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A B S T R A C T

Storage is an important aspect of food security in developing countries. Therefore, it is crucial for farmers to have
access to sustainable storage technologies to cope with storage losses. Maize is an important staple and com-
mercial food in Rwanda, but maize farmers are still being challenged by storage losses because of the lack of
proper storage facilities. It is in that regard that advanced maize storage technology, notably hermetic maize
storage technology, has been introduced in Rwanda in 2012. However, since its introduction, the adoption rate is
low among smallholder maize farmers. Understanding the factors influencing farmers’ choice of alternative maize
storage technology could provide Rwandan policymakers with important information for designing policies and
programs aimed at reducing maize post-harvest losses to enhance household food security. This study used a
multivariate probit model on a randomly selected cross-sectional sample of 301 smallholder maize farmers from
the Gatsibo District of Rwanda to take part. The results revealed that the common maize storage technologies used
among smallholder farmers were polypropylene sacks with and without chemicals, hermetic bags, and silos. Only
41% of respondents used hermetic maize storage technology. The model results showed that membership in a
farmer group, access to credit, the quantity of maize produced, access to training, and selling maize soon after it
dries, were the major factors influencing the decision of smallholder farmers to use alternative maize storage
technologies. The study recommends that the policymakers and other stakeholders in post-harvest loss reduction
should support the dissemination of advanced storage technologies to facilitate access. The government should
support farmer acquisition of post-harvest maize loss reduction technologies either through subsidization of
hermetic bags or provision of cheap credit.
1. Introduction

The measures and actions aimed at reducing food losses are
contributing factors to enhancing food security as well as alleviating
poverty among smallholder farmers in sub-Saharan Africa (SSA). And,
although the global food systems produce sufficient food to feed
everyone, still in 2016 about 13.8% of food produced in the world get lost
annually either through post-harvest mishandling, infestation by pests
and diseases, or just mere waste at the table (Food and Agriculture Or-
ganization [FAO], 2019). Over 30% of the food produced in SSA gets lost
post-harvest along the food supply chain because of financial, manage-
rial, and technical constraints (The Rockefeller Foundation, 2015; Gus-
tavsson et al., 2011; FAO 2011). Estimates by FAO showed that
post-harvest losses (PHL) in SSA reach up to 20% for cereals valued at
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US$4 billion, which is equivalent to the value of cereals imported
annually in SSA (FAO, 2011). Although governments and development
partners availed investment to reduce PHL, the 2019 State of Food and
Agriculture (SOFA) report by the Food and Agriculture Organization
[FAO] reveals that approximately 14% of food produced in SSA still gets
lost. It is therefore imperative that those post-harvest methods and
requite technologies be accorded similar attention by policymakers as
they do to food production (Kaminski and Christiaensen, 2014; Oben-
g-Ofori et al., 2015).

In the east and southern Africa, maize is the most important food
staple and a cash crop for most resource-poor smallholder farmers (Shi-
feraw et al., 2011; Tefera, 2012; CIMMYT, 2010). Farmers store the
maize to bridge seasonal supply shortfalls and attendant price fluctuation
(Gitonga et al., 2013). However, between 14 and 36% of maize produced
imana).
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in eastern and southern Africa is lost during post-harvest because of poor
handling and improper storage. Of this loss, between 4.3 and 11.2% is
lost, during storage, due to infestation by rodents, insect pests, and my-
cotoxins which are associated with the lack of effective storage tech-
nology (Giertz et al., 2015; Gitonga et al., 2013).

In Rwanda, about 32% of the total volume was lost because of the lack
of capacity in post-harvest handling and storage (Kathiresan, 2011;
MINAGRI, 2018a, 2018b). In response to the high post-harvest maize
losses, the Government of Rwanda launched the post-harvest handling
and storage (PHHS) task force in 2010 with the mandate of minimizing
post-harvest losses through training of maize farmers in best practices in
post-harvest handling and storage technologies, construction of
post-harvest management systems, and distribution of post-harvest
equipment including hermetic storage technologies (MINAGRI, 2016).
As a result, the post-harvest losses in maize fell from 32% in 2011 to
16.4% in 2019 (African Post Harvest Information System, 2018).

The hermetic storage technologies were introduced in Rwanda in
2012 and comprised hermetic bags and silos among smallholder farmers.
The government subsidized both silos and hermetic bags at 75% to
encourage adoption (MINAGRI, 2011; WFP, 2017). However, by 2014,
One Acre Fund [OAF] reported that only 37% of the smallholder maize
farmers adopted the hermetic storage technology. In Rwanda, grain
losses are among the major causes of food shortage, food insecurity, high
prices, and prohibiting farmers' access and affordability (Umubyeyi and
Rukazambuga, 2016). Likewise, maize farmers are facing challenges in
producing the required quality and quantity of maize. Due to the dam-
ages experienced at storage from rodents, pests, and aflatoxin contami-
nation, their maize is sold at a lower price or rejected by buyers. It results
in food insecurity and low income because of losses incurred by farmers
(MINAGRI, 2018a, 2018b; De Groote et al., 2013). Although studies (e.g.,
Nyamulinda et al., 2011; OAF, 2014 and Chigoverah and Mvumi, 2016)
have shown unequivocally the effectiveness of the hermetic storage
technologies in loss reduction.

This study aligns with the Government of Rwanda's fourth Strategic
Plan for Agriculture Transformation (PSTA IV, 2018–2024) that aims to
increase agricultural productivity and commercialization, leading to
agricultural transformation (MINAGRI, 2018). The study contributes to
the United Nations' Sustainable Development Goals (SDGs); goals num-
ber one and two that, respectively, aim at eliminating poverty and hun-
ger, and SDG target 12.3 that calls for actions to reducing food waste and
food loss along production and supply chains by 2030. Therefore, this
study sought to bridge the gap in knowledge by providing information on
factors influencing smallholder maize farmers' choice of alternative
storage technologies in the Gatsibo District of Rwanda. It will guide
policymakers in formulating policies and strategies aimed at promoting
the use of hermetic storage technology (HST) among farmers, which will
contribute to the reduction of maize storage losses. In addition, the
findings will assist maize farmers in gaining knowledge on the effec-
tiveness of different storage technologies to increase the adoption of
improved maize storage technologies.

2. Materials and methods

2.1. Theoretical framework

This study is based on the random utility theory. The theory states
that a decision-maker chooses from a batch of alternatives, an alternative
that maximizes his utility (Greene and Hensher, 2010; Greene, 2012).
Each alternative in the decision maker's choice set is associated with a
true value (Soufiani et al., 2014). In this theory, a decision-maker has
both observable and unobservable characteristics that can influence his
choice of a utility-maximizing alternative within a random utility model.
The observable characteristics include farmer, farm, and institutional
factors, and the unobservable characteristics include intrinsic factors,
such as motivation and ability. These unobservable characteristics are
2

often immeasurable and are captured by the error term (Greene and
Hensher, 2010). Hence, the random utility model is helpful because it
captures the strength of a decision maker's preference owing to his
outcome, which corresponds to an order of real numbers. This theory
permits choice models such as the binary probit or logit model (Greene
and Hensher, 2010). In this study, the multivariate probit model has been
employed in analysing maize farmers' choice between the different
storage technologies– whether the maize farmers choose to use a specific
storage technology or not. The multivariate probit model considers the
likelihood of correlation of the error term across the different equations
for alternative storage technologies and does not require the assumption
that choices are independent across alternatives (Greene, 2003; Gujarati,
2009; Otieno, 2010).

