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ABSTRACT: Moringa oleifera leaves production in Burkina Faso is severely affected by insect pests, which considerably reduce
the yield. This study aimed to obtain more information on producers’ knowledge of Moringa insect pest management. Data
were collected using an interview questionnaire from 120 randomly selected Moringa growers in 16 localities of Burkina Faso,
from July to October 2021. Data collected included producers’ socio-demographic characteristics, area of the fields, production
objectives, production constraints, foliar insect pests and control methods. The results showed that 61.67% of Moringa
producers are men and the leaves are the most produced with 80% of citation rate. According to 72.50% of producers, Insect
pests are the primary constraint to Moringa production. To control these insect pests 67.5% of surveyed affirmed that they use
bioinsecticides. Azadiractica indica, with a 50.86% citation rate is the plant most commonly used to manage insect pests The
chi2 test showed that the methods of control of foliar insect pests were related to the production objectives (chi2 = 21.02, ddI
= 8, p <0.01). The biplot of the multiple component analysis showed that leaf production goes hand in hand with using
bioinsecticides, and the seed producers use synthetic chemicals and bioinsecticides to control insect pests. To improve yields,
integrated pest management methods must be developed to promote sustainable production of Moringa leaves in Burkina
Faso.
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1 INTRODUCTION

Moringa oleifera (Lam.) (Moringaceae), commonly known as Moringa, is a woody species native to Asia [1], [2], [3] which is now
widespread throughout the world [3]. This shrub can reach 7 to 8 meters high [3] with alternate leaves, tripinnate at the base and bipinnate
at the top. The flowers are creamy white. The fruits are in the form of elongated pods with three dehiscing valves [3].

The species has many virtues in medicine, diet, and environment. For example, the leaf is very rich in proteins and minerals and is
increasingly used in several projects to fight against malnutrition [4], [5], [6]. According to [7], consumption of 100 g of Moringa fresh leaves
can provide between 30 and 100% of the recommended daily value for calcium and 100% of the recommended daily value for vitamins A
and C. Moreover, the plant adapted to different environments and reproduces easily by cuttings and seeds [7]. The sale of the various parts
of the tree constitutes a source of financial income for the sector actors [8], [9].

In Burkina Faso, M. oleifera is cultivated throughout the country by men, women and youth, mostly organized in associations [10].
However, the yields are limited because of insect pest actions such as caterpillars, crickets and grasshoppers [11], [12]. The damage caused
is significant [13] causing financial losses for producers [14]. To contribute to the development of this sector, it is imperative to develop
effective control methods against these pests. This first requires knowledge of the control methods used by local producers. Very few studies
have focused on these local methods of controlling foliar pests of Moringa, so the literature is almost non-existent.

Thus, this study aims to obtain more information on Moringa production and producers' knowledge regarding Moringa pest
control. This will promote good pest management and sustainable leaf production for the health of consumers.
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11 STUDY SITES

The study was conducted in Burkina Faso in 16 localities belonging to 8 administrative regions which are Centre, Centre-Nord, Centre-
Est, Plateau Central, Est, Hauts-Bassins, Nord and Sahel (figure 1). The chosen sites were characterized by a dry tropical climate of the Sudano-
Sahelian type with significant rainfall variations [15]. In the north of the country, and the Sahel rainfall is low and temperatures vary between
15° and 45°. In the south, rainfall is more frequent and temperatures are a little lower.
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Fig. 1. Study sites
1.2 SAMPLING

An exploratory survey was conducted in July 2020 on thirty (30) Moringa producers. The size of producers to surveyed was determined
based on [16] formula which is:

Pi (1-Pi)
N= e Hag/2

Where: N: total number of Moringa farmers to be surveyed (sample); Pi was determined from the survey and represents the proportion
of producers who answered yes to the question "Have you ever observed Moringa leaf attacks in your field?"; p? 1.2 = 1.96 represents the

value of the normal random variable for a risk a equal to 0.05.

