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Abstract: Postharvest management of grain and seed is a challenge among smallholder farmers.
Limited information is available on how smallholder farmers in eastern Democratic Republic of
Congo (DRC), who have been exposed to multiple conflicts, manage grain and seed after harvest. We
interviewed 690 smallholder farmers in Lubero (Baswagha chiefdom) and Rutshuru (Bwisha and
Bwito chiefdoms) territories of the North Kivu province of the DRC to assess how they dried and
stored their crops. Results reveal that 95% and 80% farmers produced beans and maize, respectively.
About half of respondents in Bwisha grew soybean, suggesting production diversification using
conflict-resistant crops to minimize thefts and looting. Rotting and theft were the major challenges
during field drying, while insects (81.3%) were the most important issue during storage. Sixty-six
percent of farmers did not protect their grain during storage, exposing it to insect damage. Farmers
producing beans in both Bwisha and Bwito, farmers storing beans and maize, and those storing for
more than three months were more likely to protect their grains during storage. More than 70% of
farmers saved seed for planting the next season but suffered significant weight losses of up to 50%
due to insects. Storing grain in hermetic bags for six months had an estimated return on investments
of up to 63% for maize in Baswagha and 54% for beans in Bwisha. Improved drying and storage
technologies would help smallholder farmers to reduce their grain postharvest losses due to mold,
theft, and insects. Smallholder farmers using these improved postharvest technologies have the
opportunity to secure quality grain for home consumption and sale, and seed for planting.

Keywords: postharvest management; maize; common beans; storage loss; hermetic technologies

1. Introduction

Postharvest management of grain and seed is a major challenge in the Democratic
Republic of Congo (DRC). North Kivu, one of the 27 provinces in the DRC, is located in
the eastern area and shares its borders with Uganda and Rwanda. North Kivu has great
agricultural potential due to its diverse topography, climate, and dynamic population [1].
For decades, the province had been considered the breadbasket of the whole country,
supplying food to national and international markets [2,3]. However, the province’s
prominence in agriculture started to decline in the mid-1990′s, due to a rise in armed
conflicts that created instability and massive displacement of rural populations [4–6]. The
insecurity caused by internal conflicts has deterred farmers from investing in agricultural
production [5].
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Agriculture plays a significant role in North Kivu, contributing to about 57% of
the province’s economy [7]. In fact, amongst all provinces in the DRC, North Kivu has
the second largest number of agricultural households (HHs), estimated at 1.23 million,
following South Kivu with 1.35 million [8]. The province produces cereal and legumes,
vegetables, fruits, tubers, tea, coffee, and cattle [9]. Further, North Kivu is the major
producer of common beans (Phaseolus vulgaris L.) in the DRC, supplying about 89% of
the country’ stock during the 2009–2014 period [10]. The beans produced in North Kivu
are commercialized mainly in South Kivu, Kinshasa, Kisangani, and Kasai, and are even
exported to Rwanda, Uganda, and Burundi [11]. About 32,000 tons of beans produced
in North and South Kivu were traded seasonally between DRC, Rwanda, Burundi, and
Uganda in early 2000’s [11].

Grain and seed storage have been major challenges in the DRC. Assessments con-
ducted in the DRC found that farmers lose substantial quantities (25 to 95%) of maize
and legumes during storage [12,13]. These losses are mainly due to poor postharvest
management and limited access to insecticides [13]. Sources of postharvest losses include
insects, poor storage conditions, rodents, diseases, theft, and livestock [14]. Recent studies
implemented in both the North and South Kivu provinces revealed that poor handling and
storage have also contributed to low crop production (e.g., common beans) [10]. Further,
improved storage technologies to preserve cereals and legumes have not been widely dis-
seminated and remain largely unavailable [15]. Seed storage has been a major production
constraint in North Kivu. Challenges during seed drying and storage lead to low-quality
planting materials that reduce crop yields. In the absence of good and reliable seed systems,
smallholder farmers in North Kivu mainly buy seed of varying quality from local markets,
and save and reuse it in following years [9]. In such circumstances, helping farmers to
preserve the quality of their own or local sources of seed becomes critical.

Complementary studies assessed the efficacy of natural products to control stored
product insect pests on beans and maize (Zea mays L.) in eastern DRC [16,17]. Results
revealed that some plant extracts and powders (e.g., Eucalyptus citriodora, Cupressus lusi-
tanica, Citrus limon, etc.) are effective at controlling insects such as Sitophilus spp. and
Acanthoscelides obtectus. Despite these interesting results, there is no evidence that farmers
have adopted these technologies. In fact, surveys conducted by various projects showed
that less than 10% of farmers used improved storage methods [15]. We conducted this
survey to assess postharvest management of grain/seed by smallholder farmers in Lubero
and Rutshuru territories in North Kivu. The objectives were to: (i) understand the major
cereal and legume grains produced by smallholder farmers; (ii) document how farmers
handled grain (drying) right before and after harvest; (iii) gain insights into grain and
seed storage practices, sources of losses, and protection methods; and (iv) estimate the
profitability of grain storage.

