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Abstract: Food security is a continuing challenge in Haiti. The demand for food far exceeds local
supply. As a result, Haiti imports nearly 50% of its national food needs. Postharvest management
is an often neglected link in the grain value chain that has potential to improve food availability.
We interviewed 214 farmers in three departments in July–August 2017 to assess postharvest handling
and storage of grains and gender roles in Haiti. Results showed that among the respondents: 64%
were male; 55% were over the age of 40 years; and about half had attended secondary school.
Maize and beans were the most grown and stored crops. The average production for maize and beans
was 288 kg and 88 kg, respectively. About 75% of the respondents stored less than 100 kg of either
crop. Rodents and insects were the main causes of loss during storage. Farmers who produced more
grain, stored longer, and experienced losses during drying and seed storage were more likely to use
insecticides on stored products. Postharvest management practices were gendered at the lower end
of the value chain; where women played a key role in marketing the grain. Addressing postharvest
management challenges, through targeted interventions, to increase food availability while investing
in maize and bean production can improve food security in Haiti.
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1. Introduction

Food insecurity has been a continuing challenge in Haiti [1]. The situation was exacerbated
by a 2010 earthquake, longstanding drought, floods, landslides and the devastating 2016 category
4 Hurricane Matthew that severely affected two million people in Haiti [1]. Other drivers of food
insecurity are poor performance of the agricultural sector that leads to heavy dependence on food
imports [2]. Haiti is making progress, but its global hunger index is at an “alarming” threshold
with about half of its population undernourished [2]. Haiti’s food and nutrition requirements are
ensured mainly through imports for a wide variety of goods including cereals, pulses and edible
oils [3]. The majority of Haitian farmers operate small-scale subsistence farms and have less than two
hectares of land [3]. Staple crops produced in Haiti are maize, wheat, sorghum, beans, peas, yams,
cassava, sweet potatoes, bananas and plantains [3]. In Haiti, crop production is extremely vulnerable
to the adverse effects of climatic events and shocks such as insufficient rainfall, hurricanes, flooding,
and droughts [4].

Postharvest losses in Haiti are due to several factors including inadequate handling and storage
practices. Haitian farmers typically store their crops for three to four months [5]. Farmers suffer
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high postharvest crop losses: losing up to one-third for cereal grains and legumes and nearly 50%
for fruits and vegetable crops [6]. Cereal and pulse losses are due to one or several of these factors
including insects, rodents, birds, and high moisture content. Insect pests alone cause an estimated
20–30% postharvest loss in developing countries [7]. Reducing cereal and legume losses caused by
insects, microorganisms, and rodents during storage can significantly increase food supplies and have
the same effect as putting more land into production [8].

To manage these postharvest challenges, most Haitian farmers transfer storage risks to the market
by selling grain after harvest and buying later during lean season or at sowing time [9]. For the grain
that is not sold, farmers use a variety of strategies including traditional methods and in some instances
insecticides [10]. However, poor storage practices and technologies still result in high infestation of
seed during storage [3]. By custom and as means of livelihoods, women in Haiti are actively involved
in most agricultural activities at the farm level, and more importantly in postharvest activities. Just like
in many other regions of the world, women are involved in grain storage [11,12]. In addition, women in
Haiti are involved in sales and informal market development of agricultural products such as fruits,
vegetables, and tubers [12]. A study conducted in Haiti showed that access to postharvest storage
technologies can increase women’s financial control of resources from stored maize [13].

Several efforts have been directed at addressing postharvest losses including the United Methodist
Committee on Relief (UMCOR) project, which was implemented in conjunction with the United States
Agency for International Development (USAID) [14]. The goal of the UMCOR project was to improve
postharvest management to increase incomes of farmers in the Cul-de-Sac Plain and hence stimulate
their crop production and improve yields beyond mere household consumption level. Under this
project, farmers in the Cul-de-Sac Plain received agricultural training and were provided with silos
and humidity meters [14]. After Hurricane Matthew, a non-profit organization piloted the introduction
of the Purdue Improved Crop Storage (PICS) bag to farmers in the Grand’Anse [15]. The goal was to
reduce postharvest losses and increase income of farmers. With an investment of US $4 in purchasing
a 50 kg PICS bag, entrepreneurial farmers made a profit of $8 for storing maize for about three
months [15]. Improved postharvest pest management is key to minimize storage losses and improve
food availability. Research conducted in Haiti showed that PICS bags increase maize availability in all
seasons and allow women to use it for various household needs [13].

As the interest continues to grow in promoting improved storage technologies, there is need to
assess the current postharvest practices among smallholder grain producers in Haiti. In particular,
it is important to understand smallholder drying, moisture assessment and storage practices, and the
role of gender in postharvest management. Therefore, this study was conducted to assess: (i) grain
production and postharvest management practices, (ii) factors affecting farmers’ decisions to use
insecticides, (iii) return on investment (ROI) using hermetic storage bags, and (iv) gender’s roles during
grain postharvest management.