The expected margin of error d for any parameter to be estimated from the survey was 5%. According to this formula, the size of the
study was estimated at 120 producers (table 1).
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Table 1.  Distribution of surveyed

Survey location Administrative region Number of surveyed
Zongo 9
Kalzi 9
- Centre
Loumbila 9
Ouagadougou 9
Zabré 9
Zigla Centre-Est 8
Bourra 8
Kaya 10
- Y Centre-Nord
Yilo 18
Diapaga 3
bag Est
Fada 3
Kouakoualé . 6
Hauts-Bassins
Toukoro 6
Ouahigouya Nord 4
Ziniaré Plateau Central 7
Dori Sahel 2
Total 120

13 DATA COLLECTION AND PROCESSING

A semi-structured questionnaire was used for individual interviews. The data collected were the socio-demographic characteristics of
producers, the field characteristics, the production objective, the production constraints, the foliar insect pests and the control methods
used. The data were collected from 1st July to 30th October, 2021. The producers surveyed were randomly chosen between the members
of the West African Network of Researchers in the Field of Natural Substances (WANNPRES) in Burkina Faso. This network includes
researchers and associations of Moringa producers and is represented in the 13 regions of the country by representatives called regional
focal points. It's through these focal points, that producers were identified and surveyed according to their availability.

14 DATA ANALYSIS

The statistical analysis was carried out using R software (4.1.1). It consisted of the descriptive analysis of the data and the calculation of
the percentage of the categorical variables. The chi2 test was used to search for an association between the control methods used against
insect pests and some variables of the study. The level probability was set at 5%. A biplot of component analysis was used to explore the
relation between the control method and production objectives.

2 RESULTS AND DISCUSSION
2.1 S0CI0-DEMOGRAPHIC CHARACTERISTICS OF THE PRODUCERS SURVEYED AND AREA OF FIELDS

The result revealed that the average age of the farmers was 46.48 + 0.91 years old. Men are the most numerous Moringa growers, with
61.67% rate of citation. However, women farmers dominate production in the Centre (92%), Est (67%) and Plateau Central (57%) regions.
Respectively 54%, 36% and 10% of Moringa growers were enrolled in school, not in school and had attended a literacy program. Some
producers are agrobusinessmen, while others are simply occasional producers. The average cultivated area was 0.83 + 0.96 ha. The most
important number of Moringa producers experience is found in the interval of 0 to 5 years and 72% of respondents grow Moringa in
association with other crops (Table 2).
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Table 2. Characteristics surveyed and their farms

Centre Centre-Est  Centre-Nord Nord Hauts-Bassins ~ Nord  Plateau-Central  Sahel Total
Socio-demographic characteristics of the producers
Age (Standarderror)  46.86(0.33) 45.80(0.26) 4832(041) 43.00(148) 44.08(052) 4350(3.5) 47.86(1.05) 48(4.95) 46.48(0.91)
Sex
Women 33(92%) 0(0%) 1(3.6%) 4(67%) 3(25%) 1(25%) 4(57%) 0(0%) 46(38.33%)
Men 3(8.3%) 25 (100%) 27 (96%) 2(33%) 9(75%) 3(75%) 3 (43%) 2(100%) 74 (61.67%)
Education
Literate 4(11%) 8(32%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 12 (10%)
Not in school 25 (69%) 7 (28%) 5 (18%) 2(33%) 0(0%) 1(25%) 3 (43%) 0(0%) 43 (36%)
Primary 1(2.8%) 6 (24%) 17 (61%) 0(0%) 3(25%) 0(0%) 3(43%) 0(0%) 30(25%)
Secondary 4(11%) 4(16%) 6 (21%) 4(67%) 3(25%) 1(25%) 1(14%) 1(50%) 24 (20%)
University 2(5.6%) 0(0%) 0(0%) 0(0%) 6 (50%) 2 (50%) 0(0%) 1(50%) 11(9%)
Principal occupation
Farmer 16 (44%) 25 (100%) 22 (79%) 3(50%) 3(25%) 1(25%) 4(57%) 1(50%) 75 (62%)
No farmer 20 (56%) 0(0%) 6 (21%) 3 (50%) 9 (75%) 3 (75%) 3(43%) 1(50%) 45(38%)
Type of producer
Agro businessman 17 (47%) 14 (56%) 2(7.1%) 1(17%) 8(67%) 2 (50%) 7 (100%) 1(50%) 52(43%)
Simple producer 19(53%) 11 (44%) 26 (93%) 5 (83%) 4(33%) 2 (50%) 0(0%) 1(50%) 68(57%)
Experience (years)
>10 6(17%) 5 (20%) 4(14%) 3(50%) 2(17%) 1(25%) 0(0%) 0(0%) 25(21%)
0-5 21(67%) 5 (20%) 21(75%) 1(17%) 1(8.3%) 2 (50%) 6 (86%) 2(100%) 59 (49%)
5-10 5(17%) 15 (60%) 3(11%) 2(33%) 9(75%) 1(25%) 1(14%) 0(0%) 36(30%)
Farms characteristics
Area of the field (ha) 097(003) 063(002) 046(001) 0.50(0.04) 171(0.11) 1.38(044) 079(0.03) 0.75(0.17) 0,83(0.96)
Growing system
Association 33(92%) 22 (88%) 6 (21%) 6 (100%) 8(67%) 3(75%) 6 (86%) 2(100%) 86 (72%)
Monoculture 3(8.3%) 3 (12%) 22 (79%) 0(0%) 4(33%) 1(25%) 1(14%) 0(0%) 34(28%)

