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Abstract

Effective post-harvest management of crops could significantly contribute to food security by improving the
availability and quality of food. In Burkina Faso, new concerns have emerged as a result of the growing
importance accorded to sesame (Sesamum indica), roselle (Hibiscus sabdariffa), "zamné" (Acacia macrostachya),
and sorghum (Sorghum bicolor). The insects identified as storage pests on these crops belong mainly to the
order Coleoptera and families of Chrysomelidae, Curculionidae and Bostrichidae are the most representative.
The studies carried out allowed a better knowledge of the pests as well as their economic importance. Losses
due to insects, estimated up to 100% depending on the crop and protection methods used, are frequently
observed after a few months of grain storage. Several alternatives to the use of chemicals including biological
control, biopesticides and hermetic storage are being promoted. The triple bagging technology is one of the
promising alternatives that can adapt to the post-harvest storage of a wide range of crops. Despite its proven
effectiveness for several commodities, there is need to verify its efficiency against a diversity of insect pests with
differing behaviour and evolution. The importance of the challenges is such that the strategies to be
implemented must be conceived in a comprehensive, integrated approach, even at the regional scale.
Keywords: Post-harvest concerns, Promising crop sectors, Grain beetles, Storage alternative methods, capacity
building, Burkina Faso, regional integrated strategies.

Introduction

Persistent food insecurity in sub-Saharan Africa is a complex and multifactorial phenomenon (FAO,
2017). While it is true that food insecurity is related to the inadequacy of agricultural production in
general, it is also important to recognize the role of inappropriate post-harvest management
practices. In 2011, post-harvest losses were estimated by FAO and the World Bank in sub-Saharan
Africa at around $ 4 billion a year for an estimated total annual production of $ 27 billion (World
Bank, NRl and FAQ, 2011). In addition, it is estimated that lost food could meet the minimum annual
needs of at least 48 million people.

In Burkina Faso, agriculture is booming with growing interest in some crop sectors. To overcome
food and nutritional insufficiency and reduce poverty, it is important to support the efforts made by
farmers and government policies to increase crop productivity through appropriate post-harvest
management strategies. The promising sectors mainly include food crops, legumes and/or oil crops,
which are increasingly considered as cash crops. For the most part, these crops are important for
food security of the majority of the population in the country and are an essential element of the
livelihoods of smallholders.

Sorghum (Sorghum bicolor (L.) Moench) is one of the most important cereals in the semi-arid tropics
providing a major source of dietary energy and protein for nearly a billion people living in semi-arid
areas (Belton and Taylor, 2004; Awika and Rooney, 2004). In Burkina Faso, sorghum serves as the
major staple food crop with a total annual production of 1,435,640 tons in 2015-2016 (INSD, 2016).
Burkina Faso is the third largest African producer of sorghum after Nigeria and Sudan (FAOSTAT,
2016). Cowpea (Vigna unguiculata L. Walp.) is the most widely grown legume in Burkina Faso. All the
parts of the plant are useful but the seeds, by their richness in proteins (23-30%), play an exceptional
role as food. Burkina Faso is the third largest African producer with a production of 571,304 tons in
2015-2016 (FAOSTAT, 2016). “Zamné” (Acacia macrostachya) is an example of a non-timber forest
product of food interest in Burkina Faso. The nutritional value of seeds makes them the foods of
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choice to produce nutritional improvement formulations (Hama-Ba et al., 2017). They contain
nutrients that are essential for human health (Sawadogo et al,, 2011). The increasing interest in this
wild legume is such that «<zamné» is used in the preparation of prestigious dishes served in
receptions of religious and customary ceremonies (Ganaba, 1997) where they are consumed in the
form of ragout and dishes associated with cereals. (Hama-Ba et al., 2017). In economic terms, seed
marketing generates substantial income for the rural population (Hagberg et al., 1996). Most of the
production comes from harvests in the wild, but the importance of the plant has allowed the
development of a research program to facilitate its wider domestication. Sesame (Sesamum indicum
L) is an oilseed crop grown in several countries around the world for its seeds that are traded
internationally (Amoukou et al., 2013). In Burkina Faso, sesame production has increased
significantly in recent years, from 25,060 tons in 2005-2006 to more than 321,837 tons in 2014-2015
(FAOSTAT, 2016). This places Burkina Faso among the top three sesame producing countries in
Africa after Sudan and Ethiopia and is the third largest agricultural export product after cotton and
peanut (INSD, 2016). Unfortunately, since that date, the sector has been experiencing difficulties
which are dropping production, which in 2016 was only 235,079 tons (INSD, 2016). In Burkina Faso,
peanut, (Arachis hypogeae) is both an important food crop and a cash crop. Peanut production is
becoming increasingly important with an average production increase of 9.7% compared to the
five-year average, which makes a total production of 365,887 tons of unshelled peanut in 2016
(FAOSTAT, 2016). In West Africa and particularly in Burkina Faso, Roselle (Hibiscus sabdariffa L.
Malvaceae) is receiving increasing attention as a crop with potential for making great socio-
economic impacts. The Sabdariffa variety, the most important one, is grown for the production of
calices, which are used in the preparation of Bissap, a high nutritional value and commercial drink
(Egharevba and Law-Ogbomo, 2007; Lepengue et al., 2007; Sanou et al., 2004; Babajide, 2004).