2. Materials and Methods

2.1. Study Area

This study was conducted in three governmental departments (Ouest, Centre, and lower Artibonite)
in Haiti in July–August 2017. A map of the survey area is shown in Figure 1. The survey was
implemented in the Cul-de-Sac Plain, which is the second most important agricultural plain in Haiti.
The general climate of Haiti is tropical; however, it varies with elevation. The Cul-de-Sac Plain is
relatively warmer (26.2 ◦C) and dryer (740 mm) compared to the national mean annual temperature
(24.5 ◦C) and mean annual precipitation (1220 mm). The plain has two distinct rainy seasons April–June
and October–November. Thus, there are two main growing seasons per year. Crops produced in
the Cul-de-Sac Plain include cereals (corn, sorghum, and rice) and legumes (black beans, red beans,
Congo beans, peas, pigeon pea, and peanuts). In addition to rainfed agriculture, the plain has an
irrigation dam (Rivière Grise barrage) that provides permanent irrigation water to 10,000 farmers.
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The proximity of the Cul-de-Sac Plain to the capital city Porte-au-Prince is significant as a large market
for agricultural products.
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2.2. Sampling and Data Collection

A sample of 10 respondents was randomly selected from a list of 20 farmers who were members of
a farmers’ association. We planned to interview 200 farmers (belonging to 20 farmers’ associations) over
a period of 19 days between July and August 2017; fortunately, we exceeded our target. Responses were
collected from 214 farmers: 80 from the Ouest department, 63 from the Centre department, and 71 from
the lower Artibonite department. The survey questionnaire was developed in English and translated
to Haitian Creole. Then, it was transferred into the Kobo Toolbox platform (Harvard Humanitarian
Initiative, Cambridge, MA, USA). The questionnaire was administered through the use of Android
tablets via a downloaded data collection application, Kobo Collect. The survey had open and close-ended
questions. Data collected included:

(i) socio-demographics of the respondents,
(ii) types of grain produced,
(iii) storage and drying techniques,
(iv) pesticide usage,
(v) pest problems (insects, rodents, mold),
(vi) postharvest losses of maize and beans,
(vii) market prices for grains at different times after harvest, and
(viii) gender roles associated with crop production, storage, and marketing.

2.3. Data Analysis

Field data was downloaded from the Kobo cloud server into Microsoft Office Excel 2011,
cleaned and coded. Descriptive statistics were calculated (frequencies, cross tabulation) using the SPSS
24.0 (IBM Corporation, 2016, New York, NY, United States). Gender responses were compared using
chi square tests using GraphPad QuickCalcs software (GraphPad Software 2018). The factors affecting
decisions to store and use insecticides were assessed using the logistic regression model (GLM) in R
v.3.5.3. The analysis aimed at finding statistical significance of variables which increased or decreased
the probability to use insecticides. The logistic regression models were tested for fitness using the
likelihood ratio (LR) test.
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3. Results

3.1. Socio-Demographics and Grain Production, Drying and Storage Practices

The sociodemographic data of the respondents are shown in Table 1. Most respondents were
male (63.6%). The majority of farmers were over the age of 30 (81.8%) with 48.6% of respondents being
middle-aged farmers (31 to 50 y). Secondary school was the highest level of education for 48.6% of the
respondents. Nearly half (47.7%) of the interviewed farmers were married. A large majority of the
respondents (93.0%) reported agriculture as their main economic activity. A little over half (55.6%) of
the farmers reported owning/renting less than 1.3 ha of land. Most farmers reported maize as the main
crop (91.6%) along with beans (88.3%).

Table 1. Socio-demographic and grain production characteristics of respondents drawn from three
departments Ouest, Center and Artibonite of Haiti.

Variable Parameter % Respondents * (n = 214)

Gender Female 36.4
Male 63.6

Age (years) 20–30 18.2
31–40 26.2
41–50 22.4
50 + 33.2

Level of Education None 18.2
Literate 2.3

Pre-School 7.0
Primary School 16.8

Secondary School 48.6
College 7.0

Marital Status Single 46.3
Married 47.7

Widowed 5.6
Divorced/Separated 0.5

Principal Economic Activity Agriculture 93.0
Full-Time Employee 4.7

Trade 2.3

Land Size Less than 1.3 ha 55.6
1.4–2.5 ha −

2.6–3.9 ha 39.7
4.0–5.1 ha −

5.2–6.5 ha 1.9
More than 6.5 ha 2.8

Grains Produced Maize 91.6
Beans 88.3

Sorghum 34.1
Rice 29.0

Peanuts 18.7
Millet 6.5

Soybeans 0.9

* All sample size was true for all of the data.

Quantities of maize and beans produced and stored are shown in Table 2. For maize, about 56%
and 90% of farmers produced and stored less than 200 kg, respectively; while for beans, about 70.0%
and 91% of farmers produced and stored less than 200 kg, respectively.
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Table 2. Quantities of maize and beans produced and stored in three departments Ouest, Center
and Artibonite of Haiti.

Quantity (Kg) Maize (% Respondents)
n = 161

Beans (% Respondents)
n = 149

Produced Stored Produced Stored

0–50 17.4 57.1 24.8 60.4
51–100 17.4 18.6 19.5 17.4

101–200 21.1 13.7 25.5 13.4
201–500 34.2 9.3 24.8 6.0
> 500 9.9 1.2 5.4 2.7

Further analysis into the mean quantities produced, stored, purchased, consumed and sold is shown
in Table 3. While farmers produce for consumption, a big fraction of both crops are intended for sale.

Table 3. The total maize and beans’ production, storage, consumption and sale for the 2016–2017
growing season across three departments (Ouest, Center and Artibonite) of Haiti.

Parameter
Average Quantity (Kg)

Maize (n = 161) Beans (n = 149)

Purchase 9.05 14.92

Consumption 18.59 12.27
Sale 84.39 58.39

Data on grain drying practices are shown in Table 4. Nearly all farmers (98.5%) in all departments
dry their grain at home in the sun mainly on a mat/tarpaulin (39.9%). The most significant challenge
during drying was rain (79.5%). The sources of grain losses during drying were: insects (57.5%),
rodents (38.8%), moisture (34.6%), birds and other animals (47.2%), and theft (8.9%).

Table 4. Drying practices and challenges in three departments (Ouest, Center and Artibonite) of Haiti.

