cultivated NERICA at least once
(n = 1,301), and parameters
affecting NERICA sale as seed to
CeCPA and local market
(n = 587), which were identified
via multivariate logistic analysis.

Parameter Coefficient Std error Waldχ2 P value Odds ratioa 95%CIb

Farmers who had cultivated NERICA at least once

AGE −0.01 0.01 6.68 <0.01*** 0.99 0.98–1.00

CREDIT 0.29 0.13 4.54 <0.05* 1.33 1.02–1.73

EDUCATION 0.65 0.16 15.86 <0.01*** 1.92 1.40–2.66

GENDER 0.28 0.15 3.40 0.07 1.32 0.98–1.77

GROUP 1.74 0.15 139.85 <0.01*** 5.70 4.29–7.64

TRAINING 1.17 0.14 66.23 <0.01*** 3.21 2.43–4.26

NERICA sale as seed to CeCPA

AGE 0.01 0.01 1.58 0.21 1.01 1.00–1.02

EDUCATION 0.02 0.20 0.01 0.94 1.02 0.68–1.51

GENDER −0.04 0.19 0.06 0.81 0.96 0.66–1.38

GROUP 0.10 0.23 0.17 0.68 1.10 0.70–1.74

METHOD −0.26 0.18 2.11 0.15 0.77 0.55–1.09

TRAINING −0.45 0.19 5.43 0.02* 0.64 0.44–0.93

NERICA sale on local market

AGE −0.04 0.01 13.42 <0.01*** 0.96 0.94–0.98

GENDER 0.97 0.27 12.94 <0.01*** 2.63 1.57–4.50

GROUP 0.93 0.35 7.13 <0.01** 2.54 1.29–5.10

OFF-FARM −1.36 0.26 26.90 <0.01*** 0.26 0.15–0.43

SALE CECPA 4.01 0.33 150.23 <0.01*** 0.02 0.01–0.03

TRAINING 0.10 0.29 0.12 0.73 1.10 0.63–1.94

a Odds ratio estimate of < 1 indicates that farmers with the reference characteristic tended to have characteristic
with response variable (e.g. farmers who had cultivated NERICA at least once). For example, for EDUCATION
in farmers who had cultivated NERICA at least once, farmers who had education tended to have experience in
NERICA cultivation.
b 95 % confidence interval for the estimated odds ratio.

For categorical variables, the reference of each predictor is ‘no’ except for GENDER, which we consider
‘female’.

*, ** and *** indicate significance at P < 0.05, P < 0.01, and P < 0.001, respectively.
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more than 200 kg NERICA varieties as seed to CeCPA in
2008, 10 of whom who indicated drought tolerance of
NERICA varieties was a reason. Why this is so is not known
as sampling size was limited and information regarding
drought stress in this village was not collected. Thus, further
investigation would be needed.

Farmers who did not sell NERICA seed to CeCPA in 2008
did not do so mainly for financial reasons: 86, 57 and 46 % of
these farmers indicated that they needed cash to solve family
problems (health, school expenses), had to pay back debt or
credit, or needed cash for living costs (sum >100 % because
some respondents gave more than one reasons). A further

39 % reported that, based on their previous experience, they
were worried that CeCPAwould delay payment and that they
could not risk this eventuality. In addition, some farmers also
indicated no opportunity to sell to CeCPA due to lack of
information.

Farmers who had already stopped growing NERICAvarieties

Farmers who had stopped growing NERICA (n=83) had
done so for multiple reasons: 53 % of the farmers indicated
low yield. Financial reasons related to cultivation or purchas-
ing of fertilizer was indicated by 33 and 27 %, respectively. A
further 20 % indicated seed unavailability and failure of cul-
tivation due to a lack of information on NERICAvarieties and
their cultivation. Difficulty in selling NERICA as seed was
indicated by 19 %. A further 17 % said that NERICA cultiva-
tion was too labor-intensive and that NERICA varieties were
often damaged by birds and rats.