2.2 PRODUCTION OBJECTIVES

Moringa is cultivated for the leaves, the seeds, or both (Figure 2). The leaf is produced by 80% of surveyed (52.50% of simple producers
and 27.50% of agro businessman). As for the combined production of leaf and seed, it is carried out by 17.50% of the surveyed (12.50% of
agro businessmen and 2.59% of simple producers). The production of seeds concerned only 2.50% of agro businessmen.

TTyvpe of producers
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Fig. 2. Moringa production objectives by producer types
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23 IMORINGA PRODUCTION CONSTRAINTS ACCORDING TO PRODUCERS

Insect pests, cryptogamic diseases and lack of seeds were the major constraints identified by Moringa producers. Between these

constraints, insect pests were cited by 72.50% of surveyed followed by fungal disease and lack of seed respectively with 10% and 6.67% of
citation rates.

Table 3. Constraints of Moringa production according to the type of producers

Constraints Simples producers (%) Agrobusinessmen (%) Total (%)
Insect pests 4417 28.33 72.50
Fungal diseases 2.50 7.50 10.00
Lack of seeds 417 2.50 6.67
Insect pests and spiders 2.50 0.83 3.33
Insect pests and fungal diseases 0.00 2.50 2.50
Lack of seed and insect pests 2.50 0.00 2.50
Lack of seed, insect pests and fungal disease 1.67 0.83 2.50

24 CoNTROL METHODS FOR IMIORINGA INSECT PESTS MIANAGEMENT

Several methods were adopted by Moringa producers to control insect pest attacks (figure 3). These methods are either used alone or
in combination. Among them, bioinsecticides were cited as the most used method (67.50%), followed by synthetic chemical insecticides
(20,83%). Some producers combine bioinsecticides with silvicultural methods such as pruning of plants (7.5%). The use of silvicultural
methods was the lowest method cited by producers (0.88%).

Sylvicultural pratice
Bioinsecticide and chemical
insecticides
Bioinsecticide and sylvicultural
method

Control method

s

Chemical insecticides

Bioinsecticide only

0 10 20 30 40 50 60 70 80
Surveyed (%)

Fig. 3. Control methods of Moringa foliar insect pests

25 RELATION BETWEEN CONTROL IMETHOD AND THE OTHER VARIABLES

Table 4 shows that the control method used by producers is only dependent on the production objectives (chi? = 22.88, p <0.01).
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Table 4. Relation between the control method and other variables

Dependent variable Independent variable ddi Khi? p-value N
Type of producer 4 2.45 0,65 120
Sex of producer 4 241 0.66 120
Area of the field 4 3.53 0.47 120
Control method Growing system 4 3.48 0.47 120
Experience 8 12.97 0.94 120
Production objectives 8 22.88 <0.01** 120
Education 16 21.02 0.18 120

**:0.0001<p=<0.01;

The component analysis (CA) of the biplot between the control method and production objectives showed that dim1 (86.3%) and dim2
(13.7%) represent 100% of the variability (Figure 4). The biplot analysis shows that growers who produce leaves alone or in combination with
seeds mainly use bioinsecticides and silvicultural methods, while those who produce seeds alone mainly use chemicals and bioinsecticides
in insect pest control.
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Fig. 4. CA-Biplot between control method and production objectives
2.6 PLANT SPECIES USED TO CONTROL LEAVES INSECT PESTS
A total of 14 plant species belonging to 12 families were cited by the producers as bioinsecticide plants (Table 5). Among these species,
Azadirachta indica (A.) Juss is used by 50.86% of producers followed by Carica papaya L. and Capsicum annuum L. (12.83%). Species like

Eucalyptus camadulensis Dehnh, Vernonia colorata (Wild.), Cymbopogon citratus (DC.), Zingiber officinale Roscoe, and Allium sativum L.
were each cited by 0.86% of the producers (Table 5).
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Table 5. Plants species using as bioinsecticides