2. Materials and Methods
2.1. Survey Area and Context

This study was conducted in 2016 in Lubero (Baswagha chiefdom) and Rutshuru
(Bwisha and Bwito chiefdoms) territories of the North Kivu province in eastern DRC.
Respondents were selected among smallholder farmers in the project areas (Figure 1).
Figure 1 was obtained by mapping with R package mapview [18] and the coordinates
collected during the survey using the GPS locator feature embedded in the KoboCol-
lect Application. Then, these locations were appended into the Scalable Vector Graphics
(“.svg”) format maps of the DRC and North Kivu, shared by Afrogindahood under Cre-
ative Commons Attribution-Share Alike 4.0 International license in Wikimedia Commons
(https://commons.wikimedia.org/, accessed on 25 November 2020).

https://commons.wikimedia.org/
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Figure 1. Map showing approximate survey locations in the three chiefdoms where the study was implemented in the
North Kivu province, D. R. Congo.

The province of North Kivu, a mountainous region with savannas and plateaus
crossed by the Equator, has several soil types that are generally fertile, including volcanic
soils. Two major types of climate determine the variations in temperature and rainfall: the
tropical Afro-mountain climate in the highlands and the Guinean-equatorial climate in the
lowlands [1]. The climate is temperate but there is a correlation between temperature and
elevation. Average temperatures range from 15 ◦C at 2000 m above seas level (a.s.l.) to
about 23 ◦C below 1000 m a.s.l. [1]. The study was conducted south of the Equator where
average annual rainfall varies between 1000 mm to 2000 mm, with two rainy seasons:
September–December (major) and February–June (minor).

2.2. Sampling and Data Collection

This study was part of a postharvest project funded and implemented by the non-
governmental organization (NGO) Catholic Relief Services (CRS). The project was imple-
mented in only 544 villages in three chiefdoms in the North Kivu province (218 villages in
Baswagha, 190 villages in Bwisha, and 136 villages in Bwito), given the prevailing insecurity
and limited accessibility. We randomly selected 91 villages (36 in Baswagha, 32 in Bwisha,
and 23 in Bwito) for this survey, based on the proportion of the 544 villages assigned to
each of the three chiefdoms. In each village, we randomly selected eight farmers out of
a list of 15 HHs established by the extension agent in collaboration with the head of the
village. The 15 HHs were not randomly selected due to security concerns of enumerators
and respondents. The names of farmers from the 15 HHs were placed in a small basket
once they arrived at the meeting, and the first eight farmers selected were interviewed.
We originally aimed to interview 728 farmers but reached 690 respondents (about a 95%
response rate). Insecurity in some villages led to a low turnout.

Android tablets with a questionnaire uploaded in KoboCollect application [19] were
used to administer the survey. The survey had open- and close-ended questions. Data
collected included: (i) socio-demographic information; (ii) access to information; (iii) crops
produced and quantity; (iv) field drying techniques and challenges; (v) storage practices,
quantity stored and challenges, and quantity consumed; (vi) stored grain protection meth-
ods; (vii) prices of grains at harvest and during lean season; and (viii) seed storage, quantity
stored, and challenges. Questions on the challenges and source of loss during field drying
and storage were non-ranked multiple option questions.
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2.3. Data Analysis

Data were downloaded from KoboCollect, cleaned, and formatted to be analyzed
in an R package survey [20]. In the analysis, each interviewee was weighted based on
finite-population correction (FPC) values obtained from the estimated number of HHs in
each chiefdom. These values were calculated using the number of villages in the North
Kivu chiefdoms and population estimates previously reported [21,22]. To differentiate
farmers’ characteristics in terms of production, grain storage, and seed storage in the
three chiefdoms under this study, we performed a Kruskal–Wallis test using an R package
agricolae [23]. The factors affecting decisions to store and protect grain or seed under
storage were assessed using logistic regression analyses. These analyses aimed at finding
statistical significance of variables which increased or decreased the probability to store
and protect grain or seed. The logistic regression models were tested for fitness using the
likelihood ratio (LR) test. Finally, we analyzed the potential return on investment (ROI)
of storing grain using hermetic bags for a six-month period by comparing grain prices at
harvest and during the lean season. Grain price information was provided by interviewees
and we used the retail price of a 100-kg Purdue Improved Crop Storage (PICS) hermetic bag
in North Kivu. Descriptive statistics, logistic regression, and ROI analyses were performed
following the methods applied in previous survey-based agricultural studies [24,25]. All
variables resulting from the survey were categorical, except for “household size”, grain
“quantities” (produced, stored, and consumed), and the quantity of seed stored. Quantity
produced and stored were transformed (natural logarithm) only in the logistic regression
analyses. The significance threshold in all analyses was p < 0.05.

3. Results
3.1. Demographics

There were similarities and differences in the demographic characteristics of farmers
in the three chiefdoms in North Kivu (Table 1). The majority of respondents were female
(60.2%), had a primary or high school education (68.5%), and were married (82.2%)

Table 1. Demographic characteristics of farmers in Baswagha, Bwisha, and Bwito chiefdoms of the North Kivu province,
D. R. Congo.