Farmers who never cultivated NERICA varieties

Farmers who had never cultivated NERICA (n=120) reported
the following major reasons for this: unavailability of seed
(39 %); reputation for low yield (29 %); financial difficulty
in buying seed (27 %); difficulty in cultivating NERICA va-
rieties (24 %); preference for other varieties (18 %); lack of
fertilizer (18 %); unavailability of land (15 %); lack of infor-
mation about NERICA varieties (13 %).

Table 8 Socio-demographic
parameters affecting NERICA
cultivation area in 2009, and
affecting NERICA sales volume
to CeCPA and local market in
2008 (identified via multiple
regression analysis) and their
coefficients.

Parameter NERICA cultivation
area in 2009 (n= 751)

Sales volume to CeCPA (n= 304) Sales volume to
local market (n= 201)

AGE 2.2 × 10−3** N/A N/A

CECPA 3.4 × 10−4*** N/A N/A

CREDIT N/A 9.3 × 10** N/A

EDUCATION N/A 1.1 × 102** 7.0 × 10

FERTILIZER 8.7 × 10−2*** N/A N/A

GENDER 5.9 × 10−2** 1.0 × 102** 1.6 × 102**

GROUP 5.0 × 10−2* 7.0 × 10 3.4 × 10

HERBICIDE 1.6 × 10−1*** N/A N/A

MARKET 2.1 × 10−4*** N/A N/A

METHOD N/A −7.8 × 10* −9.6 × 10
SOURCE N/A 1.6 × 102** 3.1 × 10

YEAR N/A N/A 2.1 × 10***

R2 0.23 0.13 0.16

Adjusted R2 0.23 0.11 0.13

F-value 32.19 7.2 6.03

P-value <0.01*** <0.01*** <0.01***

For categorical variables, the reference of each predictor is ‘no’ except for GENDER, which we consider
‘female’.

*, ** and *** indicate significance at P< 0.05, P< 0.01, and P< 0.001, respectively.

Table 9 Reasons why NERICA-experienced farmers continue
NERICA cultivation (n= 58).

Farmers who sold more
than 200 kg NERICA as
seed to CeCPA (%, n = 30)a

Farmers who sold more
than 400 kg NERICA as
non-seed on local market
(%, n = 28)a

High price
paid by
CeCPA

100 82

Short duration 77 68

Desirable
taste

47 86

Drought
tolerance

33 0

High yield 13 93

a Sum >100 % because some respondents gave more than one reasons.
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Discussion

This study found relatively high adoption rate of NERICAvarie-
ties by farmers, especially those who were members of a group.
Apart from a study in Uganda (Kijima et al. 2011), the adoption
rate in this study is similar to or higher than previous studies in
SSA,which showed that 4, 19, 20, 40 and 45%adoption rates for
Côté d’Ivore, Nigeria, Guinea, The Gambia and Benin, respec-
tively (Diagne 2006; Diagne et al. 2009; Dibba et al. 2012;
Nguezet et al. 2013; Kinkingninhoun-Mêdagbé et al. 2014).
The reason for the relatively high adoption rate in our study was
the fact that CeCPA had preferentially disseminated NERICA to
farmer groups through enhancing access to seed and credit, and
provided training. Moreover, in this study, we considered only
one village where NERICA had been intensively introduced,
while other studies considered villages where NERICA varieties
were not officially introduced. Furthermore, this village is one of
the major seed-producing villages in the area. An approach using
farmer groups as an entry point for technology dissemination has
been supported by numerous reports, which indicate the effective-
ness of dissemination through groups, rather than individuals, for
sharing experience, information and materials, including seed
(Franzel et al. 2001; Haggar et al. 2001; Ndjeunga 2002).

The approach used for NERICA dissemination in this village
was effective for achieving gender equality in adoption of
NERICA varieties, as gender did not affect the adoption rate.
This was due to the fact that CeCPA had preferentially dissemi-
nated NERICA seed to farmer groups, membership of which was
around 70 % female. This is inconsistent with previous studies,
which found large gender gaps in adoption of agricultural tech-
nologies (Doss 2001; Doss and Morris 2001; Kinkingninhoun-
Mêdagbé et al. 2010; Aterido et al. 2013). On the other hand, we
confirmed that male farmers tended to sell greater volumes of
NERICA seed to CeCPA and local markets and this is likely to
be attributable to social structure linked with the fact that female
farmers have limited access to land. Apart from farmer group and
gender, we found that age, education, training and credit use were
also associated with adoption of NERICA varieties. This result
agrees with previous studies (Asuming-Brempong et al. 2011;
Ojehomon et al. 2012; Asante et al. 2014; Dibba et al. 2015).