Regarding the random utility theory, a rational smallholder maize
farmer will use a storage technology that maximizes their utility. This
utility can be derived from the profits got from the use of that specific
technology. According to Greene (2012), the utility smallholder maize
farmers get from choosing a particular storage technology can be
decomposed into the systematic utility (Vij) and the random residual (εij)
components. According to Cascetta (2009), the systematic utility (Vij) is
the mean utility perceived by decision-makers who have the same choice
set as decision-maker i and the random residual (εij) represents the un-
known deviation of the perceived utility of decision-maker i from this
mean value, errors from perception and measurement, instrumental
variables, and unobserved attributes and preferences (Payne et al., 1992,
1993).

This random residual captures the combined effects of the different
factors that bring uncertainty into choice modelling:

Uij ¼Vij þ εij (1)

Assume a farmer i has two choices a and b and utilities Ui and Uj,
respectively (Greene, 2012).

Ui: Utility delivered from using a specific storage technology.
Uj: Other ways

Ui ¼wβi þ Ziγiþ εi (2)

Uj ¼wβj þ Zjγjþ εj (3)

From Eqs. (2) and (3), w is the observable characteristics of a farmer,
such as social-economic characteristics. The term Z represents the attri-
butes of a specific storage technology: i or other ways: j; and ε represents
the utilities that are not observed by the researcher. A farmer will use a
specific storage technology:

Y ¼ 1 if Ui > Uj and.
Y ¼ 0 if Ui � Uj.
2.2. Analytical method

This study used the chi-square test, t-test, proportional test, and
ANOVA to assess the level of usage of advanced storage technologies
(hermetic storage technologies) vis-�a-vis other storage technologies and
the constraints and opportunities for different storage technologies. The
Multivariate probit model (MVP) was employed to investigate the factors
that affect smallholder maize farmers’ choices and decisions on the
alternative storage technologies in Rwanda. This study shows that the
most-used storage technologies are four, namely polypropylene sacks,
polypropylene sacks with a chemical application, and hermetic tech-
nologies (silos and hermetic bag). The MVP is a natural extension for the
probit model. It can accommodate over one equation, and accounts for
the likelihood of correlation of the error term across the different equa-
tions for alternative storage technologies (Greene, 2003; Gujarati, 2009).

The probit model is among the statistical probability models that have
two categories in the explained variable (Liao, 1994). It generates the
marginal effects of the explanatory variables on the probability of
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adoption (Hosmer& Lemeshow, 2000). According to Aldrich et al.,
(1984) and Owach et al., (2017), the analysis of the probit model is based
on the cumulative normal probability distribution of the error terms, that
makes it more preferred for regression analysis. However, MVP does not
require the assumption that choices are independent across alternatives
(Greene, 2003; Gujarati, 2009; Otieno, 2010).

The multivariate probit model presupposes that the decision by a
smallholder maize farmer to adopt any of the alternative storage tech-
nologies or not would depend on an unobservable index Yij determined
by explanatory variables, where the higher the index, the greater the
probability of smallholder maize farmers to adopt a specific storage
technology.

The expression takes the form:

Y*
ij ¼ βiXi þ εi (4)

where Y*
ij (j ¼ 1,…, m) in Eq. (4) represents an unobservable latent var-

iable of the storage technologies j used by smallholder farmer i (in this
case m ¼ 4); X: is a (1 x k) vector of observed variables that affect storage
technology adoption decision; β: is a (k x 1) vector of unknown param-
eters to be estimated and εi is a vector of the stochastic error terms. A
smallholder maize farmer will choose j technology if the utility of
choosing it exceeds the gain of not using it. These preferences may be
correlated with individual and farm characteristics and institutional
factors that are captured in β. Since the latent variable is unobservable,
two index functions are defined. Referring to Eq. (4), with using any of
the alternative storage technology, this is:

Yij ¼ 1ifY*
ij > 0

Yij ¼ 0ifY*
ij � 0

By considering Yij as a dummy variable with values 1, if the ith

smallholder maize farmer adopts the jth technology, and 0 otherwise;
where the value of j ranges from 1 to 4 representing polypropylene sacks
only, polypropylene sacks þ chemical application, silos, and hermetic
bags, respectively.

Therefore, the system of equation is written as follows:

8>>>>><
>>>>>:

Y*
1 ¼ βIX1 þ ε1 ; Y*

1 > 0; Y1 ¼ 0 otherwise
Y*
2 ¼ β2X2 þ ε2 ; Y*

2 > 0; Y2 ¼ 0 otherwise
Y*
3 ¼ β3X3 þ ε3 ; Y*

3 > 0; Y3 ¼ 0 otherwise
Y*
4 ¼ β4X4 þ ε4 ; Y*

4 > 0; Y4 ¼ 0 otherwise

9>>>>>=
>>>>>;

(5)

The system of Eq. (5) will be jointly estimated using maximum like-
lihood. The choice of alternative storage technology will depend on
Figure 1. Map of Gatsibo District, Rwa
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smallholder maize farmer and farm-level characteristics, as well as
institutional factors.
2.3. Study area

Gatsibo District is one of the seven districts that make up the Eastern
province, the largest, and the highest in terms of percentage of house-
holds (NISR, 2018). It was selected for this study because of the high
adoption of Hermetic storage technologies. About 40% of maize farmers
supported by Rwanda's post-harvest handling and storage task force are
from Gatsibo District (MINAGRI, 2016). Therefore, Gatsibo district was
selected to better analyze the factors determining the choice of alterna-
tive storage technologies and the relationship between adopting HST and
income among maize farmers. It borders Nyagatare District in the North,
Gicumbi District in the West, Gasabo District in the South-West, Rwa-
magana District in the South, and Kayonza District in the East (Figure 1).
Gatsibo District is divided into 14 sectors, 69 cells, and 603 villages.
About 89% of the residents depend on agriculture for their livelihood,
with maize representing 49% of the total land area under the Crop
Intensification Program, and about 54% of the marketed produce
(MINAGRI, 2018a, 2018b).
2.4. Research design and sampling procedure

A multistage sampling technique was used to identify the sampling
units. In the first stage, Gatsibo District was selected based, as stated
above, on having the highest number of smallholder maize farmers that
use drying hangers in Rwanda's Eastern Province. A list of all smallholder
maize farmers in Gatsibo District who used drying hangers and were
supported by Rwanda post-harvest handling and storage task force
(PHHS) was got from Gatsibo District Agricultural Division. The list
contained 75,000 farmers. In the second stage, 12 cells were selected
based on the location of the drying hungers. Because the population of
farmers who were using drying hangers in the district was known, the
Yamane (1967) formula for calculating a sample size from a known
population was used:

n¼ N
1þ NðeÞ2 (6)

where n is the sample size; N is the number of farmers using drying
hangers in the district, and e is the level of precision. Substituting 75000
maize farmers in Eq. (6) and assuming a 95% confidence level and a 5%
precision gave 398 households. However, due to invalid response and
missing data, the study ended up using only 301 maize farmers in the
analysis.
nda. Source: Gatsibo district, 2018.



Table 1. Summary statistics of socio-demographic characteristics of hermetic storage technologies adopters and non-adopters in Gatsibo District, Rwanda.