Baswagha Bwisha Bwito Total

Percentage (Standard Error)

Variable Category n = 271 n = 236 n = 183 n = 690

Gender (%)
Female 62.4 (2.9) 58.9 (3.2) 56.3 (3.6) 60.2 (1.9)
Male 37.6 (2.9) 41.1 (3.2) 43.7 (3.6) 39.8 (1.9)

Marital Status (%)

Married 79.7 (2.4) 81.4 (2.5) 92.9 (1.9) 82.2 (1.5)
Single 17 (2.3) 5.1 (1.4) 0.5 (0.5) 10.3 (1.2)

Widow 2.2 (0.9) 11.9 (2.1) 6.6 (1.8) 6.3 (0.9)
Divorced 1.1 (0.6) 1.7 (0.8) 0.0 (0.0) 1.2 (0.4)

Age (%)

20–30 years 23.6 (2.6) 19.1 (2.5) 26.8 (3.2) 22.4 (1.6)
31–40 years 27.3 (2.7) 28.4 (2.9) 23 (3.1) 27.1 (1.8)
41–50 years 22.1 (2.5) 24.2 (2.8) 27.3 (3.2) 23.6 (1.7)

50 years and more 26.9 (2.7) 28.4 (2.9) 23 (3.1) 26.9 (1.8)

Education level (%)

No education 18.8 (2.4) 32.2 (3.0) 38.8 (3.5) 26.6 (1.7)
Literacy 2.2 (0.9) 2.1 (0.9) 5.5 (1.7) 2.7 (0.6)
Primary 47.6 (3.0) 38.1 (3.2) 38.8 (3.5) 42.9 (1.9)

High School 28.4 (2.7) 25.8 (2.8) 16.9 (2.7) 25.8 (1.7)
Superior 3.0 (1.0) 1.7 (0.8) 0.0 (0.0) 2.1 (0.6)

Main Activity (%)

Agriculture 87.1 (2.0) 91.5 (1.8) 97.3 (1.2) 90.2 (1.2)
Full time job 11.1 (1.9) 5.1 (1.4) 1.6 (0.9) 7.5 (1.0)

Trade 1.1 (0.6) 3.0 (1.1) 0.5 (0.5) 1.7 (0.5)
Other 0.7 (0.5) 0.4 (0.4) 0.5 (0.5) 0.6 (0.3)



Sustainability 2021, 13, 9580 5 of 14

There were more respondent widows in Bwisha than in Baswagha and Bwito. The
respondents’ HH average size was seven people. The main economic activity of the
respondents was agriculture (90.2%). The majority of farmers in Baswagha and Bwito had
contact with extension services (NGOs, projects, international agencies, etc.). Out of all the
farmers who had contact with extension agents, 56.1% were female and 43.9% were male.

3.2. Cereal and Legume Crops Grown, and Postharvest Grain Handling

The most important cereal and legume crops produced by farmers in the three chiefdoms
were beans (95.3%) and maize (80.4%) (Table 2). Minor grain crops of importance included
soybean (Glycine max), sorghum (Sorghum bicolor), and peanut (Arachis hypogaea). Soybean
was the most cultivated minor crop, planted by 47.5% of farmers in Bwisha (Table 2).

Table 2. Main cereal and legume crops produced, sources of losses during field drying, and drying methods in Baswagha,
Bwisha, and Bwito chiefdoms of the North Kivu province, D. R. Congo.

Baswagha Bwisha Bwito Total

Variables/Categories Percentage (Standard Error)

Farmers producing cereal/legume crops (%) a n = 271 n = 236 n = 183 n = 690

Beans 92.6 (1.6) 97.9 (0.9) 97.8 (1.1) 95.3 (0.9)
Maize 70.8 (2.8) 91.1 (1.8) 86.3 (2.5) 80.4 (1.6)

Soybean 10.0 (1.8) 47.5 (3.2) 2.2 (1.1) 22.3 (1.5)
Sorghum 0.0 (0.0) 17.4 (2.5) 20.2 (2.9) 9.2 (1.0)
Peanut 2.2 (0.9) 11.4 (2.1) 18.6 (2.8) 7.9 (1.0)
Millet 0.0 (0.0) 0.8 (0.6) 2.7 (1.2) 0.7 (0.3)
Rice 0.7 (0.5) 0.0 (0.0) 0.5 (0.5) 0.4 (0.3)

Source of losses during field drying (%) a n = 252 n = 153 n = 177 n = 582

Rotting 73.4 (2.8) 46.4 (4.0) 51.4 (3.7) 59.8 (0.0)
Animals 43.3 (3.1) 47.1 (4.0) 33.3 (3.5) 42.6 (0.0)
Insects 57.9 (3.1) 17.0 (3.0) 26.0 (3.2) 41.1 (0.0)
Theft 22.2 (2.6) 50.3 (4.0) 59.9 (3.6) 36.5 (0.0)

Weather 2.8 (1.0) 12.4 (2.7) 21.5 (3.0) 8.6 (0.0)
Fall to the ground 2.0 (0.9) 1.3 (0.9) 0.6 (0.6) 1.6 (0.0)