Variable Parameter % Respondents

Drying practices n = 203
Drying in the Field 7.4

Drying at home in the Sun 98.5
Drying in the House 2.0

Drying surfaces n = 203
Drying on the Ground 7.9

Drying on a Mat 25.1
Drying on a Tarpaulin 14.8

Drying challenges n = 195
Rain 79.5

Lack of Drying Space 36.9
Contamination 21.0

Drying losses n = 214
Insects 57.5

Rodents 38.8
Mold 34.6
Birds 26.2

Animals 21.0
Theft 8.9
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Data on grain storage practices are shown in Table 5. The great majority of farmers (93.0%) stored
grain after harvest mainly using sisal sacks (83.4%), and barrels or metal drums (41.2%). The most
reported storage location was a room in the house (87.4%).

Table 5. Storage practices and challenges in three departments (Ouest, Center and Artibonite) of Haiti.

Variable Parameter % Respondents

Storage Method n = 199
Sisal Sack 83.4

Barrel 41.2
Bucket 6.5

Polyethylene bag 0.5
Other 1.0

Storage Place n = 199
Room in the House 87.4

Silo 17.1
Tree Tops 15.6

Family Store 0.5
Other 2.0

Duration of Storage
(Maize) n = 161

Less than 3 Months 34.2
3–6 Months 34.2
6–9 Months 19.9

More than 9 Months 11.8

Duration of Storage
(Beans) n = 149

Less than 3 Months 46.3
3–6 Months 39.6
6–9 Months 8.7

More than 9 Months 5.4

Pest Control Methods n = 199
Chemical Products 55.8

Natural Products (Plant Extracts) 14.1
Do Nothing 28.1

Other 2.0

Storage Losses n = 197
Rodents 77.2
Insects 56.9
Mold 5.6
Theft 5.1
None 2.5

Storage duration was less than 6 months for 68.4% and 85.9% of farmers for maize and beans,
respectively. Use of chemical control to manage pests during grain storage was reported by just over
half (55.8%) of the farmers. Of the other half, 14.1% used natural products (plant extracts) and 28.1% did
nothing to control pests during storage. Of those who did not report using chemical products during
storage, 23.8% were concerned about toxic or health problems, while 28.9% reported the products were
either not available or there was no information on how to properly use or find them. Most farmers
(77.2%) reported rodents as a major source of grain loss during storage, followed by insects (56.9%).

3.2. Decision to Use Insecticides

Some factors were found to influence farmers’ decisions to use insecticide during storage and the
logistic regression model was well fitted (LR test p < 0.001; Table 6). The use of insecticides to protect
stored grain was significantly (p < 0.05) influenced by seed loss (farmers who experienced seed loss
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during storage were more likely to use insecticides), drying losses (farmers who experienced grain loss
during drying were more likely to use insecticides), the quantity produced (farmers who produced
more were more likely to use insecticides), and the duration of storage (farmers who stored for more
than 3 months were more likely to use insecticides).

Table 6. Factors affecting the use of chemical insecticides during grain storage among farmers in three
departments (Ouest, Center and Artibonite) of Haiti.

Variable Parameter OR a 95% CI b p LR test c

Location Ouest 1.0 referent

X2 = 21.4
d f = 7

p = 0.003
LogLik = −90

(df = 11)

Center 1.6 [0.6, 3.8] 0.328
Artibonite 0.6 [0.2, 1.6] 0.316

Seed Loss No 1.0 referent
Yes 2.1 [1.0, 4.4] 0.041

Quantity Stored 0.9 [0.9, 1.0] 0.357

Storage Duration Less than 3 months 1.0 referent
3 to 6 months 3.4 [1.4, 8.7] 0.008
6 to 9 months 5.9 [2.1, 18.5] 0.0013

More than 9 months 7.9 [2.3, 30.6] 0.0016

Storage Decisions Male 1.0 referent
Female 1.4 [0.6, 3.1] 0.401

a OR = odds ratio. b CI = confidence interval. c LR = likelihood ratio test; X2 = chi-square value; d f = degrees of
freedom; p = probability value; LogLik = model’s log likelihood.

3.3. Return on Investment if Farmers Stored Their Grain in PICS Bags

Price seasonality (price at harvest and during the lean season) varied between crops and sometimes
between the different departments (Table 7). Overall, gross margins on maize price showed a near
doubling effect between harvest and lean seasons. Beans showed a price increase of between 120 and
138 Haitian gourdes per kg on average. Using PICS hermetic technologies as a possible intervention for
storage among Haitian farmers, estimates of the return on investment (ROI) were calculated. The ROI
ranged from 39% to 50% for maize and 36% to 41% for beans. Ouest had the highest ROI for maize
(50%) while Artibonite had the highest ROI for beans (41%).

Table 7. Estimates of the return on investment (ROI) when farmers store grain for 6 months using
hermetic PICS bags in Ouest, Center and Artibonite departments of Haiti. Grain and PICS prices are in
Haitian gourdes (HTG).

Price (HTG/kg) HTG
Percent
ROI ***County Crop Harvest Lean

Season
Gross

Margin
Price

PICS *
OCC

**
Net

Gain

Ouest Maize 1082 2135.6 1053.6 256.65 120.48 676.47 50.53
Beans 4428.8 6833.4 2404.6 256.65 421.69 1726.26 36.84

Centre Maize 983.4 1840.8 857.4 256.65 111.60 489.15 39.45
Beans 5397.2 7951.4 2554.2 256.65 508.85 1788.70 31.64

Artibonite Maize 1083.4 1991.6 908.2 256.65 120.60 530.95 39.62
Beans 4718.8 7493 2774.2 256.65 447.79 2069.76 41.60

* Price PICS: Price of a hermetic 50 kg PICS storage bag is $4US (US $1 = 64.1634 HTG on 17 December 2017).
** OCC: opportunity cost of capital is estimated at 9% for 6 months. *** ROI: Return on investment estimates are
conservative because the cost is for one season use (some HST bags can be used for 2 or 3 years).
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3.4. Gender Roles in Postharvest Management Practices

Gender roles in postharvest practices are shown in Table 8. Overall, 66.4% of the farmers reported
that the male in the household owns/rents the land (x2 = 49.64; df = 2; p < 0.0001). Grain drying
activities were reportedly female dominated (53.7%) (x2 = 22.71; df = 2; p < 0.0001). For grain storage
activities, 49.2% said that the women were responsible, while 31.2% reported both men and women
were responsible (x2 = 12.86; df = 2; p = 0.0016). For marketing maize and beans, 88.2% (x2 = 134.54;
df = 2; p < 0.0001) and 96% (x2 = 149.66; df = 2; p < 0.0001) reported that the women were responsible
for taking the grain to the market, respectively.