Variables MEAN 2-tailed
t-test

χ2-value

Adopters
n ¼ 122

Non-Adopters
n ¼ 179

Overall
n ¼ 301

Household characteristic

Age of household head 48.2 (11.87) 45.7 (11.96) 46.7 (12.00) 1.79**

Year of schooling-household head 6.07 (3.52) 5.67 (3.47) 5.83 (3.50) 0.96

Size of household 5.17 (2.13) 4.45 (2.01) 4.74 (2.10) 2.98***

Experience- maize production (Years) 11.52 (9.44) 10.15 (8.2) 10.7 (8.70) 1.34*

Awareness of HST (1 ¼ aware; 0 ¼ not aware) 1 (0.16) 0.36 (0.48) 0.61 (0.50) 116.21***

Sex of household head (1 ¼ male; 0 ¼ female) 0.75 (0.43) 0.76 (0.43) 0.76 (0.40) 0.013

Institutional Characteristics

Access to extension services (1 ¼ yes; 0 ¼ no) 0.88 (0.33) 0.42 (.49) 0.60 (0.50) 63.68***

Access to training (1 ¼ yes; 0 ¼ no) 0.94 (0.23) 0.43 (0.50) 0.64 (0.50) 82.50***

Group membership (1 ¼ yes; 0 ¼ no) 0.9 (.29) 0.89 (0.30) 0.90 (0.30) 0.004

Access to credit (1 ¼ yes; 0 ¼ no) 0.39 (0.49) 0.26 (0.43) 0.31 (0.46) 6.29**

*, **, *** significant at 10%, 5% and 1% respectively. Standard deviations are in parentheses.
HST stands for Hermetic storage technologies in maize.
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2.5. Data collection and analysis

This study used primary data that have been obtained through a
household survey using face-to-face interviews and focus group discus-
sions and secondary data that have been sourced from Gatsibo district
Agricultural division, Rwanda post-harvest and storage task force, and
MINAGRI. Trained enumerators interviewed selected farmers using a
pre-tested semi-structured questionnaire. The questionnaire gathered
smallholder maize farmers’ socio-demographic and economic charac-
teristics, as well as the adoption and utilization of hermetic storage
technology in the Gatsibo District among selected smallholder maize
farmers. The data were analysed using STATA with the use of econo-
metrics models- Multivariate Probit (MVP).

3. Results and discussion

3.1. Farmers’ socio-demographic characteristics

Out of the total of 301 respondents, 41% of the smallholder maize
farmers in Gatsibo district have adopted hermetic storage technologies
(silos and hermetic bag) while 59% used polypropylene sacks with and
without chemicals (Table 1). The majority (76%) of heads of households
Table 2. Summary statistics of selected farm characteristics among HST adopters and

Variables Mean

Adopters
n ¼ 122

Non-Ad
n ¼ 17

Farm Characteristics

Size of maize plot (Ha) 0.54 (39.69) 0.42 (3

Quantity of maize produced (Kg) 757.3 (264) 658.3 (

Quantity of stored maize (Kg) 232.3 (182) 187.2 (

Distance home- input provider (Km) 1.57 (1.35) 1.86 (1

Off farm income in (USD) 58 (150.9) 43.3 (1

Other crops plot number 4 (2.86) 3.2 (2.4

Selling maize soon after it dries (1 ¼ Yes) 0.75 (0.43) 0.77 (0

Buying maize (1 ¼ yes) 0.06 (0.23) 0.12 (0

Outcome variable

Maize income (USD) 61.8 (53.12) 49.8 (4

*, **, *** significant at 10%, 5% and 1% respectively. Standard deviations are in par
USD stands for United States of America dollar.
HST stands for Hermetic storage technologies in maize.
Source: Author's analysis of household survey data, 2019
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were male. The pooled average age of the household heads in Gatsibo
District was 47 years (range from 25 to 69 years old). The HST adopters
were significantly older than non-adopters with more experience in
maize production. However, the household heads of the two groups had
attained a similar level of formal education of 5.8 years, against the na-
tional average of 4.4 (United Nations Development Programme [UNDP],
2020).

The majority (90%) of household heads belonged to maize farmer
groups, and 60% had received government extension services twelve
months preceding the survey. This is against the 2017 Rwanda agricul-
tural household survey report that 12.5% of agricultural households have
at least one member belonging to agricultural cooperatives and 29.6%
receiving agricultural extension services or training (NISR, 2018). Of the
301 maize farming households, 64% received training on post-harvest
handling and storage. HST adopters had greater access to extension
services and training related to post-harvest handling and storage
compared to non-adopters. They, therefore, seem to have higher social
capital from better access to information and social services.

Access to credit was low, as reported by 31% of respondents. The
major sources of credit (42%) were from village saving associations
(VSAs) (42%), cooperatives (37%), friends and family (12%), and 8%
from banks and other financial institutions. The farmers decried the high
non-adopters in in Gatsibo District, Rwanda.

2-tailed
t-test

χ2-value

opters
9

Overall
n ¼ 301

3) 0.47 (36.3) 3.02***

291.4) 698.4 (284.4) 3.006***

142.21) 205.5 (160.8) 2.41***

.45) 1.73 (1.4) - 1.67**

02.7) 49.3 (124.5) 1.002

9) 3.5 (2.7) 2.44***

.42) 0.76 (0.4) 0.11

.32) 0.09 (0.3) 3.09*

4.23) 54.67 (49.82) 2.41***

entheses.



Figure 2. Alternatives maize storage technologies used by smallholder farmers in Gatsibo district in May 2019.
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interest rates on bank loans and irregular cash flow from farming because
of the seasonal nature of production, making monthly loan payments
untenable. It is in line with the 2017 Agricultural Household Survey that
revealed that countrywide, only 4.7% of households had at least one
household member who requested an agricultural loan.

The average area under maize farm was 0.47 ha. On average, HST
adopters had significantly more land under maize than non-adopters
(Table 2). However, the average land size under maize was smaller
than the national agricultural land average of 0.6 (NISR, 2018). Probably
as a result, more (12%) HST non-adopters bought maize within the
season than adopters (6%), suggesting the latter was more self-sufficient
in maize than the former. Similarly, the average quantities of maize
produced and stored were significantly higher among the HST adopters
compared to non-adopters. It suggests that in terms of maize production,
HST adopters were better off relative to non-adopters.

Figure (2) presents various maize storage technologies commonly
reported by maize farmers in Gatsibo District. Polypropylene sacks with
chemicals were the most popular, followed by polypropylene sacks
without chemicals and hermetic bags. Considering HST, i.e., silos and
hermetic bags, 41% of farmers had adopted at the time of the survey
against 37% nationally (OAF, 2014), showing that HST is getting atten-
tion in Gatsibo District. The fact that 59% of farmers did not use HST
suggests the need for much more effort to facilitate the adoption of HST
in Gatsibo District, Rwanda.
Table 3. Pairwise correlation coefficients of the error terms of the adoption
equations of the four maize storage technologies used in Gatsibo District,
Rwanda.

Technology Polypropylene
sacks

Polypropylene
sacks and
chemicals

Silos Hermetic
bags

Polypropylene
sacks

1.00

Polypropylene
sacks and
chemicals

-0.43*** (0.00) 1.00

Silos -0.22*** (0.00) -0.4*** (0.00) 1.00

Hermetic bags -0.32*** (0.00) -0.46*** (0.00) 0.14**
(0.02)

1.00

Numbers in parenthesis are p-values; *p < 0.1, **p < 0.05, ***p < 0.01.
Source: Author's analysis of household survey data, 2019
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3.2. Potential substitutability between alternative maize storage
technologies

The specific objective of this paper was to assess the factors affecting
smallholder farmers’ decision to use alternative maize storage technol-
ogies. To accommodate the four alternative technologies identified, the
multivariate probit model (MVP) was applied. The appropriateness of the
model was assessed by considering the pairwise correlation between
error terms of the adoption equations first (Table 3). The correlation
coefficients were found to be statistically significant, implying that the
decision to use one specific maize storage technology affects his likeli-
hood of using the other maize storage technologies.

