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Abstract: The aim of this study is to identify the attributes of storage structures sought by maize
producers based on a choice experiment. The experimental processes took place in the maize
production areas of northern and central Benin. The sample consisted of 365 maize farmers
(80.55% male and 19.45% female) randomly selected from 40 villages. Data were collected and
analyzed using a latent class logit model to study the heterogeneous preferences of the key attributes
of storage structures. The results show that men and women are eager to change their current
practices and to adopt new storage technologies. The study identifies four potential producer
segments, including three large-farmer segments that have access to credit and are particularly
attracted to structures related to metal silos. Of those three segments, two are also attracted to
improved traditional silos. Another segment of poor farmers, who do not have access to credit,
prefer to have a very efficient structure (loss rate of less than 5%) that is designed with local materials.
This study suggests that knowledge of the heterogeneity of preferences, as well as the preferred
attributes, is important for the development and dissemination of better technologies by agribusiness
firms, institutions and policymakers.

Keywords: maize; storage structures; choice experiment; latent class logit model; willingness to
pay; Benin

1. Introduction

Food losses in West Africa and Southeast Africa are estimated at 120–170 kg/year, with 40% of
losses occurring in the post-harvest and processing stage [1]. Losses are estimated at approximately
15–20 million tons of cereals [2]. Post-harvest losses for cereals alone account for more than US $4
billion, i.e., 15% of the total production value [3]. Food security is a major challenge in Sub-Saharan
Africa mainly for food-deficit countries. The 2008 food and financial crises have heightened the focus
on post-harvest losses. Indeed, an important part of the production is lost or wasted throughout
the crop value chain from the initial agricultural production down to final household consumption.
Pest damage during storage is a serious constraint to both food security and households’ income in sub
Saharan Africa. Insects cause both grain weight and quality losses [4]. Moreover, the stored maize may
also be contaminated by pathogenic agents due to rodents that feed on maize. This can have a severe
impact on public health. Tefera [5] argued that traditional storage practices in developing countries do
not offer safe protection against major pests attacking food products such as maize, leading to 20–30%
losses. Farmers in developing countries have highly variable post-harvest losses (5 to 30%) depending
on weather conditions, harvest, shelf life and the presence of parasites [6]. Thus, small farmers are
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frequently forced to sell their grain earlier than they would like and buy it back as maize at a higher
price a few months after harvest.

Maize is the major cereal and staple food that is an important source of income and employment
for many farmers in Benin. The estimated per capita annual consumption was 136 kg in 2002 [7].
The average annual maize production and areas over the five-year period (2009–2014) accounted for
78% of annual total cereal production and for 82% of the total cereal area. Maize is stored in traditional
storage structures at village level and treated with protectant products. Although these structures and
conservation products in some cases seem to be adapted to the prevailing environmental conditions,
they are not always effective in protecting maize against pest infestation, leading to storage losses.
In Benin, estimates of losses after six months of storage range from 17% to 40% of the total maize
production [8,9]. In response to high rates of maize storage losses, granaries and insecticides to protect
grain in storage are being developed or adapted and diffused for use by producers in Benin since 1960.
Except the improved wooden and earthen made granaries and Sofagrain®, a commercial insecticide
for use in stored grain, none of the storage innovations was adopted [10]. Adégbola et al. [11] studied
the factors leading to the adoption of plant material-based improved granaries for storing maize
in southern Benin and concluded that dissemination remains one important element of adoption.
While studying the financial profitability of storage structures, Arouna et al. [12] concluded that
“building improved clay granaries requires that the farmer invests nearly twice the cost of traditional
granaries”. Adebayo et al. [13] evaluated the improved traditional storage structures of wood granaries
and improved mud granaries in two (02) regions of Nigeria and came to the conclusion that losses
are mostly due to pests, as these granaries do not maintain the required anaerobic environment that
is harmful to pests. The World Bank [3] observed that even improved traditional granaries have
been abandoned due to a lack of construction knowledge, a lack of space at homes and difficulties
in moving traditional granaries during fires. These popular technologies did not correspond to
producer expectations. Studies indicate that farmers’ perceptions of the main characteristics of an
innovation influence its expected relative value and subsequent adoption decisions [14–16]. Therefore,
in addition to the technical characteristics, farmers’ preferences for the characteristics of new storage
technologies should be taken into account during its development process, if widespread adoption is
to be achieved [17].

Few studies assess the characteristics perceived by farmers as important to the wide adoption
of a new agricultural technology. Exceptions are the works of [10,18]. These studies, using an
index approach developed by [19], assessed the desired characteristics of improved rice varieties and
maize storage structures, respectively and how they match with rice and maize producers’ needs.
Other exceptions are the studies by [20–24]. These studies used a full profile approach, in which
respondents’ rate or rank preferences for a set of “total” hypothetical products or product profiles.
The drawback of this approach is the possibility of information overload, particularly in developing
countries such as Benin. Consequently, the respondents ignore the variations in the less important
product’s characteristics or simplify their levels. This leads to unrealistic results, not representative of
the real-life behavior of the farmers. In addition, the segmentation of respondents is not straightforward.
Cluster analysis is used to group the respondents based on the similarity of their estimated preferences
and on their socio-demographic characteristics. Alternatively, heterogeneity is investigated by
interacting respondent-specific characteristics with product characteristics or alternative product
profiles. Very few articles available in the literature address farmers’ preferences for key characteristics
of agricultural technologies using a choice experiment (CE) approach and investigate preference
heterogeneity as well as the willingness to pay (WTP) [25–29]. In addition, none of these referred to
cereal or maize storage technologies. This is, therefore, the contribution of our study.

This study focuses on producer preferences for storage structures’ attributes using a stated
preference approach. There are other methods to address the preference such as the revealed preference
method. The revealed preference data are obtained by observing individual behavior in a real situation.
This is not used because the storage structures’ profiles that may be wanted by respondents do not yet
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exist and are hypothetical. Stated preference is a research methodology that clarifies information about
the preferences of decision-makers by confronting them with different hypothetical alternative choices
previously devised by the analyst [30–32]. The stated preference methodology offers the opportunity
to estimate the demand for non-existent technology attributes.

The objective of this study is three-fold. First, we assess farmers’ preferences for storage structures
by investigating the importance of storage structures’ characteristics on farmers’ choice of storage
structures in northern and central Benin. Second, through the results of the first step, we estimate
farmers’ willingness to pay (WTP) for the hypothetical storage structures or attributes. Third we
investigate heterogeneity among maize producers based on their preferences for individual or groups
of characteristics embodied in indigenous and/or new storage structures. Insight into the technological
characteristics demanded by farmers and understanding the differences across their segments may
guide the generation of appropriate storage structures. In addition, promotion and advertising
programs may be designed to target maize growers in the segment for the wide adoption and diffusion
of storage structures.