It is expected that farmerswill share seed if supply is increased
at the farmer level through farmer-based seed production, and that
consequently the difference in NERICA adoption between group
members and non-members would decrease through farmer-to-
farmer exchange of seed and information. However, non-
NERICA-experienced farmers reported that lack of access to
NERICA seedwas one of themajor reasonswhy they never grew
NERICA varieties. As NERICA grains were sold to CeCPA as
seed or to other farmers, the seed should not have been limited in
general for seed exchange among farmers in this village. In farm-
er groups, seed was generally shared among group members. In
contrast, for non-members, seed-sharing was mainly through
family members and other relatives. Also, most farmers needed

to buy seed and there was limited farmer-to-farmer exchange of
seed at this study site. Similar results have been observed in
various locations in SSA, showing that small-scale farmers tend
to miss out on the benefits in farmer-to-farmer exchange ap-
proaches (Sperling and Loevinsohn 1993; Tripp 2001;
Almekinders et al. 2007). Sperling andLoevinsohn (1993) report-
ed that, in Rwanda, exchange is performed among a narrow set of
contacts, such as best friends, close family and neighbors. Kiptot
et al. (2006) reported that seed and knowledge were mostly
shared along kinship ties in Kenya. In South American
countries, Almekinders et al. (2007) point out that farmer-to-
farmer exchange depends on networks within each social class.
In agreement with these studies, our results suggest that there is a
need to strengthen farmer-to-farmer exchange in order to reduce
the bias in dissemination of new varieties. Seed pool systems and
seed loan systems may be applied as described by Witcombe et
al. (1999) who reported that a rice dissemination project in India
did not purchase seed for further distribution, but had a project-
organized seed pool system which enabled seed supply to other
villages. In seed loan systems, farmers who have received new
seed send some back after harvest to the seed pool. In these
systems, there is a risk that seed quality might not be maintained.

Although there were only three farmers contracted to produce
NERICA certified seed under the direction of CeCPA in this
study village before harvest, CeCPA purchased NERICA as seed
from 304 farmers in 2008. This is because CeCPA needed more
seed for further dissemination. Consequently, farmers could eas-
ily become seed producers without certification. CeCPA bought
NERICA seed from farmers at a higher price than the local
market. The amount of seed needed by CeCPA determined
how many farmers could sell how much seed. There would be
a large difference in income between farmerswho sold toCeCPA
and others who sold the same amount of NERICA on the local
market. It was therefore not surprising that farmers indicated
selling to CeCPA was one of their motivations for growing
NERICA.Male farmers grew NERICAvarieties on significantly
larger areas in 2009 and sold larger amounts of NERICA to
CeCPA in 2008 rather than female farmers. Furthermore male
farmers who used fertilizer and herbicide tended to plant
NERICA varieties on larger areas. Results from the semi-
structured interviews showed that resource-poor farmers tended
to sell NERICA on the local market because of an urgent need
for cash (caused by, e.g., family problems, cost of living and
repayment of credit). This result agrees with the quantitative
analysis in this study, showing that farmers who did not have
off-farm businesses tended to sell NERICA on the local market.
Consequently, these results indicate that there is a possibility that
female farmers and resource-poor farmers do not benefit from
seed business opportunities, and that there has been an increase in
the gap between rich and poor, and between male and female.
This is consistent with previous studies, which show that
farmers’ access to market, inputs and land are hindered by vari-
ous factors such as poverty and gender (Goetz 1992; Fafchamps
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andVargas-Hill 2005; Alene et al. 2008). Fafchamps andVargas-
Hill (2005) report that small-scale farmers often sell their produc-
tion to itinerant traders at a lower than market price at the farm
gate because they don’t have money to carry the crops to market.
Although there was no bias on adoption, we confirmed that there
was a bias on benefit from NERICA cultivation, in particular
seed business, between men and women due to existing gender
inequality in the village such as access to cultivation area, labor
and inputs.