The correlation between hermetic and non-hermetic maize storage
technologies was negative and statistically significant, showing the po-
tential substitutability between the two groups of storage technologies.
Thus, the promotion of HST is likely to reduce the use of non-hermetic
storage technologies among maize farmers if the right conditions,
including pricing, affordability, and availability, are provided. There is
also a positive correlation between hermetic bags and silos, implying that
they are complementary (i.e., silos and hermetic bags, are perceived by
farmers to work well together).

About 8% of farmers who used both silos and hermetic bags noted
that hermetic bags are preferred for short-term storage of smaller quan-
tities of maize. Silos are also used for the long-term storage of large
quantities of maize (above 100 Kg). This finding is consistent with that of
Alemu et al. (2021), who revealed that the selection of a specific hermetic
storage technology to use depends on its storage capacity. The preference
is rational because it avoids repeated breaking of the hermetically sealed
silos, which reduces the risk of fungal growth and aflatoxin contamina-
tion, especially in warm and humid storage environments. According to
Villers et al. (2008), uncompromised hermetic seals ensure that the
moisture levels in the silo remain constant, preventing fungal growth.

3.3. Factors influencing smallholder farmers’ choice of alternative maize
storage technologies in Gatsibo District of Rwanda

The Multivariate probit results are shown in Table 4, got referring to
the system of Eq. (5), which revealed that the MVP model fitted the
data well (Wald χ2 ¼ 248.12; p ¼ 0.0000). Since the Likelihood Ratio
Chi-Square value (χ2) (6) ¼ 134 was significant at p < 0.01, we reject
the null hypothesis that the covariances of the error terms in the
adoption equations are not correlated. It implies that farmers’ decision



Table 4. Maximum likelihood estimates of factors influencing smallholder farmers’ choice of alternative maize storage technologies in Gatsibo District, Rwanda.

Variables Polypropylene sacks alone Polypropylene sacks &
chemicals

Silos Hermetic bags

COEF. R.SD MFX COEF. R.SE MFX COEF. R.SE MFX COEF. R.SE MFX

Household characteristics

Age of household head 0.55 0.37 0.12 -0.32 0.34 -0.1 0.4 0.4 0.07 -0.6 0.37 -0.16

Sex of household head (1 ¼ Male) -0.07 0.2 -0.016 0.4* 0.2 0.12 -0.7*** 0.26 -0.13 -0.2 0.22 -0.05

Family size (number) 0.07 0.2 0.01 -0.33* 0.2 -0.11 0.6** 0.25 0.11 0.3 0.2 0.08

Schooling of household head (Years) 0.4*** 0.14 0.09 -0.2* 0.12 -0.06 0.09 0.15 0.02 0.016 0.16 0.004

Off farm Income (USD) -0.02 0.05 -0.004 -0.012 0.05 -0.004 0.08 0.056 0.01 0.02 0.05 0.06

Buying maize(1 ¼ yes) 0.15 0.3 0.03 0.3 0.33 0.1 0.03 0.44 0.01 -0.2 0.4 -0.05

Institutional characteristics

Access to training (1 ¼ Yes) -0.51** 0.21 -0.11 -1.1*** 0.19 -0.35 1.8*** 0.34 0.32 1.4*** 0.24 0.4

Access to credit (1 ¼ Yes) -0.42* 0.23 -0.1 0.3 0.21 0.1 -0.8*** 0.3 -0.15 0.5** 0.21 0.14

Group-membership (1 ¼ Yes) -0.62** 0.3 -0.14 0.43 0.3 0.14 0.5 0.35 0.1 -0.3 0.3 -0.08

Farm characteristics

Other crop plot number -0.11 0.19 -0.02 -0.13 0.7 -0.4 0.33* 0.2 0.06 0.37** 0.18 0.1

Quantity of maize (Kg) -0.3* 0.16 -0.07 0.02 0.14 0.007 0.15 0.22 0.03 0.22 0.17 0.06

Distance input market (Km) 0.22 0.14 0.05 0.21** 0.1 0.07 -1.36*** 0.13 -0.07 -0.13 0.1 -0.036

Selling maize soon after it dries(1 ¼ Yes) 1.32*** 0.32 0.3 -0.2 0.2 -0.06 -0.31 0.26 -0.06 -0.34 0.22 -0.09

Constant -2 1.54 -0.44 2 1.5 0.66 -5.8*** 2.1 -1 -1.1 1.7 -0.32

Log likelihood -454

Wald Chi2(χˆ2) 248.12***

Likelihood ratio test χˆ2 (6) 134***

***, **, * represent statistical significance at 1%, 5%, 10% respectively. COEF: Coefficient; RSE: Robust standard Errors, MFX: marginal effect; n ¼ 301.
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to adopt one technology affects the decision to adopt other technolo-
gies. It leads to the conclusion that the results of the multivariate
regression are more reliable compared to results from separate uni-
variate regressions. In the following discussion of the results, the effect
of a variable on the decision to adopt different storage technologies is
considered statistically significant if it is at the 10% significance level or
lower, as stated in the table.

Among the socio-demographic characteristics, gender of the house-
hold head, family size, and years of schooling of the household head had
a significant effect on farmers’ choice of alternative maize storage tech-
nologies in Gatsibo District. Male-headed households were 12% more
likely to use polypropylene sacks with chemicals but 13% less likely to
use silos, implying that female-headed households were more likely than
male-headed ones to use silos. Since silos avail longer-term chemical-free
storage for maize, they complement the caregiving role and household
food security concerns of women in the area. This finding contradicts that
of Gitonga et al. (2015), who found that the sex of the household head
had no significant effect on the adoption of grain silos.

The results in Table 4 show that an increase in family size decreased
the probability of choosing polypropylene sack with chemicals by 11%
but increased the likelihood of choosing silos by the same margin. This is
consistent with the higher food and income needs of larger households,
as silos can store more maize and ensure its safety for a long time without
requiring the use of chemicals (Hodges et al., 2011). It also points to
household efforts to avoid the use of chemicals for maize storage, which
is not only expensive but also perceived as detrimental to human health
(Umubyeyi and Rukazambuga, 2016).

The number of years of formal schooling by the household head
decreased the probability of using polypropylene sacks with chemicals by
6% but increased the probability of using polypropylene sacks without
chemicals by 9%. This is because more educated farmers can seek, read,
and interpret health-related messages more effectively relative to their
uneducated counterparts. Therefore, they are more aware of the side
effects of different chemicals used in maize storage on health. This result
is supported by the fact that 54% and 24% of farmers who used poly-
propylene sacks with chemicals used malathion dust and phosphine
(fumigant tablets) respectively. It is worth noting that 22% of farmers
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stated that they often used unauthorized chemicals like Dichlor-
odiphenyltrichloroethane (DDT). It is an example of a chemical, which is
no longer recommended for stored-grain pest control, as it is classified as
a health hazard (RAB, 2018). Serious markets rejected maize that has
been stored using this chemical, deeming it to be of lower quality. This
finding is like that of Gitonga et al. (2015), who observed that an increase
in the number of years spent at school by the household head increased
the likelihood of adopting storage technologies that maintain the quality
of stored maize and do not require the use of chemicals.