Other 1.6 (0.8) 6.5 (2.0) 0.0 (0.0) 2.7 (0.0)

Drying method (%) n = 271 n = 236 n = 183 n = 690

Tarpaulin 65.7 (2.9) 72.9 (2.9) 65.0 (3.5) 68.2 (1.8)
On the ground 22.9 (2.6) 12.7 (2.2) 9.8 (2.2) 17.3 (1.5)

Mats 1.1 (0.6) 13.1 (2.2) 24.0 (3.1) 8.8 (1.0)
Plastic sheets 5.9 (1.4) 1.3 (0.7) 0.0 (0.0) 3.4 (0.8)

Others 4.4 (1.2) 0.0 (0.0) 1.1 (0.8) 2.3 (0.6)
a Multiple choice questions; respondents may have picked more than one response.

Challenges of crop handling during field drying and threshing/shelling included
rotting, animal damage (e.g., livestock), insect infestation, and theft (Table 2). During field
drying, both crop rotting and insect infestation were more pronounced in Baswagha (73.4%
and 57.9%, respectively) compared to the other chiefdoms. Theft was more prevalent in
both Bwito (59.9%) and Bwisha (50.3%) than in Baswagha (Table 2). All farmers (99.9%)
relied on the sun to dry their grains. After crops were moved out of the fields, the majority
of farmers (80.3%) used tarpaulins, mats, or plastic sheets to dry their grains (Table 2). All
farmers (99.9%) shelled or threshed their crops by hand; only one farmer in Bwisha used a
mechanical sheller (Table 2).

The quantity of grain produced varied by crop and chiefdom (Figure 2). Overall,
farmers produced larger quantities of maize than common beans. The quantities of maize
and beans produced by farmers in Baswagha (median of 50 kg for both crops) were
significantly lower than those in Bwisha and Bwito. The quantities of maize produced in
both Bwisha and Bwito were not significantly different, with a median of 240 kg and 220 kg,
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respectively. However, the quantity of beans produced by a farmer in Bwisha (median of
150 kg) was significantly higher than that of Bwito (100 kg) (Figure 2).
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on the Kruskal–Wallis test; n is the number of respondents; Med is the median value in each chiefdom; and rank is the rank
calculated in the Kruskal–Wallis test. Few outliers not shown, mainly in Bwisha.

3.3. Grain Storage and Challenges

Across the three chiefdoms, the majority of farmers (80.8%) stored grain. Among
the 19.2% of respondents who did not store grain, 47.6% said the main reason was low
production (Table 3). Beans were stored by the majority (80.1%) of farmers (Table 3). The
quantity of grain stored varied among chiefdoms (Table 3).

Farmers in Bwisha stored significantly (p < 0.05) more maize (median 200 kg) and
beans (median 120 kg) than those in Baswagha (median 40 kg for maize and 30 kg for
beans) and Bwito (median 60 kg for maize and 50 kg for beans) chiefdoms (Table 3). The
proportions of total quantity stored over total quantity produced for beans and maize were,
respectively, 62% and 45% for Baswagha, 70% and 100% for Bwisha, and 41% and 40% for
Bwito. Part of the grain produced was sold at harvest to meet the immediate cash needs of
the HHs and the rest was stored for home consumption and or later sale. The proportions
of total quantity consumed over total quantity stored for bean and maize were, respectively,
100% and 97.5% for Baswagha, 83.3% and 60% for Bwisha, and 80% and 83.3% for Bwito.
Farmers in these chiefdoms stored grain primarily for HH consumption.
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Table 3. Storage practices and challenges faced by farmers in Baswagha, Bwisha, and Bwito chiefdoms of the North Kivu
province, D. R. Congo.

Variable Category
Baswagha Bwisha Bwito Total

Percentage (Standard Error)

Main crop stored (%)
n = 220 n = 177 n = 172 n = 569

Beans 84.1 (2.5) 69.5 (3.4) 89.5 (2.3) 80.1 (1.7)
Maize 15.9 (2.5) 30.5 (3.4) 10.5 (2.3) 19.9 (1.7)

Reason to not store (%)

n = 51 n = 59 n = 11 n = 121
Good price at harvest 5.9 (3.3) 5.1 (2.8) 0.0 (0.00) 5.2 (2.07)

Insects 27.5 (6.2) 15.3 (4.7) 45.5 (14.8) 22.6 (3.8)
Need cash 0.0 (0.0) 47.5 (6.5) 9.1 (8.5) 22.7 (3.6)

Not enough production 62.7 (6.7) 32.2 (6.0) 45.5 (14.8) 47.6 (4.5)
Others 3.9 (2.7) 0.0 (0.0) 0.0 (0.0) 1.9 (1.32

Main storage
protection method (%)

n = 271 n = 236 n = 183 n = 690
Do nothing 82.3 (2.3) 52.5 (3.2) 44.3 (3.6) 66.0 (1.7)
Botanicals 6.3 (1.5) 21.6 (2.7) 47.5 (3.6) 17.8 (1.3)
Pesticides 9.2 (1.8) 24.6 (2.8) 6.0 (1.7) 14.3 (1.3)
Hermetic 2.2 (1.0) 1.3 (0.7) 2.2 (1.1) 1.9 (0.5)