Table 8. Gender postharvest practices across three departments Ouest, Center and Artibonite of Haiti.
Percentages with shared letters are not significantly different from each other (chi square; α = 0.05).

Gender

Parameter (% Respondents)

Land
Ownership

(n = 214)

Saving/Buying
Seed

(n = 214)

Grain
Drying

(n = 205)

Grain
Storage

(n = 199)

Maize
Marketing
(n = 161)

Beans
Marketing
(n = 149)

Male 66.4a 33.2a 14.6a 19.6a 6.8b 5.4b
Female 15.4b 43.0a 53.7b 49.2b 88.2a 90.6a

Both 18.2b 23.8a 31.7c 31.2c 5.0b 4.0b

It is also important to note that women play an important role in saving and buying seed (43%),
though it seems that both men and women are nearly equally responsible for this task (x2 = 5.420;
df = 2; p = 0.0665) (Table 8). Overall farmers source seed from the market (76.6%), and own seed
saving (62.6%) and agroshops (31.3%) (data not shown). Some of the most important saved seed
included maize, beans, rice and vegetables. Among 134 farmers who save their own seed for planting,
86.6% said that they incur losses during storage (data not shown).

4. Discussion

4.1. Grain Production, Drying and Storage

This study showed that smallholder farmers in Haiti rely heavily on agriculture for their
livelihoods. Prior work in northwestern Haiti found that agriculture accounted for nearly 90% of
farmers’ livelihoods [11]. Therefore investment in Haiti‘s smallholder farmers and the agricultural
sector in general is vital to building food security. Land available to each farmer for agricultural
activities is scarce and this study shows 55% own less than 1.3 ha. In 2003, the average plot was
2.7 hectares [16,17]; while at the time of this study, the land holdings were less than 1 ha. These data may
be compared to other countries such as Malawi, where 90% of total agriculture comes from smallholder
farmers who own less than 1 ha [18,19]. Grain production was dominated by small scale farmers
producing and storing less than 200 kg of either maize or beans. On average, farmers reported storing
87 kg of maize and 80 kg of beans each season. Most of the produced grain is sold right after harvest to
earn cash to meet other household needs [9]. This leaves the households’ food insecure and vulnerable
to shocks (e.g., climate). The small amount of grain being stored may be kept for consumption and/or
seed for the next planting. It is critical to increase productivity for Haitian smallholder farmers in the
plain to meet household and national food needs.

The majority of the respondents reported drying their grain at home in the sun on mats or
tarpaulins. Some of the associations interviewed had received tarpaulins from the UMCOR project in
2013/2014. The project had distributed 800 tarpaulins to 25 farmers’ associations in the Cul-de-Sac
Plain [14]. Some farmers pre-dry their grain in the field or dry them on the side of the roads.
Drying challenges reported include rain, insects, rodents, birds and animals. Since drying grain is done
out in the open and often on the ground, the grain is predisposed to moisture and humidity leading
to mold growth, decay and aflatoxin contamination that persists during storage [20]. Presence of
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aflatoxin contamination in peanuts and maize has previously been reported in Haiti [21,22]. Both of
the studies found aflatoxin levels well above the American and European standards [21]. We observed
that farmers typically leave maize in the field after maturity thus exposing the grain to weather events
such as tropical downpours, which often occur on a daily basis. In a comparable study on the effects of
delayed harvest in Uganda by Kaaya et al. 2005 [23], aflatoxin levels increased as much as 7-fold when
the maize harvest was delayed by three or four weeks after crop maturity. Training farmers on proper
postharvest handling and drying technologies would help improve grain quality.

Sisal sacks were the most widely used storage containers, probably due to their low cost, availability,
ability to further grain drying during storage, and ease of transport when selling grain at market [24].
Often second-hand cleaned oil drums were used as hermetic containers for protecting grain from
insects and rodents [25]. Bulk storage systems, such as silos, were not commonly used due to the
high cost of construction, maintenance (repair), and the large quantities of grain needed to fill them to
capacity [19]. However, in this study about 17% of farmers reported using silos for storage. This may
be due to the 2013/2014 UMCOR project intervention that distributed 95 silos to 25 agricultural farmers’
associations [14]. Introducing cost-effective on-farm storage methods, such hermetic storage bags
that have been widely disseminated in Africa and other regions of the world [26], would diversify
postharvest management options for farmers in Haiti.