Among the institutional factors, training on post-harvest handling and
storage of grain reduced the probability of choosing polypropylene sacks
with and without chemicals. However, it increased the probability of
choosing silos and hermetic bags by 32% and 40%, respectively. This can
be taken as evidence that training on post-harvest handling and storage of
grains increased farmer awareness of the importance of hermetic maize
storage technologies in Gatsibo District. These results are consistent with
the findings of Kisogo (2018), who revealed that the selection of hermetic
bags and silos have been influenced by access to training while reducing
the probability of using Sulphate bags. These results support the conclu-
sion of Kassie et al. (2015) that certain knowledge and skills (imparted
during post-harvest handling and storage training) are necessary at the
initial introduction of the technology as for its continued use.

Access to credit had a positive and significant effect on the probability
of a farmer choosing hermetic bags. A shift from credit no-access to ac-
cess would increase the choice probability by 14%. However, it would
reduce the probability of choosing polypropylene sacks without chem-
icals by 10% and silos by 15%. This could be since farmers who had
access to credit get the financial means to purchase hermetic storage
technologies to reduce storage losses. The average price of a hermetic bag
and a polypropylene sack was 1400 RwFr (1.6 USD) and 300RwFr
(0.33USD), respectively, which is affordable by Rwandese standards.
During the survey, farmers intimated that at 83,500 RwFr (92.6 USD), a
500 kg silo was too expensive for them to afford, particularly given that
the average credit amount received by farmers was RwFr 23,403 (USD
26). The positive role of credit access to technology adoption observed in
this study is consistent with Teklewold et al. (2013), who reported that
liquidity-constrained households are less likely to adopt sustainable
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agricultural practices and technologies which require investment beyond
their means. This result is also in line with Adegbola et al., 2010, who
found that access to credit reduced the probability of adopting improved
wooden granary in Benin.

Membership in farmer groups decreased the probability of choosing
polypropylene bags without chemicals by 14%. It suggests that mem-
bership in a maize farmer group exposed farmers to information about
different advanced storage technologies, reducing their inclination to use
polypropylene sacks without chemicals and motivating them to use
storage technology that reduces storage losses. This finding is consistent
with the argument advanced by Teklewold et al. (2013) and Shiferaw
et al. (2006) that social network (membership in farmer group or asso-
ciation) enhances the uptake of technological innovations through the
mobilization of resources and information sharing.

The number of plots allocated to other crops had a positive and sig-
nificant effect on the probability of choosing silos and hermetic bags. An
additional plot committed to other crops would increase the likelihood of
choosing the two technologies by 6% and 10%, respectively. It suggests
that farmers with larger farm sizes are assured to have food that will
supplementmaize, thus increasing the quantity of maize to store. Farmers
are, therefore, more likely to experiment with advanced maize storage
technologies since theywill need a technology thatwill assure the security
of their stored maize. This result tallies with that of Gitonga et al. (2015),
who observed that the increase in farm size influenced the adoption of
HST in Kenya. Maonga et al. (2013) found that farmers with large farm
sizes were likely to adopt advanced storage technologies in Malawi.

Distance to input markets had a positive and significant effect on the
use of polypropylene bags with chemicals. A 1 km increase in the distance
to the input provider would increase the probability of choosing poly-
propylene sacks and reduce that for choosing silos by 7%. The farmers
complained that, unlike polypropylene sacks and chemicals, silos were
not available in the nearest input markets. Therefore, an increase in
transaction cost associated with the transport and search for information
to acquire silos over longer distances is a plausible explanation for them
choosing polypropylene bags with chemicals found in the nearest input
markets. These results are consistent with those of Owach et al. (2017),
who found that farmers near (42%) the input market weremore informed
and more likely to use silo and hermetic bags in Northern Uganda.

Selling maize soon after it dries had a positive effect on the use of
polypropylene bags without chemicals. A smallholder farmer who sells
his/her maize soon after drying is 30% more likely to use polypropylene
sacks. Such farmers hardly store their maize for any length of time;
therefore, polypropylene bags meet their needs and are easily affordable.
This result is consistent with that of Bokusheva et al., (2012), who re-
ported that farmers who sold their maize immediately after harvest were
more likely to use polypropylene sacks as they did not have a plan to store
them for a long period. Similarly, Gitonga et al. (2015) found that
non-adopters of hermetic maize storage technologies sold most of their
maize immediately after harvest, with the quantity consumed at home
being higher than that sold.

4. Conclusion and recommendations

This study sought to determine factors affecting the adoption of
alternative storage technologies by using the multivariate probit model.
The results show that polypropylene sacks, chemicals, hermetic bags, and
grain silos are the commonest storage technologies used by smallholder
maize farmers in Gatsibo District. Despite government and donor sup-
port, only 41% of the respondents had adopted hermetic maize storage
technologies at the time of this study. Hermetic and non-hermetic maize
storage technologies had potential substitutability, suggesting that the
promotion of HST is likely to reduce the use of non-hermetic storage
technologies among maize farmers if the right conditions, including
pricing, affordability, and availability, are provided. Hence, the adopters
of hermetic maize storage technologies differed significantly from non-
adopters in terms of their socio-economic characteristics.
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The model results revealed that the probability of choosing poly-
propylene sacks with and without chemicals increased with the house-
hold head's years of schooling, his/her gender, selling maize before it
dries, and the distance to the input provider. while it decreased with
access to training in post-harvest handling and storage, access to credit,
group membership, and household size. It suggests that policies facili-
tating farmers' easy access to input markets, credit and training related to
post-harvest and storage loss reduction are recommended to help farmers
abandon inadequate storage technologies.

Farmers' choice of silos and hermetic bags, both of which are hermetic
maize storage technologies, have been positively influenced by household
size, training in post-harvest handling, and storage., Thus, it has been
negatively affected by the sex of the household head and the distance to
the input provider. Therefore, there is a need to facilitate maize farmers’
access to information on post-harvest handling and storage by investing in
capacity building and technical support to farmer groups. There is the
need to enhance easy access to maize storage technologies, such as her-
metic bags and silos through smart subsidies (e.g., grants, and discounted
charges for vulnerable farmers) to facilitate their wide adoption.

The number of plots allocated to other crops positively influenced the
probability of choosing hermetic storage technologies. There is, there-
fore, the need to promote crop diversification practices to help farmers
increase the quantity of maize stored by complementing it with other
crops. It will not only contribute to household food security but also in-
come. If this were to happen, it would motivate farmers to use advanced
storage technologies to secure their stored maize.

Declarations

Author contribution statement

Gilberthe Uwera Benimana: Conceived and designed the experiments;
Performed the experiments; Analyzed and interpreted the data;
Contributed reagents, materials, analysis tools or data; Wrote the paper.

Cecilia Ritho; Patrick Irungu: Conceived and designed the experi-
ments; Analyzed and interpreted the data; Contributed reagents, mate-
rials, analysis tools or data.

Funding statement

This work was supported by the African Economic Research Con-
sortium (AERC).

Data availability statement

Data will be made available on request.

Declaration of interests statement

The authors declare no conflict of interest.

Additional information

No additional information is available for this paper.