Usual name Local name Scientific name Family Surveyed (%)
Neem tree Nim (Mooré) Azadirachta indica (A.) Juss Meliaceae 50.86
Pepper Kiparé (Mooré) Capsicum annuum L. Solanaceae 12.83
Pawpaw Papay (Mooré) Carica papaya L. Caricaceae 12.93
Desert date tree Kyegelega (Mooré) Balanites aegyptiaca (L.) Del. Balanitaceae 6.3
Cailcedrat Kuka (Mooré) Khaya senegalensis (Desr.) A. Juss Meliaceae 3.45
Moringa Arzantiga (Mooré) Moringa oleifera Lam. Moringaceae 2.59
Tobacco Taba (Mooré) Nicotiana tabacum L. Solanaceae 2.59
Calotropis Putrupuga (Mooré) Calotropis procera Apocynaceae 2.59
Cassia Cassia (Frangais) Senna siamea Lam. Fabaceae 1.72
Eucalyptus Eucalyptus (Frangais) Eucalyptus camadulensis Dehnh Myrtaceae 0.86
Vernonia koa safan vaado (Mooré) Vernonia colorata (Wild.) Drake Asteraceae 0.86
Citronnella Sitronel (Mooré) Cymbopogon citratus (DC.) Stapf, 1906 Poaceae 0.86
Ginger Yamaku (Mooré) Zingiber officinale Roscoe Zingiberaceae 0.86
Garlic Ley (Mooré) Allium sativum L. Liliaceae 0.86

2.7 CHEMICALS USED IN THE FOLIAR INSECT PESTS CONTROL

Investigations have hinted that some growers used chemical insecticides to control leaves insect pests of Moringa. Among the synthetic
chemical insecticides identified, Decis (Deltamethrin 100 g/I) was the most cited (58%), followed by Dursban (Chlorpyrifos-ethyl 450 g/I) with
a rate of 29 %, and Almectin (Emamectin benzoate 20 g/I) with a 13% of producers (figure 5).

Almectin (Emamectin benzoate 20g/1)

Dursban (Chlorpyriphos-ethvl 4502/1)

Decis (Deltam ethrin 100g/1)

Chemical insecticide

0 10 20 30 40 50 60 70

Surveved (%)

Fig. 5. Synthetic chemical insecticide used by Moringa producers

3 DiscussiON

Moringa men producers were more important than women. The high rate of men could be explained by the difficulties in accessing land
for women. Generally, land belongs to men, and women are then forced to rent it to do their agricultural activities [17]. In addition, the
Moringa is perceived as a cash crop which leads to a strong involvement of men in this culture. For example, in Niger, women are generally
responsible for collecting and selling the leaves in the markets [18]. However, in the administrative region of Centre, the rate of women
growing Moringa is higher than that of men. These results could be explained by the fact that in this region, there are many associations of
women vegetable producers compared to other regions. By producing vegetable crops, they usually combine moringa cultivation.

The survey results also showed that the larger part of Moringa producers had leaves as their objective. This result could be explained by
the fact that actually people know the virtues of Moringa leaves. It demands increases and the sale of fresh or processed Moringa leaves
constitutes a source of currency for producers. According to [14], Moringa leaves powder is one of the most sold Moringa products. The low
seed producers can be due to the exigence of cultivation that requires large areas of farms [7]. Moreover, the virtues of the seeds are little
known by the populations which use them very rarely.

Insect pests, cryptogamic diseases, and lack of seeds were the constraints of production listed by Moringa producers. Among these
constraints, insect pests have been cited as the main constraint to Moringa cultivation. These results corroborate those of [13] in Niger and
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[12] in Burkina Faso. All of these authors have shown that Moringa leaves are attacked by phytophagous insects which devastate the leaves
produced.

The fungal diseases in Moringa were reported by [19] who identified 24 species of fungi on Moringa leaves in the Philippines. [20]
identified 3 species of fungi responsible for the dieback of Moringa plants in Niamey region (Niger). In Ghana [7] reported the presence of
certain fungi such as Cercospora spp, Septoria lycopersici var. malagutii. and Alternaria solani Sorauer. These organisms cause the yellowing
of the leaves or the appearance of angular black-brown spots with concentric circles on the leaves and sometimes on the branches, which
eventually die.