Duration of storage was less than 6 months with farmers storing beans for slightly shorter times
than maize. The duration of storage depends on quantity stored and household needs such as cash
and food/consumption. Because most maize and beans were sold at harvest, most farmers did not
have much grain to store for long. Maize and beans are often sold in the market giving them a
“cash crop” status while other crops are kept and consumed in the home [11]. During storage, insects
and rodents were the two most important pests. Studies in several countries in Africa have found
that rodents are major pests of stored products—coming before or after insects [27]. Higher rodent
damage in Haiti may be attributed to the inadequate storage facilities, close proximity of the storage
space to surrounding fields and poor storage hygiene [28]. In addition, most farmers used sisal sacks
to store their grains, which often draw mice and rats. Rodents pose a threat to grain quality and
consumer health because they are disease-vectors [29]. Insect infestations that start during harvesting
and drying often continue during storage. Storage insects cause 20–30% loss for cereal crops like
maize [7]. Prior work has documented important insect pests in Haiti such as the rice weevil (Sitophilus
oryzae L. (Coleoptera: Curculionidae)) and the granary weevil (Sitophilus granarius L. (Coleoptera:
Curculionidae)) in stored maize [30]. An extensive checklist was compiled for the Island of Hispanola
(Haiti and Dominican Republic) and it was reported that the bean weevil (Acanthoscelides obtectus Say
(Coleoptera: Bruchidae)) was found in stored beans [31]. Rodent and insect control measures can be
put in place at a household level with integrated pest management training through extension services.

4.2. Decision to Use Insecticides

Farmers relied heavily on pest control methods such as chemicals and natural plant extracts to
control insects. Elsewhere, in Zambia and Malawi, over 70% of smallholder farmers used synthetic
pesticides to control insect pests of maize and beans [32]. The decision to use insecticide was mainly
determined by seed loss, drying losses, and storage duration. Farmers who did not report using chemical
products during storage were concerned about their toxicity or health risks. Pesticide use in developing
countries poses many challenges due to lack of strict regulations and farmers’ limited knowledge on their
proper use [33]. Cases of pesticide poisoning are known and can be attributed to using inappropriate
chemical products, incorrect dosage, and timing and targeting of application [34,35]. Given their
reliance on chemicals, Haitian farmers may be receptive to non-chemical methods (e.g., hermetic storage
technologies) for protecting their grain.
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4.3. Return on Investment

The Return on Investment (ROI) using PICS hermetic technology varied by crop and by department.
Overall, Haitian farmers would increase their income should they store their maize and beans in
hermetic PICS bags for about 6 months. ROI for maize was highest in Ouest (50%) while ROI for
beans was highest in Artibonite (41%). The data suggests that it is more profitable to store maize
for sale than any other crop in Haiti. Maize is an important food crop in Haiti and is grown across
10 departments [5]. Recently, the departments of Northeast, Northwest, Nippes, South, and Center
were affected by a drought between 2018 and 2019 [5]. These intermittent droughts mean that there
is always demand for grain on the market. Farmers who are able to store grain in PICS for several
months can increase their income [15,26,36].

4.4. Gender Implications

Gendered results in this study mainly apply to land ownership and grain sales. Men tend to own
the land on which grain crops are grown. Although women are also entitled to own and manage land,
they generally end up with smaller plots, due to informal and unfavorable customary land laws that
undermine women inheritance rights [37]. In some cases, customary laws radically forbid women from
owning land [38]. In Haiti, approximately 70% of Haitian women do not own land titles, 20% own
a property jointly with relatives, and only 9% own property on their own [39]. Women are mainly
responsible for taking the grain to the market for sale. Sales of produces are considered “women-only
activities”. The informal markets in which sales occur are usually female dominated [40].

A gender and food security assessment on PICS bags conducted in the Grand’Anse department of
Haiti revealed that women heads of households were too busy, hence did not gain from the “konbit”-a
cost-saving form of traditional organization of labor through reciprocal assistance among farmers [13].
These women end up paying for additional labor to work their land. Haitian female-headed
households account for 81.4% of the agricultural workforce and are most vulnerable to food insecurity
and poverty [39,41]. The assessment also highlighted ways in which postharvest management efforts
using hermetic PICS bags can positively affect the welfare of women farmers. Women who used PICS
bags to store maize can save considerable time during grain storage. They reported using the extra time
to engage in other income-generating activities. Such an asset (time) is certainly beneficial for women
heads of households working in the grain value chain. Moreover, with grains being available all year
round, women were able to keep grains in various unprocessed and processed forms, which contribute
to diversifying households’ diets and improving their household food and nutrition security [42].

5. Conclusions

This study revealed that there is need for preharvest and postharvest intervention to improve
production and food security in Haitian. Increasing productivity of farms in the Cul-de-Sac Plain of Haiti
will significantly increase the quantity of grain produced and eventually stored, thus cushioning Haitians
from shocks of food insecurity. Farmers are likely to store more if they produce more. Strengthening
postharvest extension and education activities can help Haitian farmers improve grain handling
and storage to reduce postharvest losses. Introducing drying technologies adapted to smallholder
farms would improve grain quality and reduce aflatoxin contamination. Scaling-up chemical-free and
cost-effective storage technologies (e.g., hermetic bags) to supplement silos may help mitigate storage
losses and reduce chemical use. Adoption of hermetic bags will improve overall livelihoods of the
farmers through the additional income. Targeted interventions that are gender sensitive would be
needed to empower women since they play such a pivotal role in the grain value chain (e.g., producers
and traders).

Author Contributions: Conceptualization, H.E.Q. and D.B.; methodology, H.E.Q. and D.B.; software, D.B.;
validation, A.N. and H.E.Q.; formal analysis, A.N., H.E.Q. and D.B.; investigation, H.E.Q. and T.V.; resources, D.B.;
data curation, A.N., H.E.Q., and D.B.; writing—original draft preparation, A.N. and H.E.Q.; writing—review and



Sustainability 2020, 12, 4608 11 of 13

editing, A.N., H.E.Q., T.V. and D.B.; visualization, A.N. and H.E.Q.; supervision, D.B.; project administration, H.E.Q.
and D.B.; funding acquisition D.B. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by an anonymous donor who made a donation to Purdue University, the D.
Thomas Woods Fund, and the PICS3 project (Grant number OPP1038622) funded by the Bill and Melinda Gates
Foundation to Purdue University.