Acknowledgements

I would like to express my deepest gratitude to God for guidance and
strength during the entire period of working on this research paper. I
would like to appreciate all lecturers at the Department of Agricultural
Economics at the University of Nairobi for inducting me into the in-
tricacies of agricultural and applied economics. I would also like to
acknowledge Prof. Jean Chrysostome Ngabitsinze, for his continued in-
terest in my professional progress and his moral support. Sincere
appreciation to International Food Policy Research Institute (IFPRI) for
proving me with a platform to improve this research paper and my



G.U. Benimana et al. Heliyon 7 (2021) e08235
research career. Many thanks to Rwanda Post-Harvest and Agri-Business
Support Project (PASP), enumerators, and maize farmers who took part
in the data collection exercise in Gatsibo District, Rwanda.

References

Adegbola, P.Y., Oskam, A.J., Oskam, C., 2010. Economic Analyses of Maize Storage
Innovations in Southern Benin. Wageningen University, Netherlands. https://
library.wur.nl/WebQuery/wurpubs/392256. Unpublished doctoral dissertation.

African Post Harvest Information System, 2018. Losses for all crops in Rwanda. African
Post Harvest Information System. APHLIS. https://www.aphlis.net/en#/home?
lang¼en&amp;crop¼3&amp;year¼2017&amp;metric¼prc&amp;count501.
(Accessed 13 December 2019).

Aldrich, J.H., Nelson, F.D., Adler, E.S., 1984. Linear Probability, Logit, and Probit Models
(No. 45). Sage.

Alemu, G.T., Nigussie, Z., Haregeweyn, N., Berhanie, Z., Wondimagegnehu, B.A.,
Ayalew, Z., Baributsa, D., 2021. Cost-benefit analysis of on-farm grain storage
hermetic bags among small-scale maize growers in North-western Ethiopia. Crop
Protect. 143, 105478.

Bokusheva, R., Finger, R., Fischler, M., Berlin, R., Marín, Y., P�erez, F., Paiz, F., 2012.
Factors determining the adoption and impact of a postharvest storage technology.
Food Secur. 4 (2), 279–293.

Cascetta, E., 2009. Random utility theory. In: Transportation Systems Analysis. Springer
Optimization and its Applications, 29. Springer, Boston, MA, pp. 89–167 (2).

Chigoverah, A.A., Mvumi, B.M., 2016. Efficacy of metal silos and hermetic bags against
stored-maize insect pests under simulated smallholder farmer conditions. J. Stored
Prod. Res. 69, 179–189.

CIMMYT, I., 2010. Maize-Global alliance for improving food security and the livelihoods
of the resource-poor in the developing world. In: Draft Proposal Submitted by
CIMMYT and IITA to the CGIAR Comortium Board, 91. El Batan, Mexico.

De Groote, H., Kimenju, S.C., Likhayo, P., Kanampiu, F., Tefera, T., Hellin, J., 2013.
Effectiveness of hermetic systems in controlling maize storage pests in Kenya.
J. Stored Prod. Res. 53, 27–36.

Food and Agriculture Organization (FAO), 2019. The State of Food and Agriculture.
Moving Forward of Food Loss and Waste Reduction. FAO Rome. Licence: CC BY-NC-
SA 3.0 IGO. Retrieved from. http://www.fao.org/3/ca6030en/ca6030en.pdf.
Accessed December 2020.

Food and Agriculture Organization (FAO), 2011. Losses, FAO Global Food and Food
Waste: Extent, Causes and Prevention. FAO Rome. Retrieved from. http://www
.fao.org/3/i2697e/i2697e.pdf. Accessed June 2019.

Giertz, A., Gray, G., Mudahar, M.S., Rubaiza, R., Galperin, D., Suit, K., 2015. Rwanda
Agricultural Sector Risk Assessment. MINAGRI.

Gitonga, Z.M., De Groote, H., Kassie, M., Tefera, T., 2013. Impact of metal silos on
households’ maize storage, storage losses and food security: an application of a
propensity score matching. Food Pol. 43, 44–55.

Gitonga, Z., Groote, H.D., Tefera, T., 2015. Metal silo grain storage technology and
household food security in Kenya. J. Dev. Agric. Econ. 7 (6), 222–230.

Greene, H.W., 2003. Econometric Analysis, fifth ed. Prentice-Hall, Upper Saddle River,
NJ.

Greene, W.H., Hensher, D.A., 2010. Modeling Ordered Choices: A Primer. Cambridge
University Press.

Greene, W.H., 2012. NLOGIT Version 5 User Guide. Econometric Software, Plainview,
New York, USA.

Gustavsson, J., Cederberg, C., Sonesson, U., Otterdijk Rv, M., 2011. Global Food Losses
and Food Waste. FAO, Rome (Italy), pp. 2–818.

Gujarati, D.N., 2009. Basic Econometrics. Tata McGraw-Hill Education.
Hodges, R.J., Buzby, J.C., Bennett, B., 2011. Postharvest losses and waste in developed

and less developed countries: opportunities to improve resource use. J. Agric. Sci.
149, 37–45.

Hosmer, D., Lemeshow, S., 2000. Applied Logistic Regression, second ed. John Wiley &
Sons, Inc, New York.

Kaminski, Jonathan, Christiaensen, Luc, 2014. Post-harvest Loss in Sub-saharan Africa:
what Do Farmers Say. Policy Research Working Paper; No. 6831. License: CC BY 3.0
IGO. World Bank. World Bank Publications, Washington, DC. Retrieved from. https
://openknowledge.worldbank.org/handle/10986/17721.

Kassie, M., Teklewold, H., Jaleta, M., Marenya, P., Erenstein, O., 2015. Understanding the
adoption of a portfolio of sustainable intensification practices in eastern and southern
Africa. Land Use Pol. 429, 400–411.

Kathiresan, A., 2011. Strategies for Sustainable Crop Intensification in Rwanda. Shifting
Focus from Producing Enough to Producing Surplus. The Ministry of Agriculture and
animal resources, Republic of Rwanda.Retrieved from: http://197.243.22.137/ngoma/
fileadmin/_migrated/content_uploads/CIP_Strategies_2011.pdf. Accessed May 2019.

Kisogo, F.A., 2018. Economic Analysis of maize Storage Technologies Adopted by
Smallholder Farmers in Kilosa and Kongwa Districts. Doctoral dissertation. University
of Dodoma, Tanzania. Retrieved from: http://repository.udom.ac.tz/handle/20.500
.12661/1312?show¼full. Accessed May 2020.

Liao, T.F., 1994. Interpreting Probability Models: Logit, Probit, and Other Generalized
Linear Models. Sage Publications. A sage University Papers Series-Quantitative
Applications in the Social Sciences, pp. 7–101.

Maonga, B.B., Assa, M.M., Haraman, E.M., 2013. Adoption of small metallic grain silos in
Malawi: a farm level cross-sectional study. Int. J. Dev. Sustain. 2 (2), 1534–1548.

Ministry of Agriculture and Animal Resources (MINAGRI), 2018. Environmental and
Social Impact Assessment & Environmental and Social Management Plans for
8

Indicative Feeder Roads in Gatsibo District- Final Report. Feeder Roads Development
Project ID: P 126498. Ministry of Agriculture and Animal Resources, Kigali Rwanda.

Ministry of Agriculture and Animal Resources (MINAGRI), 2016. Post Havest Handling
and Storage Task Force Report. Ministry of Agriculture and Animal Resources, Kigali
Rwanda. Retrieved from. http://www.minagri.gov.rw/index.php?id¼571. Accessed
May 2019.