The choice experiment (CE) approach is used to achieve the objectives of this study. The latent class
logit model (LCL) is applied in the empirical model to estimate the probability that a maize producer
simultaneously chooses a given storage structure from a set of choices, based on his preferences
for the key storage structure attributes and belonging to a specific segment. Apart from the CE,
basic information about the socio-economic characteristics of maize producers was also collected.
Results show that farmers are likely to adopt new storage structures. This study identifies four
potential producer segments, including three large-farmer segments that have access to credit and
show a strong preference for the metal silos.

The remainder of this article is as follows: The next section describes the materials and the discrete
choice experiment method as well as the empirical model used. Section three presents the estimation
results. The findings of this study are discussed in Section 4. The final section provides conclusions
and implications for the generation and dissemination of appropriate storage structures for each
farmer’s segment.

2. Materials and Methods

2.1. Study Area

This study was conducted in northern and central regions of Benin in West Africa. The country
covers an area of 114.763 km2 and is located in the tropical zone between the equator and the Tropic of
Cancer between parallels 6◦30′ and 12◦30′ north latitude and meridians 1◦ and 30◦40′ east longitude.
It is bordered to the south by the Gulf of Benin, to the East by the Federal Republic of Nigeria,
to the west by the Republic of Togo and to the north by the Republics of Burkina-Faso and Niger.
Since 2016, it is divided into seven poles of agricultural development. This zone is characterized by the
Sudano–Sahelian and Sudano–Guinean weather zones, and crop production is dominated by cereals.
Cereal production is growing at an annual average rate of 6.5%; this value is higher than the growth
rate of the population, which is estimated at 3.5% annual growth [33]. This growth is mainly driven by
the cultivation of maize, the main staple food of the Benin population.

2.2. Sampling

The sampling approach used for the study was a 2-stage stratified simple random technique.
To take into account the weather conditions as well as the factors that influence the use of the maize
storage structures and the results of the producers, a stratification was done according to department
at the level of agricultural development poles (PDA). Benin has been divided into seven agricultural
development poles (Figure 1), which are areas with the same agro-climatic conditions and which
include several departments.
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Figure 1. Study area in Benin.

Based of maize production statistics for the last ten (10) years by department and by municipality,
and the results of a farm characterization study (village level) conducted by the National Program for
the Analysis of Agricultural Policies [34], providing the basic statistics of maize production by village,
the number of villages producing maize in each department in each PDA was assessed. Using the
Dillman [35] formula, the number of villages to be surveyed in each department was determined.
In each department, the villages were randomly selected using the Excel “Random” from the list
of maize producing villages. Thirty-nine (39) villages in twenty-one (21) municipalities in five (5)
departments were selected based on the volume of maize production.

At the level of the selected villages, the number of maize farmers to be surveyed was set at
10 farmers per village. These farmers (390) were randomly selected from the 39 maize producing
villages in northern and central Benin. In total, 365 farmers were interviewed out of 390 planned.
The survey unit was composed of 365 farmers and maize stockers (80.55% male and 19.45% female)
randomly selected from thirty-nine (39) maize production-area villages in northern and central Benin.

The exploratory survey took place in June 2017 and the questionnaire was developed in July 2017.
The pre-test was done in three rounds of interviews in July 2017 and minor corrections and modifications
were added to the questionnaire. The questionnaire was divided into five parts: the general characteristics
of the area; the respondents’ characteristics; the storage practices; the importance of the choice attributes,
and the choice of storage structures. The survey was conducted in August 2017, using face-to-face
interviews in local languages of the respondents and data were registered on tablets.
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To minimize the biases that may affect the quality of collected information, the entire team
(authors, supervisors and enumerators) clearly explained, and agreed on, the objectives, concepts,
and pictorial descriptions of the profiles. In the field, the enumerators explained the concepts and
objectives of the survey and presented pictorial descriptions (attributes and levels) of the profiles to
the respondents.

Each respondent was not to choose the q0 status more than twice in all of the choices if they had
to opt for his current practice [28,36]. He was, therefore, forced to give importance to the different
profiles in play.

2.3. Conceptual Framework

2.3.1. Choice Experiment (CE) Approach

Lancaster’s theory of economic agent behavior [37] identifies choice experiences or preferences.
Preference of study methods (conjoint analysis, contingent valuation, choice experiment etc.) usually
focus on the theory of random utility and rely on assumptions of economic rationality and utility
maximization [38,39]. The choice experiment method is very popular and provides a solid base for
stated preference studies by providing the benefits sought by different individual categories [40–42].
Several choice experiment data collection approaches have emerged, and the one related to the discrete
approach is much easier than the other approaches [42–44]. To analyze discrete choice data, most
models use the random utility theory [45,46]. In random utility models, the probability of observing a
specific fulfillment of the choice being modeled is determined by a decision rule formulated as latent
or unobservable variables associated with choice [47]. Thus, the indirect utility (U) that a producer (i)
receives from a structure’s attributes for an alternative (j) takes the following linear form:

Uij = Vij + jεij j = 1, . . . , K and i = 1, . . . , n (1)

where Vij is the deterministic (non-stochastic) part of the utility and εij is the random part (or stochastic
part consisting of the model error terms), which takes into account uncertainty. Depending on the
hypotheses adopted to represent the distribution of the random part, different models of discrete
choice can be distinguished. Mathematically, discrete choice models are generally based on the
hypothesis that utility function choice probabilities can be estimated by using the multinomial
logit model (MNL) [48]. However, this model has limitations related to Gumbel’s hypothesis of
identically distributed independence (IDI) of error terms between alternatives and observations and
thus presumes a homogeneity of preferences [49,50]. Another major deficiency of the MNL is related
to the independence of irrelevant alternatives (IIA) hypothesis [46]. To overcome these limitations,
the alternative flexible models that are used the most are mixed logit, (MXL), random parameters
logit (RPL), error component logit, (ECL), generalized multinomial logit, latent class (LCL) model,
etc. [38,46,49]. The MXL makes it possible to detect any unobserved heterogeneity in preferences [26].
The LCL model does not violate the IIA hypothesis and differs from the MXL model, as it admits
that coefficient distribution can be discrete rather than continuous. It uses a statistical methodology
based on the concept of likelihood to identify the sources of heterogeneity at the segment level rather
than the individual level, similar to the MXL model [27]. This model is increasingly applied in recent
segmentation studies and generates good results [25,27,28].