Despite theirimportance, the seeds of all the above mentioned plants face post-harvest storage and
management constraints, leading to variable post-harvest losses negatively impacting their
availability, accessibility, and income that could result from their commercialization. In this paper,
we focus on the problems, their causes, their impact and we will end up giving an overview of the
solutions that are currently available or expected.

Major storage insect pests and damage caused

Post-harvest losses are correlated with economic losses since grain quality is an important
determinant of market prices (Langyintuo et al., 2003). The above described crops are generally
producing grains that have in common to be attacked by several species of insect pests (Tab. 1). We
will describe for each of them the insects as well as the damages associated with the level of losses
when possible.

Sorghum

An inventory of insects associated with sorghum storage in Burkina Faso revealed that fourteen
species divided into eight families of Coleoptera and two families of Lepidoptera were recorded on
the sorghum stores (Waongo et al., 2015). The most representative families included Bostrichidae,
Silvanidae, Tenebrionidae, Cucujidae and Curculionidae. The Family Gelechiidae dominated the
Order Lepidoptera (Waongo et al., 2015). Rhyzopertha dominica (Bostrichidae), representing
39.53% of the total number of individuals collected was the more important species responsible for
the grain damage. Insects of the R. dominica species develop and feed on sorghum grains. This
biological activity results mainly in a loss in weight and a production of flour from perforated and
crushed grains (Waongo, 2016). After 6 months of storage in polypropylene bags, the perforated
grains are estimated to 11.73% for a total grain loss of 2.87% (Lankoandé, 2017).

Cowpea

Several species of the subfamily Bruchinae (Chrysomelidae), and specifically Callosobruchus
maculatus Fab., have been identified as insect pests of stored cowpeas in Burkina Faso (Ouédraogo
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et al., 1996, Sanon et al., 2005). The overlapping generations of flightless form C. maculatus during
cowpea post-harvest storage in West Africa are responsible of grain damage (Ouédraogo et al.,
1996). Infested seeds become increasingly hollow resulting in weight loss and perforation, adult
insect emergence holes at the end of larval growth. Previous studies have shown that farm storage
for six months was accompanied by 70% seed infestation and about 30% weight loss and virtually
unfit for consumption (Singh and Jackai, 1985).

Tab. 1. Summary information on the major insect pests and their damage in stored grains for crops under
consideration, Burkina Faso.

Crops Major insect pests Damage caused References
Sorghum (Sorghum bicolor  Rhyzopertha dominica Weight loss, crushed Waongo (2016)
L. Moench) Fabricius grain, flour Waongo et al. (2015)
Oryzaephilus mercator
Fauvel
Cryptolestes ferrugineus
Stephens
Sitophilus zeamais
Motschulsky
Sitotroga cerealella Olivier
Tribolium spp
Cowpea (Vigna unguiculata  Callosobruchus maculatus ~ Weight loss, seed Sanon et al. (2005)
L. Walp) Fab. perforation Ouédraogo et al.
Bruchidius atrolineatus (1996)
Pic.
Peanut (Arahis hypogeaeL.)  Caryedon serratus Olivier Peanut pod Ouédraogo et al.
Tribolium castaneum perforation, Aflatoxin ~ (2017)
Herbst
Oryzaephilus
surinamensis Linnaeus
Plodia interpunctella

Hubner
“Zamne” (Acacia  Bruchidius silaceus Weight loss and seed  Unpublished data
macrostachya  Reichenb.  Fahraeus perforation
ex.De.) Caryedon furcatus Anton