Ministry of Agriculture and Animal Resources (MINAGRI), 2011. Annual Report FY 2010/
2011. Ministry of Agriculture and Animal Resources, Kigali Rwanda, pp. 20–24.
Retrieved from. https://www.minagri.gov.rw/fileadmin/user_upload/Minagri/Publi
cations/Annual_Reports/Annual_Report_FY_2010_2011.pdf.

Ministry of Agriculture and Animal Resources (MINAGRI), 2018. Strategic Plan for the
Transformation of Agriculture (Plan Strat�egique pour la Transformation de
l’Agriculture) (PSTA). Ministry of Agriculture and Animal Resources Kigali, Rwanda.
Retrieved from. http://extwprlegs1.fao.org/docs/pdf/rwa180543.pdf.

National Institute of Statistics of Rwanda (NISR), 2018. The Fifth Integrated Household
Living Conditions Survey (EICV5, 2016/17) EICV5 Main Indicator Report. National
Institute of Statistics of Rwanda (NISR). Retrieved from. https://www.statistics.go
v.rw/publication/eicv-5-main-indicators-report-201617. Accessed September 2019.

National Institute of Statistics of Rwanda (NISR), 2018. Agricultural Household Survey
2017 Report. NISR, Kigali Rwanda. Retrieved from. https://www.statistics.gov.rw/
publication/agricultural-household-survey-2017. March 2020.

One Acre Fund (OAF), 2014. Post-harvest Home Storage, 2014: Trial Report. One Acre
Fund, Kigali, Rwanda. Retrieved from. https://oneacrefund.org/documents/77/Post-
Harvest_Home_Storage_Ag_Innovations.pdf. Accessed April 2019.

Nyamulinda, B., Bizoza, A., Rukazambuga, D., Wanjiku, C., Buruchara, R., Mugabo, J.,
Murorunkwere, F., Ntizo, S., Musana, B.S., Ngaboyisonga, C., Gafaranga, J.,
Habumugisha, P., Tuyisenge, J., Birachi, E., Adekunle, A.A., Fatunbi, A.O.,
Tenywa, M., 2011. Agricultural post-harvest Innovative technologies and access to
niche market: Experience from Gataraga IP, Rwanda. Learn. Publ. J. Agric. Environ.
Stud. 2 (1), 1–23.

Obeng-Ofori, D., Adarkwa, C., Ulrichs, C., 2015. Chemical, physical, and organic hermetic
storage technology for stored-product protection in African countries. In: Conference:
IOBC-WPRS Bulletin, Working Group, Integrated Protection of Stored Products. at:
Zagreb (Croatia), June 28 – July 1, 2015, 111, pp. 3–27.

Otieno, Z.A., 2010. The Role of Varietal Traits on the Adoption of Improved Pigeon Pea
Varieties in Kenya: the Case of Taita District. Thesis. University of Nairobi.

Owach, C., Bahiigwa, G., Elepu, G., 2017. Factors influencing the use of food storage
structures by agrarian communities in Northern Uganda. J. Agricul. Food Syst.
Commun. Develop. 7 (2), 127–144.

Payne, J.W., Bettman, J.R., Johnson, E.J., 1993. The Adaptive Decision Maker.
Cambridge University Press.

Payne, J.W., Bettman, J.R., Johnson, E.J., 1992. Behavioral decision research: a
constructive processing perspective. Annu. Rev. Psychol. 43 (1), 87–131.

Rwanda Agriculture Board (RAB), 2018. Sustainable Agricultural Intensification and Food
Security Project, Integrated Pest Management Plan Final Report, Rwanda Agriculture
Board and World Bank, Kigali Rwanda. Retrieved from: https://documents1.worl
dbank.org/curated/en/616431527233082577/pdf/Integrated-pest-management-pl
an.pdf. Accessed December 2019.

Shiferaw, B., Boddupalli M, P., Jonathan, H., Marianne, B., 2011. Crops that feed the
world 6. Past successes and future challenges to the role played by maize in global
food security. Food Secur. 3 (3), 307–327.

Shiferaw, B., Obare, G., Muricho, G., 2006. Rural Institutions and Producer Organizations
in Imperfect Markets: Experiences from Producer Marketing Groups in Semi-arid
Eastern Kenya; ICRISAT Socioeconomics and Policy Working Paper Series No. 23.
International Crops Research Institute for the Semi-Arid Tropics.

Soufiani, H.A., Parkes, D.C., Xia, L., 2014, June. Computing parametric ranking models
via rank-breaking. In: ICML, pp. 360–368.

Tefera, T., 2012. Post-harvest losses in African maize in the face of increasing food
shortage. Food Secur. 4 (2), 267–277.

Teklewold, H., Kassie, M., Shiferaw, B., 2013. Uptake of multiple sustainable agricultural
practices in Ethiopia. J. Agric. Econ. 64 (3), 597–623.

Teklewold, H., Kassie, M., Shiferaw, B., 2013. Adoption of multiple sustainable
agricultural practices in rural Ethiopia. J. Agric. Econ. 64 (3), 597–623.

The Rockefeller Foundation, 2015. Perspectives to Reducing Post-harvest Losses of
Agricultural Products in Africa: Background Paper. Feeding Africa, pp. 21–23. https
://www.afdb.org/fileadmin/uploads/afdb/Documents/Events/DakAgri2015/Agriult
ure_Industrialization_and_post-harvest_losses.pdf.

Umubyeyi, S., Rukazambuga, N.D.T.M., 2016. Small scale farmers’ knowledge on grain
losses from bean bruchid, pesticides safe use and implication on food security and
safety in Huye District, Rwanda. Rwanda J. Ser. D 1 (2016). Life and Natural
Sciences: Special issue II.

United Nations Development Programme (UNDP), 2020. Human Development Report
Human Development Indicators. Rwanda. UNDP, New York, United States. Retrieved
from. http://hdr.undp.org/en/countries/profiles/RWA. Accessed February 2021.

Villers, P., Navarro, S., DeBruin, T., 2008, September. Development of hermetic storage
technology in sealed flexible storage structures. In: Proceedings of the 8th
International Conference on Controlled Atmosphere and Fumigation in Stored
Products. CAF, pp. 21–26.

World Food Program (WFP), 2017. Ensuring Farmers Have Something to Harvest in
Rwanda. World Food Program, Rwanda. Retrieved from. https://insight.wfp.org/e
nsuring-farmers-havesomething-to-harvest-in-rwanda-260c2daee21e. Accessed May
2020.