Reason to not use
pesticides (%)

n = 252 n = 163 n = 126 n = 541
Not available 19 (2.5) 33.7 (3.7) 39.7 (4.3) 26.1 (1.9)

No information 29 (2.8) 26.4 (3.4) 11.9 (2.8) 26.0 (2.0)
Toxic 18.7 (2.4) 20.2 (3.1) 5.6 (2.0) 17.5 (1.7)

Not effective 12.3 (2.1) 3.1 (1.3) 32.5 (4.1) 12.0 (1.4)
Expensive 10.7 (1.9) 6.1 (1.9) 6.3 (2.1) 8.8 (1.3)

No insect problems 7.1 (1.6) 6.7 (2.0) 4.0 (1.7) 6.6 (1.1)
Not enough production 3.2 (1.1) 3.7 (1.5) 0.0 (0.0) 2.9 (0.8)

Most farmers stored their grain inside their house (91.1% in Baswagha, 92.4% in
Bwisha, and 93.4% in Bwito). Most farmers (>95%) in the three chiefdoms stored maize or
beans for less than six months. About two thirds (66.0%) of farmers did not protect their
grains during storage; with the highest number in Baswagha (Table 3). Insects were the
major challenge during maize and beans storage (Table 4). The importance of the other
sources of losses varied by crop and chiefdom. Farmers had rodent attacks on stored
maize (42.9% of respondents) than beans (18.6% of respondents). The use of botanicals
(plant parts and extracts) was the highest among farmers in Bwito (Table 3). Across
chiefdoms, a limited number of farmers (14.3%) used insecticides to protect their grain
during storage. Insecticides were mostly applied on beans by farmers in Bwisha (25.4%)
and Bwito (30.6%) (Table 4). About 52% of farmers noted that the limited use of insecticides
as grain protectants was due to unavailability and lack of information (Table 3).

3.4. Decision to Store and to Protect Grain during Storage

The model used to evaluate factors that influence the decision to store grain was
well fitted [LR test was significant (X2 = 17.96; df = 3; p = 0.0004/LR = −311.38; df = 4)].
Farmers’ decisions to store grain were influenced by the crop they grew (beans or maize).
Farmers who had contact with extension agents were more likely to store grain (ORs = 1.99,
p = 0.0008). The model to identify factors that influence the decision to protect grain during
storage was well fitted for beans (p = 0.0000) and maize (p = 0.0232) (Table 5). Farmers in
Bwisha and Bwito were more likely to protect their beans and maize (using botanicals,
pesticides, or airtight containers) than farmers in Baswagha (Table 5). Furthermore, farmers
who had contact with extension agents, and farmers who stored beans or maize for more
than three months, were more likely to protect their crop (Table 5).
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Table 4. Maize and beans storage duration and sources of losses on smallholder farms in Baswagha, Bwisha, and Bwito
chiefdoms of the North Kivu province, D. R. Congo.

Beans [% Respondents, (Standard Error)] Maize [% Respondents, (Standard Error)]

Variables Baswagha Bwisha Bwito Total Baswagha Bwisha Bwito Total

Storage duration n = 185 n = 123 n = 154 n = 462 n = 35 n = 54 n = 18 n = 107
<3 months 48.6 (3.7) 49.6 (4.4) 48.1 (4.0) 48.8 (2.4) 71.4 (7.6) 68.5 (6.3) 61.1 (11.3) 69 (4.4)
3–6 months 45.9 (3.6) 46.3 (4.4) 51.3 (4.0) 47.1 (2.4) 28.6 (7.6) 24.1 (5.8) 38.9 (11.3) 27.2 (4.5)
6–9 months 5.4 (1.6) 4.1 (1.8) 0.0 (0.0) 4.0 (1.0) 0.0 (0.0) 7.4 (3.5) 0.0 (0.0) 3.8 (1.8)
>9 months 0.0 (0.0) 0.0 (0.0) 0.6 (0.6) 0.1 (0.1) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

Source of losses a n = 185 n = 123 n = 154 n = 462 n = 35 n = 54 n = 18 n = 107
Insects 89.2 (2.3) 97.6 (1.4) 95.5 (1.7) 92.8 (1.3) 68.6 (7.8) 90.7 (3.9) 83.3 (8.6) 81.3 (3.9)

Rodents 25.4 (3.2) 11.4 (2.9) 11 (2.5) 18.6 (1.9) 51.4 (8.4) 37 (6.5) 38.9 (11.3) 42.9 (4.9)
Molds 34.1 (3.5) 4.9 (1.9) 7.8 (2.1) 20.6 (2.0) 14.3 (5.9) 0.0 (0.0) 22.2 (9.6) 7.7 (2.6)
Theft 4.3 (1.5) 2.4 (1.4) 1.9 (1.1) 3.3 (0.9) 5.7 (3.9) 1.9 (1.8) 0.0 (0.0) 3.2 (1.8)

Chemicals use b n = 271 n = 236 n = 183 n = 690 n = 271 n = 236 n = 183 n = 690
6.6 (1.5) 25.4 (2.8) 30.6 (3.4) 16.9 (1.4) 0.4 (0.4) 14 (2.2) 2.7 (1.2) 5.6 (0.8)

a Multiple choice questions; respondent may have picked more than one response. b Respondents who answered Yes for using chemicals to
control pests during storage.