2.3.2. Latent Class Logit Model

The latent class logit model estimates the probability that a producer simultaneously chooses a
given technology from a set of choices and belongs to a specific segment [25]. Considering a producer,
i, who chooses an alternative, j, from among K alternative technologies in a set of choices; assuming
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that the producer belongs to a customer segment s with s ∈ S, the indirect utility function for the
producer’s preferred technology profile, j, is written as follows:

Uij/s = Xijβs + εij/s (2)

where Xij is a vector representing the attributes related to K alternatives, βs is the s segment and
the parameter vector associated with the vector Xij and εij/s is an error term. Assuming that error
terms are independently and identically distributed (IID) and comply with the Gumbel distribution,
the probability that producer i chooses an alternative from among the K alternatives while belonging
to a given segment is:

PK/s =
k

∏
1

exp(Xij βs)

∑k
1 exp(Xikβs)

(3)

Now, let us consider M∗ns = λsZn + ξns to be a function of the probability (Ps) of belonging
to a segment (s) among the S unobservable segments, where Z represents the socio-demographic
characteristics of the producer and λs (s = “1.2, 3, . . . S”) represents the specific parameters used
to estimate each segment. We assume that the error terms, ξns are independently and identically
distributed among farmers and segments and align with a Gumbel model. The probability that a
producer belongs to a segment, s, can be expressed as follows:

Ps =
exp(λsZn)

∑S
1 exp(λSZn)

(4)

By combining Equations (3) and (4), we obtain the following expression representing the
probability that a producer i belongs to a segment s and chooses the technology profile j:

Pjn/s =
S

∑
1

PsPK/s =
S

∑
1
(

exp(λsZn)

∑S
1 exp(λSZn)

k

∏
1

exp(Xij βs)

∑k
1 exp(Xikβs)

) (5)

The log function of likelihood to be maximized to obtain parameters λs and βs is expressed
as follows:

L = ∑
k

∑
n

IilnPjn/s (6)

where Ii is an indicator variable of the choice observed.
The parameters estimated from latent class logit models can also be used to calculate WTP for

each attribute, which helps in understanding the respondents’ motivations and quantifying their
preference levels for the attributes. Supposing there is an attribute X1 for which we want to estimate
WTP1. The estimated parameter β1 of the attribute X1 can be interpreted as the marginal utility of this
attribute. In addition, let us call δ the parameter estimated for the cost attribute, i.e., “the structure
or product cost”, which represents the marginal utility of money [51]. The marginal consent to pay
associated with the attribute X1 is expressed by the following formula:

CAP1 = − β1

δ
(7)

According to the authors of [28,29,52], implementing a choice experiment involves the following
steps: identification of relevant attributes and definition of terms, development and presentation of
profiles for the collection of preferences, data collection and data analysis.

2.3.3. Identification of Relevant Attributes and Attribute Levels

Since the choice experiment survey technique is characterized by a statistical design of
hypothetical profiles [52], theoretical profiles of storage structures were designed from the main
attributes and levels of the declared choice attributes. The analysis of the exploratory phase data with
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a focus group was conducted using an interview guide developed on the basis of previous studies,
which helped to identify an exhaustive list of the main attributes (Table A1 in Appendix A). As a result,
six (06) main attributes were selected using the Kendall ranking method. The following attributes and
their associated definitions and attribute levels were used during the experiment of choice (Table 1).

Table 1. Storage Structure Attributes and Attribute Levels.

Attributes Description Attribute Levels

1 Capacity Contain of storage structure is determined by the
volume of maize production.

1 = Large (>500 kg)
2 = Medium (250–500 kg)
3 = Small (25–250 kg)

2 Storage shape Storage form
1 = Grain
2 = Cobs
3 = Stalk

3 Efficiency Effectiveness against pest attacks based on the
rates of losses

1 = Very effective (<5% loss)
2 = Less effective (5–30% loss)
3 = Not effective (>30% loss)

4 Type of building
material

Local (traditional or improved) and imported
materials

1 = Imported
2 = Improved
3 = Traditional

5 Life span (years) Length of life of storage structure 0 = long (>4 years)
1 = short (<4 years)

6 Cost (FCFA) Price of building or of purchase (FCFA) 600; 15,000; 25,000; 40,000;
50,000; 110,000

The volume of maize production naturally specifies the structure capacity [10,53]. One can
assume heterogeneity in preferences, as some farmers will prefer large-capacity structures, and others
will prefer small-capacity structures. The storage shape (grain, cobs or stalks) guides their choice of
structure [53,54]. The introduction of plastic cans, bags and improved silos equipped with a drainage
valve by research agencies and NGOs has led farmers to first shell the maize to store it in the form of
grain [53,55]. This form of preservation facilitates destocking and pest control operations. We therefore
state the hypothesis that grain maize storage will be more preferred. The shape and materials of storage
used vary from one area to another depending on agro-climatic requirements, ethnological factors
and some socio-economic conditions [56,57] and the financial means, the non-availability of building
materials and the lack of building skills [10,54,58]. The efficiency of storage structure trial results
showed that losses ranged between 5% and 30%. Other categories of structures, such as metal silos
and bags, have been developed recently, reducing losses to a rate of less than 5% [55,59]. We assume
that storage structures that are more effective against pest attacks will be more preferred. For life span,
we assume that farmers will particularly prefer structures that have a long life span, which will allow
them to save money over many years. Earlier research on technology adoption has shown that the
cost of acquiring new technologies is still high and often hinders their adoption [11,60]. We then state
the hypothesis that low-investment cost will be more attractive than storage structures requiring a
high-initial investment cost.

2.3.4. Creation of Choice Sets

Given the number and level of attributes, 34 × 21 × 61 = 3 × 3 × 3 × 3 × 2 × 6 = 972 possible
alternatives or theoretical profiles could be constructed. It would have been very difficult for the
respondents to objectively consider 972 profiles before making a specific choice. To facilitate their
choice, the discrete choice sets were restricted to twenty (20) realistic profiles divided into five (05)
groups of four (04) profiles each (5 × 4) using the D-efficiency criterion, Dz, estimated at 97.81% [52].
This result was obtained through the SAS package using the experimental design proposed by
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Street and Burgess (2007), which is based on the optimality criteria method for effective design.
Among the theoretical profiles thus created, nine (9) existing storage structures (profiles 3, 4, 5,
10, 12, 13, 14, 17, 19) (Table A2 in Appendix A) were identified through their characteristics and
considered in the choice sets along with the hypothetical structures. A reference case condition
(status q0) was added to each choice set. This status q0 referred to the actual storage practice used
by each respondent. These characteristics were functions of the principal attribute levels and were
inherent to each respondent. Different standard storage structure profiles were presented to each
producer as a game. For each set of choices, the producer had to declare a preference for a profile or
to choose the reference case that corresponded to his/her current practice. Each respondent selected
the fictitious alternative that gave him/her the greatest benefit. To facilitate the understanding of
the respondents, the various scenarios were provided as illustrated pictures together with a brief
description. The various participants were assured that their virtual choice in the experiment would
not affect their activities. It was clarified that the results would be used to determine an appropriate
model for maize storage structures.

2.3.5. Empirical Model

In the experiment process, the men and women interviewed were asked to choose a technology
profile or to choose their current practice (q0 status) from the choice set. The dependent variable Y
corresponds to the choice of a preferred profile of the producer in each set of choices. It has the value
Y = 1 for the profile that the respondent chose and the value Y = 0 for the options that were not chosen.
In the model specification, the degree to which an individual benefits from a profile model depends on
the main attributes of the technology and the producer’s characteristics [37,38].

Note that attributes with more than three levels have been disaggregated (n−1) by considering an
attribute level as a reference. In the model, the cost coefficient is fixed, and the other attributes have
random parameters for which we assume a normal distribution in the sample. The reference case or
current practice (status q0) was used in the model. A negative sign for the variable coefficient would
generally imply that farmers are motivated to adopt new storage technologies.