Acknowledgments: We thank each farmer’s association in each of the three departments in Haiti (Ouest, Centre,
and Artibonite), along with their presidents and members, for giving us their valuable time and welcoming us so
warmly. We would also like to thank Edzer Millord for integral technical support. We thank the enumerators and
our translator for their valuable technical support. We thank the Venort family for housing and technical support.
Without their help this study would not have been possible. We thank all the donors who supported this study.

Conflicts of Interest: Dr. Dieudonne Baributsa is a co-founder of PICS Global Inc. a social enterprise that
commercializes post-harvest technologies (including PICS bags) to smallholder farmers across the world and
hence declares a conflict of interest. The other authors declare no conflict of interest. The funders had no role in
the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in
the decision to publish the results.

References

1. United States Agency for International Development (USAID). Agriculture & Food Security Fact Sheet. 2017.
Available online: https://www.usaid.gov/sites/default/files/documents/1862/FINAL_Food_Security_March_
2017.pdf (accessed on 10 December 2019).

2. Grebmer, K.V.; Bernstein, J.; Patterson, F.; Wiemers, M.; Chéilleachair, R.N.; Foley, C.; Gitter, S.; Ekstrom, K.;
Fritschel, H.; Mukerji, R. Global Hunger Index, The Challenge of Hunger and Climate Change. 2019.
Available online: https://www.globalhungerindex.org/pdf/en/2019.pdf (accessed on 15 December 2019).

3. Famine Early Warning Systems Network (FEWS NET). Haiti Staple Food Market Fundamentals. 2018.
Available online: https://fews.net/sites/default/files/documents/reports/Haiti%20MFR_final_20180326.pdf
(accessed on 15 December 2019).

4. Cohen, M.J.; Singh, B. Climate change resilience: The case of Haiti. Oxfam International. 2014. Available
online: https://www-cdn.oxfam.org/s3fs-public/file_attachments/rr-climate-change-resilience-haiti-260314-
en_2.pdf (accessed on 20 December 2019).

5. Global Agricultural Information Network (GAIN). Haiti: Grain and Feed Annual 2019. USDA FAS, 2019.
Available online: https://apps.fas.usda.gov/newgainapi/api/report/downloadreportbyfilename?filename=

Grain%20and%20Feed%20Annual_Port-au-Prince_Haiti_4-12-2019.pdf (accessed on 20 December 2019).
6. Feed the Future Haiti Appui à la Recherche et au Développement Agricole (AREA). Support to Agricultural

Research and Development, 2019. Addressing Postharvest Crop Loss and Food Safety in Haiti. Fact Sheet.
2019. Available online: https://area.ifas.ufl.edu/projects--partners/postharvest-and-food-safety/ (accessed on
20 December 2019).

7. Nayak, M.K.; Daglish, G.J. Importance of stored product insects. In Recent Advances in Stored Product
Protection; Athanassiou, C.G., Arthur, F.H., Eds.; Springer-Verlag GmbH: Berlin, Germany, 2018; pp. 1–18.

8. Harris, K.L.; Lindblad, C.J. Post-harvest grain loss assessment methods. Minn. Am. Assoc. Cereal Chem. 1978, 193.
9. Sperling, L.; Mcguire, S.; Smale, M.; Bayard, B.; Shannon, D. Seed System Security Assessment, Haiti. 2010.

Available online: https://www.crs.org/sites/default/files/tools-research/seed-system-security-assessment-
haiti.pdf (accessed on 17 February 2020).

10. Maguire, R. Food Crop Storage and Marketing in Haiti. In Development Perspectives for the 1990s; Prendergast
& Singer, Ed.; Palgrave Macmillan: New York, NY, USA, 1991; pp. 163–176.

11. Ibro, G.; Sorgho, M.C.; Idris, A.A.; Moussa, B.; Baributsa, D.; Lowenberg-DeBoer, J. Adoption of cowpea
hermetic storage by women in Nigeria, Niger and Burkina Faso. J. Stored Prod. Res. 2014, 58, 87–96.
[CrossRef]

12. Venort, T.; Calixte, M.C. Gender Integration in Agricultural Extension Services: A literature review. 2019.
Available online: https://area.ifas.ufl.edu/publications/ (accessed on 16 February 2020).

13. Venort, T.; Brutus, M.J.; Cadet, D.; Barthélus, K.; Nordehn, C. Résultats de L’évaluation de Genre et Sécurité
Alimentaire Des Sacs PICS en Haïti. 2018. Available online: http://www.culturalpractice.com/wp-content/
uploads/PICS_Technology-Profile_Haiti_Venort-et-al.-2018-2.pdf (accessed on 16 February 2020).

14. Presbyterian Mission Agency (PMA). Saving Grain for a Rainy Day in Haiti. 2014. Available online:
https://www.pcusa.org/news/2014/6/6/saving-grain-rainy-day-haiti/ (accessed on 18 February 2020).