Table 5. Factors influencing farmers’ decision to protect grain during storage in Baswagha, Bwisha, and Bwito chiefdoms of
the North Kivu province, D. R. Congo.

Variable
Beans a Maize b

OR c 95% CI d p Value OR 95% CI p Value

Chiefdom
Baswagha 1.0 (referent) 1.0 (referent)

Bwisha 5.4 [2.9–10.3] 0.000 13.4 [2.3–107.1] 0.007
Bwito 5.1 [3.1–8.6] 0.000 9.6 [1.3–88.3] 0.031

Household size 0.9 [0.9–1.0] 0.066 0.8 [0.6–1.0] 0.052

Contact with extension services?
No 1.0 (referent) 1.0 (referent)
Yes 2.0 [1.3–3.1] 0.002 1.1 [0.4–3.2] 0.913

Quantity produced (ln) 1.1 [0.8–1.5] 0.630 0.6 [0.2–1.2] 0.170

Quantity stored (ln) 1.1 [0.8–1.6] 0.486 1.2 [0.6–2.7] 0.565

Problems with insects during storage
No 1.0 (referent) 1.0 (referent)
Yes 1.5 [0.6–4.1] 0.382 0.4 [0.1–2.3] 0.309

Storage duration
Less than 3 months 1.0 (referent) 1.0 (referent)
More than 3 months 1.6 [1.0–2.5] 0.036 5.0 [1.3–25.3] 0.032

a Bean model Likelihood ration (LR) test: Chi− square
(

X2
)
= 91.81; degrees of freedom (df) = 8; p = 0.0000/ LR = −270.5839 (df = 9).

b Maize model LR test: X2 = 17.74; df = 8; p = 0.0232/LR = −49.30 (df = 9). c OR = odds ratio. d CI = confidence interval.

3.5. Decision to Store Bean and Maize Seed

Farmers stored seed to plant in the following season, but quantities differed by crop.
Most farmers in the three chiefdoms stored more bean than maize seed (Figure 2). All
farmers stored bean seed, but maize seed was most stored in Bwisha by 87.5% of respon-
dents (Table 6). The logistic regression showed that farmers in Bwisha and Bwito were
more likely to store bean and maize seed than farmers in Baswagha (Table 6). In addition,
farmers in Bwito stored significantly higher quantities of seed (median of 30 kg for beans
and 15 kg for maize) compared to farmers in Bwisha (median of 22 kg for beans and 8 kg for
maize) and Baswagha (median of 15 kg for beans and 5 kg for maize) (Figure 2). Declared
seed storage losses by farmers were higher on maize than on beans. Maize and bean seed
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weight losses were 50% and 31.5% in Baswagha, 35% and 15% in Bwisha, and 50% and 30%
in Bwito, respectively.

Table 6. Factors influencing farmers’ decision to store bean and maize seed in Baswagha, Bwisha, and Bwito chiefdoms of
the North Kivu province, D. R. Congo.

Farmers Who Kept Bean Seed % Mean (Standard Error) OR a 95% CI b p

Baswagha (nbean = 180; n maize = 44) 86.5 (2.35) 1.0 (referent)
Bwisha (nbean = 159; n maize = 147) 94.6 (1.72) 2.8 [1.3–6.3] 0.011

Bwito (nbean = 141; n maize = 57) 93.4 (1.99) 2.2 [1.1–4.9] 0.041

LR c test X2 = 8.7; d f = 2; p = 0.0127 LR = −154.1 (d f = 3)

Farmers who kept Maize seed % Mean (Standard Error) OR 95% CI p
Baswagha (nbean = 180; n maize = 44) 21.2 (2.82) 1.00 (referent)
Bwisha (nbean = 159; n maize = 147) 87.5 (2.53) 26.0 [15.1–47.0] 0.000

Bwito (nbean = 141; n maize = 57) 37.7 (3.88) 2.3 [1.4–3.6] 0.000

LR test X2 = 187.3; d f = 2; p = 0.0000 LR = −270.7 (d f = 3)
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.

3.6. Estimates of Return on Investment (ROI) Using Hermetic Bags

The use of airtight containers (hermetic methods), such as the PICS bags, is being
promoted in North Kivu by development partners including government and NGOs. We
estimated the ROI to assess the profitability of storing grain using PICS bags in the three
chiefdoms. The ROI after storing grain for six months in PICS bags varied by chiefdom
and crop (Table 7). Chiefdoms with the highest ROI (above 50%) were Bwisha for beans
(54%) and Baswagha for both maize (63%) and beans (51%) (Table 7).