In addition to the storage structure’s attributes, a producer’s individual characteristics and the
characteristics of his/her farm and residence area, which can be used to identify the producer’s
segment, can affect the producer’s acceptance or rejection of storage structures [25,28,61]. According to
studies, these characteristics may include gender, years of experience in the maize storage sector,
production capacity, stored capacity for sale, maize revenue, participation in experiments [62,63],
access to credit, household size, membership in a cooperative/producer group, and distance from the
producer’s village to the periodic market [12,53,56,64–67].

Not all of these explanatory variables were included in the latent class logit model estimate.
A correlation matrix eliminated the highly correlated variables and those that did not demonstrate
some alternative variability. Variables such as the number of bags produced and the area sown were
not included in the model because the correlation threshold between these variables and income was
very high. As a result, farmers with higher incomes were those growing large farms and producing
large amounts of maize. The characteristics included in this model were gender, years of experience in
the maize storage sector, stored quantity for sale, participation in tests and access to credit. Table 2
presents the explanatory variables included in the storage structure model.
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Table 2. Description of Model Variables.

Variable Modality Expected Sign

Cost a Continuous variable −
Status q0 1 = YES, 0 = if applicable −

Medium Capacity (1*) 1 = YES, 0 = if applicable +/−
Large Capacity (1*) 1 = YES, 0 = if applicable +/−
Stored as cobs (2*) 1 = YES, 0 = if applicable −
Stored as stalk (2*) 1 = YES, 0 = if applicable −

Less effective storage structure (3*) 1 = YES, 0 = if applicable +/−
Highly effective storage structure (3*) 1 = YES, 0 = if applicable +

Type of materials: Improved (4*) 1 = YES, 0 = if applicable +/−
Type of materials: Imported (4*) 1 = YES, 0 = if applicable +

Life span 1 = YES, 0 = if applicable +
Gender 1 = Man, 0 = Woman

Years of experience in storage Continuous variable
Stored quantity for sale Continuous variable

Participation in on-farm trials 1 = YES, 0 = if applicable
Access to credit 1 = YES, 0 = if applicable

(1*) Reference: low capacity; (2*) Reference: storage in the form of grain; (3*) Reference: Less effective; (4*) Reference:
Type of materials for building traditional storage structures.

3. Results

3.1. Socio Demographic Characteristics of the Respondents

The respondents’ socio-economic and demographic characteristics and the quantity of maize
produced and stored according to gender are presented in Table 3. The results show that the proportion
of male respondents (80.55%) was significantly higher than the proportion of female respondents
(19.45%). Thus, the maize farmers were mostly males.

Table 3. Socio-demographic Characteristics of the Respondents.

Columns Male Female Set Test

Gender (%) 80.55 19.45 100
Years of experience in maize storage 15.49 (10.07) 8.04 (5.66) 14.04 (9.82) T = −6.00 ***

Contact with institutions (%) 15.99 71.83 26.85 χ2 = 90.81 ***
Access to agricultural credit (%) 13.27 −14.08 13.42 χ2 = 0.03

Distance to local market (km)

<10 km (%) 75.85 50.70 70.96

23.63 ***
10–25 km (%) 18.03 42.25 22.74
25–30 km (%) 2.72 0.00 2.19
>30 km (%) 3.40 7.04 4.11

Maximum maize land size (Ha) 3.92 (5.36) 1.94 (1.63) 3.53 (4.92) t = −3.07 ***

Maximum income from maize
production (FCFA)

529,022.8
(691,066.1)

323,725.4
(309,230.8)

489,088.2
(639,867.6) t = −2.44 ***

Quantity of maize produced (Tons) 5.62 (7.54) 2.46 (2.04) 5.01 (6.98) t = −3.47 ***

Maximum quantity of maize stored
(Tons) 2.75 (2.40) 1.84 (1.37) 2.57 (2.26) t = −3.07 ***

Note: *** indicates that the coefficients are significant at a 1%, 5% and 10% threshold, respectively; ( . . . ):
standard deviation.

The male participants were statistically more experienced in maize storage and conservation
(15 years) than the female participants (8 years) (p < 0.01). The average number of years of experience
in maize storage for all the respondents (14 years) emphasizes not only the maize farmers’ level of
maturity but also their experience in the storage and conservation of maize.

Less than 27% of the respondents had contact with institutions that work on improving
technologies for storage and conservation. However, statistically, the proportions varied according to
gender. Indeed, more than 71% of the female sample had contact with these organizations, whereas
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only 15.99% of the male respondents had contact with such organizations. We therefore conclude that
the women were more informed than the men.

From the respondents, only 13.42% had access to credit for the past five (05) years. There was no
significant difference according to gender. However, 13.27% of the men had access to credit compared
with 14.08% of the women.

With regard to the distance between their houses and their local markets, the majority of the
respondents were very close to their local market (less than 10 km). A very small proportion (7.30%)
lived far from their local market. The statistical test shows that distance from the local market varied
by gender. Indeed, over 75% of the men were located at a distance of less than 10 km from their local
market, while only 51% of the women lived less than 10 km from their local market. Therefore, the men
had more access to their local markets than the women. Nevertheless, 42.25% of the women were
somewhat close to a market (10–25 km).

The maize fields of the respondents were no larger than 3.53 ha. The males had fields and incomes
that were statistically nearly twice those of females (p < 0.01). The maize fields and the average
income of the male respondents was estimated at 3.92 ha for 529,022.8 FCFA (807,67 euros). In contrast,
the maize fields of the female respondents were only 1.94 ha and they earned an average income of
323,725.4 FCFA (494,24 euros). This shows how hard it is for women to have access to production
assets (land, farm machinery, inputs, etc.) in Benin growing areas. A high proportion of the male
respondents were considered to be big farmers.

Similar to growing fields, we also noted that the volume produced by the male respondents
was statistically more than twice that produced by the female respondents with a 10% threshold.
Indeed, the men produced an average of 5.62 tons compared with 2.46 tons for the women. In addition,
the quantity of maize stored from production for all the respondents averaged 2.57 tons. However,
the observed difference was not statistically significant by gender. Indeed, the male respondents had
2.75 tons stored, whereas the female respondents had 1.84 tons. The difference in terms of growing
field and quantity of maize produced and stored by male and female respondents is explained by the
fact that the majority of male respondents are often heads of household with more access to production
factors than female respondents. Moreover, male respondents have the responsibility to meet both
food security for the household and sales objectives to cover other demands.

3.2. Latent Class Logit (LCL) Estimates (Segmentation)

The first step in estimating the latent class logit model was the determination of the optimal
number of classes. To accomplish this, the Bayes information criterion (BIC), the Akaike information
criterion (AIC) and the consistent Akaike information criterion (CAIC) were calculated [51,61].
The results show that the AIC was minimized to six (06) segments, while the BIC and CAIC were
minimized to four (04) segments (Table 4). Six (06) segments are far too many, therefore, four (04)
segments were selected to better explain the heterogeneity of preferences.