& Delobel Bruchidius spp
Sesame (Sesamum indicum  Ephestia cautella Walker Rancidity of seeds, Sanouetal.(2011)
L) Tribolium castaneum mycotoxins

Herbst

Tribolium confusum

Duval
Roselle (Hibiscus sabdariffa ~ Spermophagus niger Seed perforation and  Koussoube et al.
L) Motschulsky weight loss (2016)

Sanon et al. (2017)

Peanut

Sampling of peanut stores in the farm environment identified four families of insects (Ouédraogo
et al, 2017) including three families of Coleoptera, Tenebrionidae, Chrysomelidae, Silvanidae and a
family of Lepidoptera (Pyralidae). Among these insects, Caryedon serratus (Chrysomelidae,
Bruchinae) seems to be the predominant and the most damaging species to stored peanuts
(Ouédraogo et al., 2017). Monitoring peanut stores in several localities in western Burkina Faso
showed a variation in the level of infestation according to localities and a rapid increase during
storage. For example, in the locality of Toussiana, the rate of perforation of the peanut pods was
almost zero at the beginning of storage but this increased significantly during storage to 53.7, 81.8,
89.8 and 100% after 2, 3, 4 and 6 months of storage, respectively. Another consequence of peanut
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infestation by insects is the association of insect attacks with the production of aflatoxin, which
causes severe food poisoning.

The "zamné"

Recent studies of Acacia macrostachya grain storage have identified six insect pest species
belonging to three families, Chrysomelidae (Bruchinae), Tenebrionidae and Silvanidae. The last two
families contain mostly secondary pests. The subfamily Bruchinae, with 3 species, represents about
98% of insects collected in stores. These are Bruchidius silaceus, Bruchidius spp. and Caryedon
furcatus and responsible for the damage (Sanon, Personal observation). The main damage caused
by these pests to A. macrostachya includes weight loss and seed perforation.

Sesame

From the samples of sesame seeds collected from storage, two species of Coleoptera/Tenebrionidae
(Tribolium castaneum and T. confusum) and one species of Lepidoptera/Pyralidae, Ephestia cautella
were identified as storage pests (Sanou et al.,, 2011). The infestation of sesame during storage by
these insects causes a rancidity of the seeds rendering them unfit for human consumption. Insects
also cause the loss of germinability and promote the establishment and development of mycotoxins
(Sanou et al., 2011) whose consequences remain to be clarified.

Roselle

Spermophagus niger (Coleoptera: Chrysomelidae: Bruchinae) is the main pest of roselle seeds
stored in Burkina Faso (Koussoubé et al., 2016, Sanon et al., 2017a). Roselle infestations by S. niger
occur in the field at calyx maturity with an estimated infestation rate of 67% of the samples
examined. Like other Bruchinae, development takes place in the seeds and successively passes
through an egg stage, four larval stages and a pupal stage (Sanon et al., 2017a). At the beginning of
grain storage, infested seeds generally had only one insect emergence hole, with seed perforation
rates ranging from 1.8% to 4 % depending on their origin (Sanon et al., 2017a).

Insect control strategies during post-harvest storage

The need to protect grain during post-harvest storage is imperative to ensure the availability and
quality of food commodities that are limited resources. Increasingly, crops grown for export must
also meet post-harvest quality standards to compete in the international market. Although
synthetic insecticides have played a key role in post-harvest grain storage, their use by farmers is
nowadays criticized worldwide (Williamson et al., 2008). Furthermore, a survey of cowpea traders in
Burkina Faso found that 77% of the insecticides used were neither registered nor intended for food
preservation (Zongo et al., 2015). The consequences of inappropriate usages of chemicals include
health and environmental risks (Idrissi et al., 2010; Zongo et al., 2015), and sometimes induce
resistance in storage insect pests populations (Leontieva et al., 2006; Oyedemi et al., 2006; Opit et
al., 2012). To minimize the negative effects of chemicals, many studies have investigated some
components of integrated pest management with a view to developing alternatives to systematic
chemical control. In Burkina Faso, studies carried out on post-harvest storage of the crop sectors
considered in this paper can be grouped into three categories: biological control, botanicals, and
hermetic storage.