Table 7. Estimated return on investment (ROI) when farmers store maize or beans for six months using a 100-kg PICS bag
in Baswagha, Bwisha, and Bwito chiefdoms of the North Kivu province, D. R. Congo.

Crop
Price (FC/100 kg) Amount (FC) %

Chiefdom Harvest Lean Season Gross Margin Price HS Bag a OCC b Net Gain ROI c

Baswagha Maize
(n = 35) 21,286 41,457 20,171 3000 2186 14,986 63

Beans
(n = 185)

39,741 68,081 28,341 3000 3847 21,494 51

Bwisha Maize
(n = 54)

18,185 30,333 12,148 3000 1907 7241 37

Beans
(n = 123)

37,398 64,187 26,789 3000 3636 20,153 54

Bwito Maize
(n = 18)

16,492 24,686 8194 3000 1754 3440 18

Beans
(n = 154)

35,574 54,839 19,265 3000 3472 12,794 37

a Price of a 100 kg hermetic storage (HS) bag in North Kivu (Congolese Francs, FC); as of August 31, 2016 (US $1 = 1000 FC). b OCC:
Opportunity cost of capital is estimated at 9% for 6 months (based on commercial bank interest rates on loans in 2016). c ROI: Return on
investments estimates are conservative because the cost is for one-season use (some HST bags can be used for 2 or 3 years).

4. Discussion
4.1. Cereal and Legume Crops Produced and Production

The results of this study confirm that beans and maize were the commonly cultivated
legume and cereal crops, respectively, across the three chiefdoms [26]. Beans were the
major grain cultivated followed by maize; a trend that has been maintained in North
Kivu since 2012 [15]. We also found that in Bwisha and Bwito farmers were growing
additional crops including soybean, sorghum, and peanut. Soybean was produced as a
limited alternative to beans and was mostly sold to buyers in local and export markets [27].
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Overall, crop production was low and may have been severely affected by conflicts. For
instance, prolonged conflict and insecurity in the Kivus affected the overall bean production
in the DRC, dropping from 180,000 tons in 1994 to 107,000 tons in 2002 (USAID, 2015).
Average production of 55 kg of beans per farmer registered in North and South Kivu in
2009 was reflective of the insecurity situation in eastern DRC [28]. This bean production
level is very similar to that of farmers in Baswagha but lower than that of farmers in Bwisha
and Bwito.

Crop production in North Kivu is generally low compared to DRC’s neighboring
countries. The average bean production per farmer in all three chiefdoms was lower than
that of a farmer in Burundi (254 kg) in 2012 [29]. Low bean production in North Kivu,
exacerbated by conflicts, was mainly due to the use of poor quality seed and limited
application of fertilizer [9]. The increase in bean production in Bwisha and Bwito from 2009
to 2016 may have been explained by the interventions of NGOs in the sector that provided
free inputs and technical assistance [9,30]. Maize production in North Kivu, especially in
Rutshuru, substantially decreased by about half during the insecurity periods; going from
300 kg to about 100 to 200 kg per smallholder farmer per season [31]. Maize production
under insecurity situations is similar to that observed in this study.

4.2. Postharvest Handling and Storage

Most important sources of loss during field drying varied among the three chiefdoms
and included theft, rotting, animal damage, and insect infestation. High rainfall com-
bined with low temperatures in the highlands provided the optimum environment for
mold growth. Mold development is common, especially when there is rain during field
drying [25]. Just as for farmers in many other developing countries, insects constituted
one of the major challenges during field drying [32]. We also observed that crop theft
was one of the more prevalent challenges during field drying in Bwisha and Bwito. Crop
theft incidences were pronounced in areas experiencing armed conflicts such as Rutshuru
territory [26]. Crop damage by livestock during field drying (e.g., maize and sorghum) was
common and the major source of friction and violence between herders and crop producers
in North Kivu [26,33,34].

Crop theft and damage by livestock often forced farmers to harvest their crops before
they fully matured or field drying is completed, leading to further losses. Drying is often
continued at the homestead, once grain is harvested. Crops are sun-dried on tarpaulins,
mats, thin layers of plastic, or on the ground. Issues of mold and pests are interconnected
as fungal contamination easily develop on grain damaged by insects, and farmers are often
unaware of good postharvest practices to mitigate them [35]. A recent study conducted
in South Kivu revealed that only 12% of farmers knew that proper drying of maize was
effective in reducing fungal contamination [36]. Disseminating efficient technologies, such
as the EasyDryM500, a portable dryer developed in Kenya, would help reduce losses
during drying [37]. This mobile dryer speeds up drying by reducing maize moisture
content from 20% to 13% in about three hours. Shortening the drying time using the
EasyDryM500 would minimize field drying and hence reduce losses due to mold, theft,
insects, and livestock.

Grain storage was important and played a significant role in all chiefdoms. Most
farmers (i.e., Rutshuru) stored a significant proportion of their production (30 to 60% for
maize) to ensure that they were food-secure between cropping seasons. These results are
corroborated by other studies that show about 60 to 70% of grain produced in North Kivu
was used for home consumption [9,11,31,38]. The fact that 91% and 21% of farmers stored
beans and maize, respectively, shows the importance of beans as a food security and cash
crop across the three chiefdoms. This may explain why interventions by development
partners heavily focused on beans.