Table 4. Latent Class Logit Model Information Criteria.

Number of Segments AIC BIC CAIC

2 4082.28 4164.18 4185.18
3 4015.04 4139.84 4171.84
4 3938.96 4106.65 * 4149.65
5 3912.64 4123.24 4177.24
6 3859.16 * 4112.65 4177.65

Note: * indicates the lowest AIC and BIC.

The results of the latent class logit model with four (04) market segments are presented in Table 5.
The first level shows the utility coefficients associated with the attributes of the storage structures,
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while the second level presents producer-specific characteristics. The coefficients associated with
the individual characteristics of the fourth segment of farmers were reduced to zero, i.e., segment 4
was considered the reference. The R2 for the model was 0.64; this suggests a very good adjustment.
The predicted probability that a producer belonged to segments S1, S2, S3 and S4 was 28.5%, 20.70%,
27.30% and 23.5%, respectively.

Table 5. Estimation of the Latent Class Logit Model.

Attributes Segment 1 Segment 2 Segment 3 Segment 4

Cost of the storage structure (FCFA) 0.36 (0.06) *** 0.34 (0.08) *** 0.21 (−0.06) *** 0.11 (0.07)
Medium capacity (250–500 kg) (1*) −3.01 (0.37) *** −0.14 (0.24) −1.42 (0.26) *** 2.04 (0.37) ***

Large capacity (>500 kg) (1*) −1.48 (0.27) *** −0.52 (0.27) ** −0.50 (0.20) *** 2.46 (0.46) ***
Stored as cobs (2*) −0.84 (0.35) ** −0.12 (0.18) −2.55 (0.36) *** −4.05 (0.51) ***

Stored as stalks (2*) −2.61 (0.46) *** −1.08 (0.22) *** −1.13 (0.38) *** −2.19 (0.83) ***
Less efficient (5–30% loss) (3*) 3.96 (1.05) *** 0.57 (0.23) *** 55.81 (1399.01) 4.31 (0.69) ***
Very efficient (<5% loss) (3*) 4.71 (1.04) *** 1.21 (0.26) *** 56.19 (1399.01) * 5.05 (0.69) ***

Type of materials: Improved (4*) 1.79 (0.52) *** −1.76 (0.34) *** −0.04 (1.44) 1.88 (0.69) ***
Type of materials: Imported (4*) 0.39 (0.45) ** −0.33 (0.25) 4.66 (0.79) *** 2.24 (0.72) ***

Long life span (>4 years) 0.77 (0.22) *** 0.33 (0.18) ** 0.14 (0.23) 2.56 (0.44) ***

Socio-demographic characteristics

Gender (1 = Man; 0 = Women) 0.06 (0.53) 1.06 (0.66) ** 0.80 (0.86) *
Years of experience in storage 0.01 (0.30) 1.48 (0.44) 0.25 (0.40)

Stored maize volume (Ton) 0.50 (0.29) ** −0.03 (0.18) −0.55 (0.16) ***
Maize income (FCFA per year) 0.05 (0.26) −0.72 (0.29) ** 0.68 (0.27) ***

Access to credit (1 = Yes, 0 = No) 0.34 (0.51) ** −1.96 (1.25) 0.12 (0.66) **
Participation in on-farms trials (1 = Yes, 0 = No) −0.76 ** −0.63 (0.60) * −2.94 (0.98) ***

Distance to the market (km) −0.17 (0.19) 0.89 (0.27) *** −0.60 (0.24) ***
Probability of belonging to each class 28.5 20.7 27.3 23.5

Constant −2.76 (2.67) 3.21 (2.98) −6.10 (3.32) ***
Number of observations 9125
Number of respondents 365

Log likelihood −1690.34
R2 0.64

***, **, * indicate that the coefficients are significant at the threshold of 1%, 5% and 10%, respectively; ( . . . ):
Error types; (1*) Reference: low capacity (25–250 kg); (2*) Reference: storage in the form of grains; (3*) Reference:
inefficient (>30% loss); (4*) Reference: Type of materials for building traditional storage structures.

The results show that the coefficient of the variable related to years of experience in maize storage
is not significant regardless of class. This indicates that farmers with the same number of years
of experience in storage randomly belong to the four (04) segments. Considering the signs of the
values of the utility, the producers in segment 1 (S1) preferred very or less efficient expansive storage
structures whose building materials were either imported or improved. This segment wanted to
store maize as grains in long-lasting, small-capacity structures and structures with a long life span.
The socio-demographic characteristic coefficients revealed that this segment is represented by male
producers who were close to the market and never participated in improved storage structure trials.
These male producers not only had a high income but also had access to credit, and they stored large
quantities of maize for sale. Taking into account their remarks, all the attributes were determinant
factors for the individuals in this segment. Indeed, the attributes that these farmers wanted were
similar to those of metal silos and improved clay granaries with a capacity of 250 kg. This segment was
therefore called the “segment of large farmers with access to credit; users of small imported/improved,
resistant, expansive structures; and maize grain keepers”.

Segment 2 (S2) of the model was significantly characterized by male maize growers who were
strongly inclined to store maize as grain in structures designed with local materials. These producers
were willing to pay a high price for less or very effective small capacity structures that could serve
them for a long time. The characteristics that these farmers looked for in a structure were similar
to those of 250 kg traditional silos but were more effective in terms of loss reduction and durability.
The socio-demographic coefficients revealed that these producers were poor farmers living very far
from markets who had no access to credit. These producers never participated in trials related to
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improved storage structure. As a result, they were called the “segment of poor farmers with no access
to credit; users of small but very efficient, resistant, expansive structures designed with local materials;
and maize grain keepers”.

The sign of the variable coefficient utility for segment 3 (S3) reveals that this group of farmers
was also composed of men who were strongly dedicated to storing maize as grains, similar to the
other segments (S1, S2, and S4). Unlike the producers in S2, those in S3 had access to credit; therefore,
they were willing to pay a high price in order to benefit from imported and small-capacity, very efficient
and resistant structures. In addition, they paid particular attention to all the attributes. The structure
attributes sought by these farmers were similar to those of metallic silos, with a capacity equal to
250 kg. These producers never participated in trials and were close to their markets. Thus, they were
farmers with high incomes who stored small quantities of maize.

The sign of the variable coefficient utility for segment 4 (S4) revealed that this group of farmers
included men and women interested in the storage of maize as grains in medium- or large-capacity
structures (more than 250 kg). These producers had similar preferences to the individuals in S1,
who were willing to pay high prices for very efficient imported/improved structures. Unlike the
producers in S1 and S4, they were attracted to small-capacity structures. The coefficient of the variable
related to costs was not significant. This result indicates that these producers did not pay particular
attention to the cost of the structure. However, the sign of the coefficient of the variable shows that
they were willing to pay for structures whose life span is longer, regardless of the price. Therefore,
the structure features that the farmers in S4 were seeking are similar to those of medium or large
capacity metal and improved silos. With regard to the socio-economic characteristics of the farmers in
S4, which is considered the reference segment, the coefficient parameters of these characteristics were
interpreted by comparing them with the coefficients of the three (03) other segments, provided that all
the coefficients had the same signs and were significant [27]. Indeed, the coefficient of the variable
related to the connection with institutions had a negative sign and was significant for the three (03)
first segments. Therefore, S4 was composed of men and women who had connections with institutions
working on improved storage structures. This segment was therefore named the “segment of men and
women using very efficient, expensive, and long-lasting, large-capacity imported/improved structures
and maize grain keepers”.