https://www.usaid.gov/sites/default/files/documents/1862/FINAL_Food_Security_March_2017.pdf
https://www.usaid.gov/sites/default/files/documents/1862/FINAL_Food_Security_March_2017.pdf
https://www.globalhungerindex.org/pdf/en/2019.pdf
https://fews.net/sites/default/files/documents/reports/Haiti%20MFR_final_20180326.pdf
https://www-cdn.oxfam.org/s3fs-public/file_attachments/rr-climate-change-resilience-haiti-260314-en_2.pdf
https://www-cdn.oxfam.org/s3fs-public/file_attachments/rr-climate-change-resilience-haiti-260314-en_2.pdf
https://apps.fas.usda.gov/newgainapi/api/report/downloadreportbyfilename?filename=Grain%20and%20Feed%20Annual_Port-au-Prince_Haiti_4-12-2019.pdf
https://apps.fas.usda.gov/newgainapi/api/report/downloadreportbyfilename?filename=Grain%20and%20Feed%20Annual_Port-au-Prince_Haiti_4-12-2019.pdf
https://area.ifas.ufl.edu/projects--partners/postharvest-and-food-safety/
https://www.crs.org/sites/default/files/tools-research/seed-system-security-assessment-haiti.pdf
https://www.crs.org/sites/default/files/tools-research/seed-system-security-assessment-haiti.pdf
http://dx.doi.org/10.1016/j.jspr.2014.02.007
https://area.ifas.ufl.edu/publications/
http://www.culturalpractice.com/wp-content/uploads/PICS_Technology-Profile_Haiti_Venort-et-al.-2018-2.pdf
http://www.culturalpractice.com/wp-content/uploads/PICS_Technology-Profile_Haiti_Venort-et-al.-2018-2.pdf
https://www.pcusa.org/news/2014/6/6/saving-grain-rainy-day-haiti/


Sustainability 2020, 12, 4608 12 of 13

15. Zanmi, Haitian Farmers Win Big with New Storage Technology. 2017. Available online: http://www.
partnerswithsassier.org/2017/11/09/haitian-farmers-win-big-with-new-storage-technology/ (accessed on
16 February 2020).

16. Dolisca, F.; McDaniel, J.M.; Teeter, L.; Jolly, C. Land tenure, population pressure and deforestation in Haiti:
The case of Forêt des Pins Reserve. J. For. Econ. 2007, 13, 277–289. [CrossRef]

17. International Food Policy Research Institute (IFPRI). Food Security Portal: Haiti. 2012. Available online:
http://www.foodsecurityportal.org/haiti/resources (accessed on 18 February 2020).

18. Tchale, H. The efficacy of smallholder agriculture in Malawi. Afr. J. Agric. Resour. Econ. 2009, 3, 101–121.
19. Denning, G.; Kabambe, P.; Sanchez, P.; Malik, A.; Flor, R.; Harawa, R.; Nkhoma, P.; Zamba, C.; Banda, C.;

Magombo, C. Input Subsidies to Improve Smallholder Maize Productivity in Malawi: Toward an African
Green Revolution. PLoS Biol. 2009, 7, 1000023. [CrossRef] [PubMed]

20. Mwangi, J.K.; Mutungi, C.M.; Midingoyi SKGFaraj, A.K.; Affognon, H.D. An assessment of the magnitudes
and factors associated with postharvest losses in off-farm grain stores in Kenya. J. Stored Prod. Res.
2017, 73, 7–20. [CrossRef]

21. Aristil, J.; Venturini, G.; Maddalena, G.; Toffolatti, S.L.; Spada, A. Fungal contamination and aflatoxin
content of maize, moringa and peanut foods from rural subsistence farms in South Haiti. J. Stored Prod. Res.
2020, 85, 101550. [CrossRef]

22. Schwartzbord, J.R.; Brown, D.L. Aflatoxin contamination in Haitian peanut products and maize and the
safety of oil processed from contaminated peanuts. Food Control 2015, 56, 114–118. [CrossRef]

23. Kaaya, A.N.; Warren, H.L.; Kyamanywa, S.; Kyamuhangire, W. The effect of delayed harvest on moisture
content, insect damage, moulds and aflatoxin contamination of maize in Mayuge district of Uganda. J. Sci.
Food Agric. 2005, 85, 2595–2599. [CrossRef]

24. Hodges, R.; Farrell, G. Crop post-harvest: Science and technology. In Durables: Case Studies in the Handling
and Storage of Durable Commodities; Blackwell Science: Oxford, UK, 2004; Volume 2.

25. Natural Resources Institute, University of Greenwich (NRI). (2014–2018). Postharvest Loss Reduction Center,
Grain Stores Catalogue: Metal Drum. Available online: https://postharvest.nri.org/lossreduction/choosing%
20theright-grainstore/storage-search/59-metal-drums (accessed on 18 February 2020).

26. Baributsa, D.; Abdoulaye, T.; Lowenberg-DeBoer, J.; Dabiré, C.; Moussa, B.; Coulibaly, O.; Baoua, I. Market
building for post-harvest technology through large-scale extension efforts. J. Stored Prod. Res. 2014, 58, 59–66.
[CrossRef]

27. Abdoulaye, T.; Ainembabazi, J.H.; Alexander, C.; Baributsa, D.; Kadjo, D.; Moussa, B.; Omotilewa, O.;
Ricker-Gilbert, J.; Shiferaw, F. Postharvest Loss of Maize and Grain Legumes in Sub-Saharan Africa: Insights
from Household Survey Data in Seven Countries. Purdue Extension Agricultural Economics EC-807-W;
Purdue University: West Lafayette, IN, USA, 2016; Available online: https://www.extension.purdue.edu/

extmedia/EC/EC-807-W.pdf (accessed on 18 November 2019).
28. Edoh-Ognakossan, K.; Affognon, H.D.; Mutungi, C.; Sila, D.N.; Soul-Kifouly, G.M.; Owino, O.W. On-farm

maize storage systems and rodent postharvest losses in six maize growing agro-ecological zones of Kenya.
Food Secur. 2016, 8, 1169–1189. [CrossRef]

29. Panti-May, J.A.; Betancourt, S.H.; Pina, H.R.; Peralta, S.M. Abundance and population parameters of
commensal rodents in Yucatan, Mexico. Int. Biodeterior. Biodegrad. 2012, 66, 77–81. [CrossRef]

30. Cao, D.; Pimentel, D.; Hart, K. Post-harvest food losses (vertebrates). In Encyclopedia of Pest Management;
Pimentel, D., Ed.; Marcel Dekker: New York, NY, USA, 2002. [CrossRef]