Farmers faced numerous challenges during storage, mostly due to pests. A study con-
ducted in eastern DRC found that 68% of farmers were affected by postharvest losses [15].
This study, like several others, confirms that the biggest storage issues on smallholder farms
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were associated with insects and rodents [9,39]. Rodents appeared to be more prevalent
during maize than beans storage, and more pronounced in Baswagha than any other chief-
dom. Rodents have been reported as a serious pest of stored grain in Kisangani, Tshopo
province, DRC [40]. Molds during storage in Baswagha were the result of storing grain
that is not properly dried. There was minimal use of improved storage technologies in
eastern DRC to reduce losses due to insect pests [15]. Scaling-up the use of hermetic bags
that have been promoted in sub-Saharan Africa to more than seven million smallholder
farmers would help reduce storage losses due to insects in the North Kivu province [41].

Safe seed storage is key to farmers’ food security as the saved seed is the second
largest source of planting material for the next growing season in the DRC [42]. Farmers in
Baswagha were less likely to store seed than those in Bwisha and Bwito. When farmers
in Baswagha stored seed, the quantity was small, and losses were higher. Seed storage
losses were common on smallholder farms, and ranged from 25–95% in the Kasai province,
DRC [13]. Farmers in Baswagha relied more on local markets to purchase seed like those
in Katanga province [42]. Improved seed storage technologies would help to maintain
seed quality and minimize losses due to insects and high humidity [43,44]. Promoting
hermetic storage methods, including use of jerrycans, bottles, and hermetic bags, would
help farmers preserve seed quality during storage [45].

4.3. Farmers’ Decision to Store and to Protect Grain and Seed

Grain protection during storage varied markedly among the three chiefdoms. In
Baswagha, less than 20% of farmers took any action to protect their stored grains, while, in
Bwito and Bwisha, the likelihood to do so increased significantly (for about 50%), although
the protection strategies were different. Most farmers in Bwito and about half of those
in Bwisha used botanicals to protect stored grains; as some of these products are locally
available and have shown to be effective [1,17]. The use of inputs (i.e., pesticides and fertil-
izers) in the DRC is low due to several challenges including unavailability, ineffectiveness,
cost, lack of information, and limited knowledge on how to use them [38,40,46]. Extension
services are largely defunct except when supplied by development partners including
NGOs, donors, and projects [9]. Several projects introduced hermetic bags (e.g., PICS bags)
in DRC to address insect pests, but the adoption has been limited [15]. Contact with devel-
opment partners increased the likelihood of farmers to protect their grain during storage.
The fact that farmers who stored for longer were likely to protect their grains suggest that
improved storage technologies, such as hermetic bags (e.g., PICS bags, SuperGrainbags™,
etc.), would be attractive to these smallholder farmers [25,47]. The role of beans and maize
as food security and cash crops may explain why farmers in Bwisha and Bwito heavily
saved seed for planting the following season. Lower losses during seed storage in Bwisha
might be explained by farmers taking protection measures.

4.4. Estimates of Return on Investment (ROI) Using Hermetic Bags

Conflicts and market channel systems for grains affected farmers and crop produc-
tion [11,31]. In most developing countries, farmers sell their crops at harvest to meet
household needs [48]. In the lean season, grain prices increase, making household food
requirements hard to meet. Therefore, improving crop storage capabilities can effectively
strengthen food security and increase access to more lucrative markets [15,29]. Using
improved storage (e.g., hermetic bags) will likely provide an opportunity for economic
return regardless of the grain stored and the chiefdom. Maize and bean ROIs observed
in the three chiefdoms are similar to those obtained in eastern Kenya and in Lubumbashi
in the DRC [24,49]. Awareness building and trainings are needed to increase the use of
improved storage technologies among farmers and other actors along the maize and bean
value chains.
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5. Conclusions

Most studies conducted in the North Kivu province have focused on production
and market access with limited emphasis on postharvest. This study is one of the few
that provides insights into postharvest management practices of grain crops and seed,
and highlights farmers’ actual needs for future interventions to reduce losses. Maize
and beans are the major cereal and legume crops produced by farmers in Baswagha,
Bwisha, and Bwito. Maize and beans have several drying and storage challenges including
insects, rodents, animals, and theft. Overall, rotting was the major challenge during field
drying, particularly severe in Baswagha. However, theft was the most important challenge
during field drying in Bwisha and Bwito. Storage was severely hampered by low crop
production and insects. For most farmers who stored, over half of them did not protect their
stored stocks, hence increasing grains and seeds susceptibility to pest attacks. There is an
opportunity to introduce or scale-up improved postharvest technologies (e.g., EasyDry500
and hermetic bags) in the North Kivu province. Scaling up these technologies would
help to mitigate grain losses due to mold, theft, and insects during drying and storage.
This would provide smallholder farmers the opportunity to secure quality grain for home
consumption and sale, and seed for planting.
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