3.3. Willingness to Pay for Structure Attributes by Segment

The parameters estimated from the latent class logit model were used to calculate each segment’s
WTP for each attribute (Table 6) from the derivative monetary attribute related to the cost, which helps
to understand the motivation of different stakeholders and quantify their level of preference.

Table 6. Willingness to Pay for Structural Attributes According to Segment.

Segment 1 (FCFA) Segment 2 (FCFA) Segment 3 (FCFA) Segment 4 (FCFA)

Medium capacity (250–500 kg) (1*) −82,187.74 −4190.26 −65,338.79 171,576.91
Large capacity (>500 kg) (1*) −4504.46 −15,160.97 −22,973.14 206,581.46

Form of storage in the cob (2*) −23,126.61 −3469.58 −22,973.14 −340,255.31
Form of storage as stalk (2*) −71,353.63 −31,289.92 −51,965.03 −184,649.04

Less effective (5–30% loss) (3*) 108,356.79 16,463.85 98,727.8 361,867.26
Very effective (<5% loss) (3*) 128,681 34,919.65 100,499.57 423,819.52

Type of materials: Improved (4*) 49,174.15 −50,802.42 −810,308.4 158,052.47
Type of materials: Imported (4*) 10,778.40 −9592.91 213,298.85 188,434.62

Long life span (>4 years) 21,263.27 9704.10 6753.76 215,452.78

(1*) Reference: low capacity (25–250 kg); (2*) Reference: storage as grain; (3*) Reference: less efficient (>30% loss);
(4*) Reference: Type of materials for building traditional storage structures.

The analysis in Table 6 reveals that the producer segments 1, 2 and 3 were ready to pay, respectively,
an amount worth 82,187.73 FCFA (or 125.48 euros at a fixed exchange rate of 1 euro = 655 FCFA);
4190.26 FCFA (or 6.40 euros); and 65,338.79 FCFA (99.75 euros) for a small-capacity rather than a
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medium-capacity structure (250–500 kg). The same trend was observed for the “high capacity (over
500 kg)” attribute for which the farmers in S1, S2, and S3 offered, respectively, 40,504.46 FCFA
(61.83 euros), 15,160.971 FCFA (23.15 euros), and 22,973.14 FCFA (35.07 euros) to benefit from
small-capacity structures (less than 250 kg). However, the producers in S4 showed a stronger WTP for
medium-capacity (171,576.91 FCFA or 261.94 euros) and large-capacity structures (206,581.46 FCFA or
315.39 euros).

Regarding the form of storage, the farmers in segments 1, 2, 3 and 4 were ready to
pay 23,126.60 FCFA (35.31 euros), 3,469.58 FCFA (5.30 euros), 22,973.14 FCFA (35.07 euros),
and 340,255.31 FCFA (or 519,47 euros), respectively, to store maize as grain rather than cobs. The same
trend was observed for the storage of maize as stalk in structures. The producers in S1, S2, S3, and S4
were also prepared to pay 128,681 FCFA (196.45 euros), 34,919.64 FCFA (53.31 euros), 100,499.57 FCFA
(153.43 euros) and 423,819.52 FCFA (or 647.05 euros), respectively, to have very efficient structures with
a loss rate of less than 5% compared to structures with a loss rate that exceeds 30%. The same trend
was observed for the attribute “less efficient”, indicating that farmers in S1, S2, S3 and S4 wanted to
pay less than the 84.20%, 47%, 98%, 85.38%, respectively, WTP levels proposed for the attribute “very
efficient” to benefit from less efficient structures (between 5–30% loss). This result shows that highly
efficient structures (with loss rates of less than 5%) are preferred to less efficient structures.

In terms of the attribute related to improved building materials for the storage structures,
the farmers in S1, S3 and S4 were willing to pay 49,174.14 FCFA (75.07 euros), 50,802.41 FCFA
(77.56 euros), and 158,052.47 FCFA (or 241,30 euros), respectively. This attribute was less popular
among the farmers in S3 (810.30 FCFA), indicating their reluctance to pay for structures designed with
improved materials. In contrast, those in segment S2, given their low purchasing power and their
lack of access to seasonal loans, showed a low WTP for attributes compared to individuals in the
other segments (S1, S3 and S4). In addition, the individuals in S2 were ready to pay 50,802.41 FCFA,
or 77.56 euros, to benefit from structures designed with local materials rather than those designed with
improved materials. In the same way, they offered 9592.91 FCFA, or 14.65 Euros, to obtain structures
made with local materials rather than imported materials.

Taking into account the attribute that specifies the life span, we noticed that producer segments 1,
2, 3 and 4 were ready to pay 21,263.27 FCFA (32.46 euros), 9704.09 FCFA (14.85 euros), 6753.76 FCFA
(10.31 euros) and 215,452.78 FCFA (328.93 euros), respectively, for structures with a service life of
greater than four (04) years rather than those with a service life of less than four (04) years. The WTP
values for attributes associated with structures whose building materials are imported, with high
efficiency and a long service life for the storage of maize grain, were high compared to those of other
attributes. The reason is that the majority of farmers gave much greater priority to these attributes.
The segment 4 farmers showed a high WTP for all the attributes compared to individuals in the other
segments (S1, S2 and S3). Therefore, the farmers in S4 were rich with access to credit.

4. Discussion

The four segments (S1, S2, S3 and S4) were, respectively, composed of 25.75%, 19.18%, 26.58%
and 28.49% of the individuals included in the sample. The results show that the preferences were
homogeneous regarding the storage of maize in the form of grain for all the producer segments.
The producers thought that this form of storage facilitates not only the destocking for consumption or
sale, but also allows the producers to make accurate estimates of the stock available in the structure,
unlike other forms of storage (cob and stalk). Moreover, the farmers believed that small-capacity
structures cannot contain a large quantity of maize in the form of cobs or stalk. The respondents’
preferences were also homogenous for storage structures whose life span exceeds four (04) years.
Indeed, they preferred to use storage structures that have a long service life for better economic
performance across multiple harvests.