Biological control has often been considered at the experimental level without a method of
producing biological control agents and large-scale application being developed. Studies on the
biological control potential of the main cowpea pest, C. maculatus, have identified the parasitoid
Hymenoptera Dinarmus basalis Rond. (Pteromalidae) and Uscana lariophaga Stephan
(Trichogrammatidae) as the best biocontrol agents (Sanon et al., 1998; Amevoin et al., 2007) without
cost-effective methods of mass production of these biocontrol agents being available. The recent
discovery of four (4) families of Parasitoids, Eulophidae, Pteromalidae, Eupelmidae and Eurytomidae
associated with Bruchinae pests of A. macrostachya (Personal communication) opens interesting
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perspectives of research on the possibilities of biological control of these insects. Although an
important component of integrated pest management, success stories of biological control under
stored food conditions are rare.

The use of botanicals is by far the most explored field of research in Burkina Faso. The data collected
mainly concern cowpeas and peanuts. In Burkina Faso, since the early 2000s, several scientific
investigations have focused on the control of C. maculatus using botanicals considered as
promising and safe alternatives to chemicals (Sanon et al., 2017b). Extensive studies were carried
out on six (6) plant species from three families including Capparaceae, Lamiaceae and
Verbenanceae, through bioassays on C maculatus and cowpea storage trials. The set of data
analyzed shows that several plants materials, including powders, crushed plants and essential oils
(EO) were active against eggs, larvae and adults of C. maculatus, through dose-dependent mortality
responses. However, EO extracted from native aromatic plants have yielded the most promising
results, specifically EO from Ocimum canum (Lamiaceae) appeared as the best candidate control
agent (Sanon et al., 2017). With regard to peanuts, Ouédraogo et al (2016) also tested several
essential oils on eggs and adults of C. serratus. The results also showed a variable dose dependent
biological activity depending on the origin of the essential oil. The current stage of research on
essential oils is the conduct of toxicity tests towards humans and animals and the optimization of
their use in storage conditions. For example, it is envisaged to have the essential oils carried by
supports which would facilitate the treatment and improve the remanence (llboudo et al., 2015).

Hermetic storage is an old technique but more recently revalorized through triple bagging
technology, known as PICS bags (www.ag.purdue.edu/ipia/pics). Since previous research of Sanon
et al. (2011) who validated the effectiveness of a triple bag prototype in post-harvest storage of
cowpeas in Burkina Faso, the effectiveness of triple bagging has been demonstrated for many
commodities in Africa and around the world. Grains that are effectively preserved with triple
bagging include other legumes such as bambara groundnut, peanut or pigeon pea (Baoua et al.,
2014a; Sudini et al., 2015; Vales et al., 2014) cereals such as maize, rice, sorghum, wheat (Njoroge et
al., 2014; Williams et al., 2017; Martin et al., 2015; Baoua et al., 2014b, 2016; Lankoandé, 2017); roselle
seeds (Amadou et al., 2016). Promising crop sectors such as sesame and “«<zamné»” have been the
subject of very few studies regarding post-harvest management strategies. Moreover, recently, the
use of insecticides on sesame above the maximum residue limits has resulted in seizures and
destruction of export grains from Burkina Faso (Personal Communication), anything that calls for
greater vigilance in the production and post-harvest management of this important cash crop. In
the meantime, advice is provided to producers who also have the opportunity to use or experiment
with airtight containers such as PICS bags.

Prospects of future research

Post-harvest issues are a global concern. Limiting post-harvest losses throughout the food chain
must be an important part of food strategies to achieve food and nutrition security. In addition,
effective post-harvest management, limiting losses and improving the quality of food, can help
reduce poverty through increased incomes. The diversity and the multitude of the species of insect
pests of grains in the described crop sectors highlights the predominant role of this taxonomic
group in the occurrence of losses in post-harvest. That is why it is crucial to find the most appropriate
solutions while minimizing the use of chemicals. Concerns about crop sectors such as sesame,
roselle and «<zamné» are relatively new and deserve rapid action to address them. The components
of IPM already tested on other models could also be extended to these emerging sectors. In view of
the proven effectiveness of triple bagging for the preservation of several grain commodities, this
technology should be quickly tested and validated for the above mentioned sectors. However, the
different insects identified have different ecological and biological requirements, which necessarily
involve a permanent evaluation of the technology vis-a-vis the targets for efficient and sustainable
post-harvest management. Any control strategy, to be effective, should be part of a comprehensive
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integrated pest management approach based on the natural potential offered at national and
regional levels.
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