Yamane, Taro., 1967. Statistics: an Introductory Analysis, 2nd Ed., A Harper International
Edition, Jointly Published by Harper & Row, New York. Evanston & London and John
Weatherhill, Inc., Tokyo, pp. 129–162.

https://library.wur.nl/WebQuery/wurpubs/392256
https://library.wur.nl/WebQuery/wurpubs/392256
https://www.aphlis.net/en#/home?lang&equals;en&amp;amp;crop&equals;3&amp;amp;year&equals;2017&amp;amp;metric&equals;prc&amp;amp;count501
https://www.aphlis.net/en#/home?lang&equals;en&amp;amp;crop&equals;3&amp;amp;year&equals;2017&amp;amp;metric&equals;prc&amp;amp;count501
https://www.aphlis.net/en#/home?lang&equals;en&amp;amp;crop&equals;3&amp;amp;year&equals;2017&amp;amp;metric&equals;prc&amp;amp;count501
https://www.aphlis.net/en#/home?lang&equals;en&amp;amp;crop&equals;3&amp;amp;year&equals;2017&amp;amp;metric&equals;prc&amp;amp;count501
https://www.aphlis.net/en#/home?lang&equals;en&amp;amp;crop&equals;3&amp;amp;year&equals;2017&amp;amp;metric&equals;prc&amp;amp;count501
https://www.aphlis.net/en#/home?lang&equals;en&amp;amp;crop&equals;3&amp;amp;year&equals;2017&amp;amp;metric&equals;prc&amp;amp;count501
https://www.aphlis.net/en#/home?lang&equals;en&amp;amp;crop&equals;3&amp;amp;year&equals;2017&amp;amp;metric&equals;prc&amp;amp;count501
https://www.aphlis.net/en#/home?lang&equals;en&amp;amp;crop&equals;3&amp;amp;year&equals;2017&amp;amp;metric&equals;prc&amp;amp;count501
https://www.aphlis.net/en#/home?lang&equals;en&amp;amp;crop&equals;3&amp;amp;year&equals;2017&amp;amp;metric&equals;prc&amp;amp;count501
https://www.aphlis.net/en#/home?lang&equals;en&amp;amp;crop&equals;3&amp;amp;year&equals;2017&amp;amp;metric&equals;prc&amp;amp;count501
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref2
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref2
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref3
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref3
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref3
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref3
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref4
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref4
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref4
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref4
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref4
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref6
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref6
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref6
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref7
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref7
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref7
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref7
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref9
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref9
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref9
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref10
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref10
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref10
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref10
http://www.fao.org/3/ca6030en/ca6030en.pdf
http://www.fao.org/3/i2697e/i2697e.pdf
http://www.fao.org/3/i2697e/i2697e.pdf
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref14
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref14
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref15
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref15
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref15
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref15
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref16
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref16
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref16
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref17
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref17
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref18
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref18
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref19
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref19
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref20
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref20
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref20
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref21
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref22
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref22
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref22
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref22
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref23
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref23
https://openknowledge.worldbank.org/handle/10986/17721
https://openknowledge.worldbank.org/handle/10986/17721
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref26
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref26
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref26
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref26
http://197.243.22.137/ngoma/fileadmin/_migrated/content_uploads/CIP_Strategies_2011.pdf
http://197.243.22.137/ngoma/fileadmin/_migrated/content_uploads/CIP_Strategies_2011.pdf
http://repository.udom.ac.tz/handle/20.500.12661/1312?show&equals;full
http://repository.udom.ac.tz/handle/20.500.12661/1312?show&equals;full
http://repository.udom.ac.tz/handle/20.500.12661/1312?show&equals;full
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref31
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref31
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref31
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref31
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref32
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref32
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref32
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref34
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref34
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref34
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref34
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref34
http://www.minagri.gov.rw/index.php?id&equals;571
http://www.minagri.gov.rw/index.php?id&equals;571
https://www.minagri.gov.rw/fileadmin/user_upload/Minagri/Publications/Annual_Reports/Annual_Report_FY_2010_2011.pdf
https://www.minagri.gov.rw/fileadmin/user_upload/Minagri/Publications/Annual_Reports/Annual_Report_FY_2010_2011.pdf
http://extwprlegs1.fao.org/docs/pdf/rwa180543.pdf
https://www.statistics.gov.rw/publication/eicv-5-main-indicators-report-201617
https://www.statistics.gov.rw/publication/eicv-5-main-indicators-report-201617
https://www.statistics.gov.rw/publication/agricultural-household-survey-2017
https://www.statistics.gov.rw/publication/agricultural-household-survey-2017
https://oneacrefund.org/documents/77/Post-Harvest_Home_Storage_Ag_Innovations.pdf
https://oneacrefund.org/documents/77/Post-Harvest_Home_Storage_Ag_Innovations.pdf
http://refhub.elsevier.com/S2405-8440(21)02338-0/opt2JSxokgMS3
http://refhub.elsevier.com/S2405-8440(21)02338-0/opt2JSxokgMS3
http://refhub.elsevier.com/S2405-8440(21)02338-0/opt2JSxokgMS3
http://refhub.elsevier.com/S2405-8440(21)02338-0/opt2JSxokgMS3
http://refhub.elsevier.com/S2405-8440(21)02338-0/opt2JSxokgMS3
http://refhub.elsevier.com/S2405-8440(21)02338-0/opt2JSxokgMS3
http://refhub.elsevier.com/S2405-8440(21)02338-0/opt2JSxokgMS3
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref43
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref43
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref43
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref43
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref43
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref43
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref44
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref44
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref45
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref45
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref45
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref45
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref46
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref46
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref47
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref47
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref47
https://documents1.worldbank.org/curated/en/616431527233082577/pdf/Integrated-pest-management-plan.pdf
https://documents1.worldbank.org/curated/en/616431527233082577/pdf/Integrated-pest-management-plan.pdf
https://documents1.worldbank.org/curated/en/616431527233082577/pdf/Integrated-pest-management-plan.pdf
http://refhub.elsevier.com/S2405-8440(21)02338-0/optNmApx949R1
http://refhub.elsevier.com/S2405-8440(21)02338-0/optNmApx949R1
http://refhub.elsevier.com/S2405-8440(21)02338-0/optNmApx949R1
http://refhub.elsevier.com/S2405-8440(21)02338-0/optNmApx949R1
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref49
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref49
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref49
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref49
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref51
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref51
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref51
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref53
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref53
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref53
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref54
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref54
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref54
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref55
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref55
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref55
https://www.afdb.org/fileadmin/uploads/afdb/Documents/Events/DakAgri2015/Agriulture_Industrialization_and_post-harvest_losses.pdf
https://www.afdb.org/fileadmin/uploads/afdb/Documents/Events/DakAgri2015/Agriulture_Industrialization_and_post-harvest_losses.pdf
https://www.afdb.org/fileadmin/uploads/afdb/Documents/Events/DakAgri2015/Agriulture_Industrialization_and_post-harvest_losses.pdf
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref58
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref58
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref58
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref58
http://hdr.undp.org/en/countries/profiles/RWA
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref60
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref60
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref60
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref60
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref60
https://insight.wfp.org/ensuring-farmers-havesomething-to-harvest-in-rwanda-260c2daee21e
https://insight.wfp.org/ensuring-farmers-havesomething-to-harvest-in-rwanda-260c2daee21e
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref62
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref62
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref62
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref62
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref62
http://refhub.elsevier.com/S2405-8440(21)02338-0/sref62

	Assessment of factors affecting the decision of smallholder farmers to use alternative maize storage technologies in Gatsib ...
	1. Introduction
	2. Materials and methods
	2.1. Theoretical framework
	2.2. Analytical method
	2.3. Study area
	2.4. Research design and sampling procedure
	2.5. Data collection and analysis

	3. Results and discussion
	3.1. Farmers’ socio-demographic characteristics
	3.2. Potential substitutability between alternative maize storage technologies
	3.3. Factors influencing smallholder farmers’ choice of alternative maize storage technologies in Gatsibo District of Rwanda

	4. Conclusion and recommendations
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interests statement
	Additional information

	Acknowledgements
	References