One difference appeared regarding the building or the purchase cost of the storage structure
for segment 4, which is composed of large maize farmers of both genders who are in contact with
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institutions working on improved storage structures. The high cost of a structure did not prevent
these farmers from paying for it. This is explained by the fact that these farmers consider price to be
an indicator of good quality. This result is not consistent with Maboudou’s work [68], which showed
that the higher the building cost of a granary, less farmers are willing to pay for it. This segment (S4)
had the largest proportion of individuals (28.49%) in the sample, and their preferences were directed
to very efficient storage technologies (loss rate of less than 5%) or less efficient storage technologies
(loss rates between 5% and 30%) that use building materials that have been improved or imported.
These results are consistent with the work of Adegbola and Gardebroek [62], which showed that maize
farmers who have contact with extension agents, a cooperative or an agricultural association or those
who produce a high quantity of maize are more likely to adopt new storage technologies. The farmers
in S4 shared similar preferences to the individuals in segment 1, who were male, large maize farmers
with access to credit and were close to local markets. The latter segment (S1) represented 25.75% of the
participants. Because of their level of prosperity and their easy access to credit, the farmers in S1 were
willing to pay high prices for very efficient imported structures/improved structures with a loss rate
of less than 5%. These results are consistent with the work of Bhandari and et al. [69], which shows
that improved crop storage favors the retention of quality with lower moisture content for year-long
storage of maize. Difficulties in obtaining and collecting local materials to construct the structures (long
distance or transport and scarcity of some materials) can limit the use of such structures [54,56,58].
In addition, farmers prefer using imported structures that are available, easy to handle and more
efficient. The farmers believed that the efficiency or service life of a structure depends on the nature of
the materials used to make it. That is why the farmers tended to prefer improved or modern quality,
resistant or flame-proof equipment to ensure stock safety (against theft, pest attacks, and fires, etc.)
and a longer service life for the structure. Indeed, the attributes desired by the individuals in segment 1
and segment 4 are similar to those of metal and improved mud silos. However, there is a heterogeneity
of preference relating to storage capacity between these two (02) segments (S1 and S4). Indeed, those
in S1 are attracted to small-capacity structures (less than 250 kg), whereas those in S4 are attracted
to medium-capacity structures (between 250 kg and 500 kg) or large-capacity structures (more than
500 kg). The farmers in segment 4 exhibited a higher WTP for all the attributes compared to the farmers
in the other segments (S1, S2 and S3). The farmers in S4 can thus be considered rich farmers who
have access to credit, hence, their preference for large-capacity structures. Production levels naturally
determine the type of structure to use [10,53]. When the production is high, a farmer is eager to use a
large-capacity storage technology.

Those in segment 1 were accustomed to storing large quantities of maize for sale and sought
small-capacity structures. A structure should be filled to the top in order to take advantage of its
performance. This result could thus be explained by the fact that yields are often unpredictable because
of the effects of climate change. Therefore, these farmers are somewhat reluctant to build medium- and
large-capacity structures rather than small-capacity structures, which may be more likely to achieve
full performance. The farmers think that the acquisition cost of even a small-capacity silo is high and
that the greater the capacity of the silo is, the higher its price.

The farmers in segment 3 represented 26.58% of the participants and were rich men who were
accustomed to storing small quantities of maize, which explains their preference for small-capacity
metal silos (less than 250 kg). The attribute related to the improved nature of building materials was
less popular among these farmers.

The respondents in segments 3 and 1 could easily access the market and sell agricultural products,
which gave them substantial profits because they were close to periodic markets, unlike the farmers
in segment 2. Those characteristics led these farmers to prefer modern, resistant, highly efficient
structures that could reduce losses and that may improve product quality. Therefore, this type of
structure may allow farmers to maintain their stocks for a long time until they are needed (i.e., during
a shortage) and to thus achieve significant profit margins. These results are consistent with those
of [65,70,71].
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Moreover, these two (02) categories of farmers (segments 1 and 3) have access to credit that enables
the purchase of expensive structures. However, the widespread adoption of very efficient structures
(metal silos) by the farmers in this segment could be stimulated by incentives such as small loans to be
paid back through two (02) production campaigns, for example. These results are consistent with those
of [62,72–74] These studies show that access to credit has been identified as the main reason justifying
the success of the Swiss-funded grain storage project in Honduras. This project has distributed over
22,000 silos to more than 18,500 families with a high recovery rate. However, innovations that turned
out to be cost-effective for farmers are disseminated by the private sector without the intervention of
official organizations, as was the case with metal silos in Guatemala, Pakistan and Swaziland.

The farmers in segment 2 were relatively poor men who wanted to store maize grains in structures
designed with local materials rather than improved/imported materials. In addition, they were ready
to pay more for the attributes associated with structures designed with local materials compared to
all the other attributes. The structure attributes that these farmers were looking for were similar to
those of 250 kg traditional silos, but they sought structures that are resistant and very efficient in
terms of loss reduction (less than 5%). Since improved structures demand greater effort to obtain solid
materials and to build [59,75], these farmers were reluctant to choose these over silos or traditional
structures that require much less effort. Additionally, their reluctance to select imported structures can
be explained by the fact that they tend to value the resources/traditional practices in their community
(or of their ethnicity) by using local materials that are freely available around their farms or areas
and that have a proven efficiency over time. Compton et al. (1993) showed that structures designed
with local materials can be used to simultaneously store multiple products, whereas silos designed
with imported materials can store only one product. Note that structures with a loss rate between
5% and 30% were almost accepted by the farmers in S2. Considering their low purchasing power
and lack of access to seasonal credit and markets, they preferred structures whose capacity is less
than 250 kg, and their WTP was less than that of the other segments (S1, S3 and S4). However, the S2
farmers valued very efficient small-capacity structures (loss rate below 5%) that they can use for a long
period (over 4 years). In addition, among all the attributes, the one related to the structure’s efficiency
represented the farmers’ second most appreciated attribute in S2. Therefore, this attribute was also
very important to them.

5. Conclusions

Maize is the major cereal staple food and an important source of income and employment for
many farmers in Benin. It is stored in traditional storage structures at village level leading to high loss
rates estimated to be between 17% and 40% of the total maize production after six months of storage.
The storage granaries developed and promoted to reduce these losses are less adopted or disadopted a
few years after use. This study postulated that the characteristics of storage structures are the basic
factors in explaining the low adoption and the abandonment of these storage structures in Benin.
Indeed, a storage structure is a bundle of characteristics and depending on their valuation by the
producers, different preferences will be commanded. This study was therefore motivated by the desire
to provide a better understanding of maize producers’ preferences for storage structures and their
characteristics so that a specific program could be designed to achieve a wide adoption and diffusion
of new or improved granaries. To achieve this objective, we used a choice experiment (CE) approach.
In addition, the latent class logit model (LCL) was applied to investigate heterogeneity among maize
producers, based on their preferences for characteristics embodied in the profiles of storage structures.
Moreover, the farmers’ willingness to pay (WTP) for the storage structures or attributes is documented.
Design attributes considered included structure capacity; storage shape; efficiency; building material
type; life span; and initial investment and operation costs.