31. Smith, R.C.; Audant, A. The more important injurious pests of Haiti. J. Econ. Entomol. 1930, 23, 972–979.
[CrossRef]

32. Perez-Gelabert, D.E. Arthropods of Hispanola (Dominican Republic and Haiti): A checklist and bibliography.
Zootaxa 2008, 1831. [CrossRef]

33. Kamanula, J.; Sileshi, G.W.; Belmain, S.R.; Sola, P.; Brighton, M.; Mvumi, B.M.; Nyirenda, G.K.C.;
Nyirenda, S.P.; Stevenson, P.C. Farmers’ insect pest management practices and pesticidal plant use in
the protection of stored maize and beans in Southern Africa. Int. J. Pest Manag. 2010, 57, 41–49. [CrossRef]

34. Snelder, D.J.; Masipiqueña, M.D.; De Snoo, G.R. Risk assessment of pesticide usage by smallholder farmers
in the Cagayan Valley (Philippines). Crop Prot. 2008, 27, 747–762. [CrossRef]

35. Williamson, S.; Ball, A.; Pretty, J. Trends in pesticide use and drivers for safer pest management in four
African countries. Crop Prot. 2008, 27, 1327–1334. [CrossRef]

http://www.partnerswithsassier.org/2017/11/09/haitian-farmers-win-big-with-new-storage-technology/
http://www.partnerswithsassier.org/2017/11/09/haitian-farmers-win-big-with-new-storage-technology/
http://dx.doi.org/10.1016/j.jfe.2007.02.006
http://www.foodsecurityportal.org/haiti/resources
http://dx.doi.org/10.1371/journal.pbio.1000023
http://www.ncbi.nlm.nih.gov/pubmed/19175292
http://dx.doi.org/10.1016/j.jspr.2017.05.006
http://dx.doi.org/10.1016/j.jspr.2019.101550
http://dx.doi.org/10.1016/j.foodcont.2015.03.014
http://dx.doi.org/10.1002/jsfa.2313
https://postharvest.nri.org/lossreduction/choosing%20theright-grainstore/storage-search/59-metal-drums
https://postharvest.nri.org/lossreduction/choosing%20theright-grainstore/storage-search/59-metal-drums
http://dx.doi.org/10.1016/j.jspr.2014.02.012
https://www.extension.purdue.edu/extmedia/EC/EC-807-W.pdf
https://www.extension.purdue.edu/extmedia/EC/EC-807-W.pdf
http://dx.doi.org/10.1007/s12571-016-0618-2
http://dx.doi.org/10.1016/j.ibiod.2011.10.006
http://dx.doi.org/10.1201/noe0824706326.ch300
http://dx.doi.org/10.1093/jee/23.6.972
http://dx.doi.org/10.11646/zootaxa.1831.1.1
http://dx.doi.org/10.1080/09670874.2010.522264
http://dx.doi.org/10.1016/j.cropro.2007.10.011
http://dx.doi.org/10.1016/j.cropro.2008.04.006


Sustainability 2020, 12, 4608 13 of 13

36. Baributsa, D.; Njoroge, A.W. The use and profitability of hermetic technologies for grain storage among
smallholder farmers in eastern Kenya. J. Stored Prod. Res. 2020, 87, 101618. [CrossRef]

37. Adeyemi, H. Food Security: Agriculture and Gender Relations in Post Harvest Storage. Afr. Res. Rev.
2010, 4, 144–152. [CrossRef]

38. Smucker, G.R.; White, T.A.; Bannister, M.E. Land tenure and the adoption of agricultural technology in Haiti.
In Innovation in Natural Resource Management: The Role of Property Rights and Collective Action in Developing
Countries; Meinzen-Dick, R., Knox, A., Place, F., Swallow, B., Eds.; Johns Hopkins University Press for the
International Food Policy Research Institute: Baltimore, MD, USA, 2002; pp. 119–146.

39. Cohen, M. Agricultural Challenges and Opportunities for Haiti’s reconstruction, in Planting Now; Oxfam GB;
ActionAid USA: Washington, DC, USA, Implementing the Tenure Guidelines for Women and Small-scale
Producers; 2015.

40. MARNDR/FAO. Recensement Général de L’agriculture. Synthèse Nationale Des Résultats du Recensement
Général de L’agriculture. 2009. Available online: http://agriculture.gouv.ht/view/01/IMG/pdf/Resultats_RGA_
National_05-11-12.pdf (accessed on 18 February 2020).

41. Steckley, M.E. Agrarian Change and Peasant Prospects in Haiti. 2015. Available online: https://ir.lib.uwo.ca/

etd/2831/ (accessed on 18 February 2020).
42. MCFDF. Politique Egalité Homme Femme: Autonomisation des Femmes; Bibliothèque Nationale: Port-au-Prince, Haïti, 2014.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.jspr.2020.101618
http://dx.doi.org/10.4314/afrrev.v4i4.69216
http://agriculture.gouv.ht/view/01/IMG/pdf/Resultats_RGA_National_05-11-12.pdf
http://agriculture.gouv.ht/view/01/IMG/pdf/Resultats_RGA_National_05-11-12.pdf
https://ir.lib.uwo.ca/etd/2831/
https://ir.lib.uwo.ca/etd/2831/
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Area 
	Sampling and Data Collection 
	Data Analysis 

	Results 
	Socio-Demographics and Grain Production, Drying and Storage Practices 
	Decision to Use Insecticides 
	Return on Investment if Farmers Stored Their Grain in PICS Bags 
	Gender Roles in Postharvest Management Practices 

	Discussion 
	Grain Production, Drying and Storage 
	Decision to Use Insecticides 
	Return on Investment 
	Gender Implications 

	Conclusions 
	References