Although we did find some key socio-demographic char-
acters of farmers who sold rice to CeCPA, we did not ask
CeCPA staff how they selected farmers to buy seed from, so
further investigation is needed to examine how connection
with CeCPA, farmers’ resource ability, and/or technical
knowledge and skill in rice cultivation affect selling to
CeCPA. The community-based seed production observed in
this study area does not seem to be a sustainable way of using
farmers’ expertise, as until and unless there is an assured seed
market, seed-producing farmers are always at risk. Proper
planning for determining seed needs for the next season and
strengthening contractual arrangement for seed business and
controlling seed quality should be considered in order to es-
tablish a sustainable seed production system.

Farmers, who grew NERICA varieties, reported that they
had higher yield. This may be related to their drought toler-
ance and escape from terminal drought due to their short du-
ration (Saito et al. 2012, 2015). In contrast, farmers who aban-
doned NERICA cultivation reported that they were low-
yielding and they had not been informed of appropriate culti-
vation practices. The reasons why some farmers identified
NERICA varieties as high yielding, but others not are proba-
bly due to differences in cultivation practices including agri-
cultural inputs, soil fertility, water conditions, and pests. If
NERICA varieties are grown with long-duration varieties,
they are damaged by rats or birds due to their short duration
(early maturity); consequently farmers would have reported
that NERICA varieties had low yield with problem from rats
or birds. Farmers who grew NERICAvarieties on a large area
and/or together with other group members would have re-
duced damage from birds or rats. Also, farmers who planted
NERICAvarieties later might have seen the benefit because of
their short duration allowing them to escape terminal drought
and consequent high yield in comparison with long-duration
varieties. Saito and Futakuchi (2009) found that NERICA 1
had high yields in fertile soils, but poor yields in soils of low
fertility. A similar tendency was observed with other NERICA
varieties in other studies (Saito et al. 2012, 2015). This is
supported by the present study. NERICA varieties had low
yields when farmers grew them on soils of low soil fertility
or with low fertilizer inputs due to lack of resources. In fact,
some farmers who stopped NERICA cultivation indicated that
they had financial difficulty in growing NERICA varieties as
they needed to buy fertilizer and other inputs. Further studies

are needed to quantify on-farm yield variation and understand
the causes of this variation. It is essential to disseminate infor-
mation on characteristics of new varieties and their cultivation
methods when they are about to be released.

Conclusion

Our study confirmed that a dissemination approach focusing
on farmer groups is effective in terms of enhancing technolo-
gy transfer and achieving gender equality in the adoption of
NERICAvarieties of rice. However, this approach aggravated
the bias in adoption of NERICA varieties between the target
group and non-target group in Sowe village. Furthermore,
lack of information on characteristics of NERICA varieties
and their cultivation practices caused poor adoption by the
non-target group. Thus, farmer-to-farmer seed and informa-
tion exchange should be enhanced beyond target groups.

Seed production business has become an incentive for
farmers to grow NERICAvarieties, as their seed is purchased
at more than the local market price by the public sector. It is
not surprising that farmers who already benefitted from selling
seed would not share such information or seed with others.
Furthermore, smallholders would not purchase seed of new
varieties such as NERICA as there is a risk that they would not
know how to grow them properly. Therefore, opportunities to
access technologies and business opportunities should be
made equal for farmer groups and smallholders, especially
when new varieties are introduced.

NERICA varieties have been considered as a technology
for contributing to poverty reduction in SSA. Numerous stud-
ies have reported that NERICA adoption contributed to im-
proving rice farmers’ livelihoods. However, the present study
shows that it is possible that NERICA introduction can en-
hance the biases between rich and poor, and between male and
female. Thus, consideration is required not only for what type
of technologies should be introduced, but also how they
should be disseminated.
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