The results of the latent class logit model (LCL) identify and characterize four segments based on
producers’ preferences for storage structures and their specific characteristics. Three segments (S1, S3
and S4) assign the highest utility values to the high effectiveness of the storage structures against pest



Sustainability 2018, 10, 2925 16 of 21

attacks (less than 5%). Farmers in the segments S1 and S3 have access to credit and live close to the
markets. In addition, they prefer metallic silos with a capacity of 250 kg. Farmers in segment S4 seek
medium- or large-capacity (more than 250 kg) metal silos. On the other hand, segment S2 assigns
the highest utility values to improved building materials. On the other hand, segment S2 assigns the
highest utility values to preference to improved building materials. They consider that the efficiency
or the hardness of a structure depends on the type of building materials. For this reason, they tend
to prefer quality, resistant or flammable solids, improved or modern to guarantee the security of the
stock (theft, pest attack, fires, etc.) and the hardness of the structure. They also prefer traditional silos
of 250 kg with high effectiveness against pest attacks (less than 5%). These producers are poor, live far
from the market cities, and do not have any access to credit.

Since 2016, with the new government, Benin has taken the option to develop the agricultural
sector through the seven (7) agricultural development poles (PDAs). Maize is an important crop in six
of seven PDAs and is the country’s staple food. Its production is higher in the north and center of the
country, which serves the southern region of the country and exports the extra to Niger and Nigeria,
the surrounding countries. Even though maize received huge support that increased the national
production over five years, the losses remain high during storage due to the inappropriate storage
structures and the high cost of efficient storage structures. The reduction of storage losses will ensure
food availability for the population. Agricultural policy should therefore focus on ways of reducing
losses by facilitating access to storage technologies considering the segments.

These results imply that the use of a domain recommendation approach to storage structures
design is appropriate both from the perspective of the widespread adoption that can be achieved
and the cost-effectiveness of agricultural extension services works. This will be combined with a
client-oriented approach based on participatory on-farm trials of the storage innovations.
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Appendix A

Table A1. Ranking of the main attributes of storage technologies.

Attributes Rank

Capacity 10.42 (1)
Cost (FCFA) 9.79 (4)

Efficiency 9.93 (3)
Type of building material 9.00 (5)

Storage form 10.08 (2)
Life span (years) 7.50 (6)

Position in storage process 5.21 (7)
Need of lots of effort for building 2.71 (11)
Possibility to stock many cereals 4.17 (8)

Perfect airtightness/waterproofing 4.00 (9)
Need of important labor work for using 2.29 (12)
Necessity of using conservation product 3.00 (10)

Number of observations 12
W of Kendall 0.73
Chi2 x2 (11) 14.66 ***

Note ( . . . ): Rank; Significance thresholds: *** 1%.
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Table A2. Experiment design and frequency selection of profiles in each group.

Storage Technologies Capacity Storage Shape Efficiency Building Materials
Types Life Span (Years) Cost

(FCFA)
Fre-Quency

(%)

Group 1

Profile 1 Medium (250–500 kg) Cobs Less effective (5–30% loss) Imported short (<4 years) 15,000 10.41
Profile 2 Small (25–250 kg) Stalk Very effective (<5% loss) Traditional long (>4 years) 25,000 10.41

Profile 3 (Traditional Clay Granary) Large (>500 kg) Grain Ineffective (>30% loss) Traditional short (<4 years) 40,000 1.92
Profile 4 (Improved Clay Granary) Medium (250–500 kg) Grain Less effective (5–30% loss) Improved long (>4 years) 50,000 42.47

Status q0
Large (>500 kg) or

Medium (250–500 kg)
or Small (25–250 kg)

Grain or Cobs
or Stalk

Ineffective (>30% loss) or
Very effective (<5% loss) or
Less effective (5–30% loss)

Imported or
Improve or
Traditional

long (>4 years) or
short (<4 years) 34.79

Group 2

Profile 5 (Metal Silo of 1 ton) Large (>500 kg) Grain Very effective (<5% loss) Imported long (>4 years) 110,000 81.10
Profile 6 Medium (250–500 kg) Stalk Less effective (5–30% loss) Traditional short (<4 years) 20,000 1.64
Profile 7 Medium (250–500 kg) Cobs Ineffective (>30% loss) Improved long (>4 years) 20,000 0.27
Profile 8 Small (25–250 kg) Stalk Very effective (<5% loss) Imported short (<4 years) 10,000 7.04

Status q0
Large (>500 kg) or

Medium (250–500 kg)
or Small (25–250 kg)

Grain or Cobs
or Stalk

Ineffective (>30% loss) or
Very effective (<5% loss) or
Less effective (5–30% loss)

Imported or
Improve or
Traditional

long (>4 years) or
short (<4 years) 9.95

Group 3

Profile 9 Large (>500 kg) Cobs Very effective (<5% loss) Imported long (>4 years) 45,000 46.58
Profile 10 (Improved Vegetal materials Granary) Large (>500 kg) Stalk Less effective (5–30% loss) Traditional long (>4 years) 37,000 9.86

Profile 11 Medium (250–500 kg) Grain Ineffective (>30% loss) Improved long (>4 years) 15,000 1.37
Profile 12 (Improved wood granary) Medium (250–500 kg) Cobs Less effective (5–30% loss) Improved long (>4 years) 31,000 7.12

Status q0
Large (>500 kg) or

Medium (250–500 kg)
or Small (25–250 kg)

Grain or Cobs
or Stalk

Ineffective (>30% loss) or
Very effective (<5% loss) or
Less effective (5–30% loss)

Imported or
Improve or
Traditional

long (>4 years) or
short (<4 years) 35.07

Group 4

Profile 13 (PICS bag or Zerofly bag <0.25 tons) Small (25–250 kg) Grain Very effective (<5% loss) Imported short (<4 years) 2500 39.18
Profile 14 (Metal silo: 0.35 and 0.5 tons) Medium (250–500 kg) Grain Very effective (<5% loss) Imported long (>4 years) 71,500 51.23

Profile 15 Large (>500 kg) Stalk Ineffective (>30% loss) Imported long (>4 years) 35,000 0.27
Profile 16 Medium (250–500 kg) Cobs Very effective (<5% loss) Imported short (<4 years) 20,000 1.92

Status q0
Large (>500 kg) or

Medium (250–500 kg)
or Small (25–250 kg)

Grain or Cobs
or Stalk

Ineffective (>30% loss) or
Very effective (<5% loss) or
Less effective (5–30% loss)

Imported or
Improve or
Traditional

long (>4 years) or
short (<4 years) 7.40

Group 5

Profile 17 (Traditional bamboo/palm Granary) Medium (250–500 kg) Stalk Ineffective (>30% loss) Traditional short (<4 years) 20,000 1.92
Profile 18 Large (>500 kg) Cobs Less effective (5–30% loss) Imported long (>4 years) 45,000 7.12

Profile 19 (Plastic cans <0.25tons) Small (25–250 kg) Grain Very effective (<5% loss) Imported long (>4 years) 600 52.88
Profile 20 Medium (250–500 kg) Grain Very effective (<5% loss) Improved short (<4 years) 25,000 16.71

Status q0
Large (>500 kg) or

Medium (250–500 kg)
or Small (25–250 kg)

Grain or Cobs
or Stalk

Ineffective (>30% loss) or
Very effective (<5% loss) or
Less effective (5–30% loss)

Imported or
Improve or
Traditional

long (>4 years) or
short (<4 years) 21.37
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