The producers reported also a lack of good-quality seeds. This result can be explained by the fact that few structures-are marketing
Moringa seeds. The kilogram of Moringa seeds is sold at 18 000FCFA (around 27.61 Euro) at the Centre National de Semences Forestieres
(CNSF). Thus, this price is expensive for small farmers who prefer to acquire seeds from other farmers. These seeds are not always saved in
good condition or can be parasitized by fungi. This can reduce the rate of germination or plant wilting when the seedlings emerge.

As stated by the producers, the majority of insect pests belong to the orders of Lepidoptera (caterpillars), Orthoptera (locusts) and
Hemiptera. These results confirm the study of [12] on the diversity of pests from Moringa leaves in Burkina Faso which found the same
orders of insect pests on Moringa. Caterpillars and locusts have grinding mouthparts that allow them to cut, tear and chew solid food [21].
These insects eat the leaves and buds of young plants of Moringa leading them to dry out and then die if no action is taken. According to
[22], caterpillars can cause 100% defoliation of Moringa plants depending on the season. Insects of Hemiptera order, with their sucking
mouthparts, puncture the sap of plants and can transmit phytoviruses to them [23]. This reduces yields and the quality of the leaves
produced. Spiders were also cited in the survey. Though they are strict predators and feed on insects [24], they build their webs around the
Moringa leaves, which change color, dry out and fall off [11].

To control foliar insect pests from Moringa, the majority of producers use bioinsecticides. The use of bioinsecticides is related to the
objective of leaf production. This result can be explained by the fact that most producers pursue the international market for the sale of their
production, especially the leaves. Thus, some of these producers are looking for or already have certification standards, which forces them
to use good farming practices. Also, producers emphasize plant-based insecticides to minimize the risks of toxicity that could arise from the
use of synthetic chemical insecticides. However, some producers use synthetic chemical insecticides. This use could be explained by the slow
effect of bioinsecticides, their low persistence and their very reduced spectrum of action [25].

Producers also use silvicultural practices that consist of pruning plants. Pruning eliminates the food substrate for insects, which
can limit the spread of pests [26], [27], [28]. According to these authors, pruning plants not only helps to control insect pests but also increases
plant vigor and the number of leaves produced.

According, to the survey, bioinsecticides were prepared using plant extract. The use of plant extract in crop protection is an ancestral
practice [29], [30]. Many plants are indeed known and used for their biocidal activities (toxic, repellent, anti-feedant) against a wide range of
bioaggressors [31], [32]. Among these species mentioned, A.indica is the most used for the preparation of bioinsecticides. The insecticidal
effect of A.indica had already been demonstrated in previous work [33], [34]. A. indica extract contains azadirachtin [34], [35] having a
repellent [36] or larvicidal [37] effect on a wide range of crop pest insects. In addition, the use of bioinsecticides is advantageous because
they contain natural active molecules (nimbidine, solanine, deacetylazadirchtinol and meliantriol) that have the property of disrupting the
morphogenesis and embryonic development of insects [38].

On the other side, regarding all these practices to control Moringa leaf pests, it appears that producers practiced Integrated pest
management to improve their production, and to reach the international and local market. By using IPM and less toxic chemicals for the
cultivation of Moringa, the farmers reduce the massive use of pesticides in their production. In the same way [39] said that IPM aims to
reduce environmental harmful pesticides by using less toxic chemical-approved products. The Sahelian pesticide committee authorized
all chemical insecticides used by Moringa producers [40]. This shows that the producers respect the production standards to give value to
their product. An integrated fight incorporating recommended doses of chemicals makes it possible to fight pests effectively and pollute the
environment less. This method of pest management can lead to sustainable production of Moringa leaves and seeds.

4 CONCLUSION

The study showed that Moringa production is mainly confronted with the action of foliar insect pests. To face it, the producers use mainly
bioinsecticides prepared from several species of plants among which Azadirachta indica was the most cited. Thus, for a healthy and
sustainable production of Moringa leaves and seeds, it would be desirable to consider an integrated pest management method. It must take
into account the use of plant extracts, the sylvicultural methods and some approved synthetic chemical insecticides at recommended doses.

ISSN : 2028-9324 Vol. 38 No. 3, Jan. 2023 623



Farmers’ knowledge on Moringa leaves pests control in Burkina Faso

CONFLICTS OF INTEREST

The authors declare no conflicts of interest regarding the publication of this paper.

ACKNOWLEDGMENT

The authors acknowledge the participation of moringa producers from the WANNPRES Burkina Faso network who kindly took part in
this survey.

REFERENCES

(1]
(2]

(3]
(4]

(5]
(6]
(7]
(8]
9]
(10]
(1]

(12]

(13]

(14]

(15]
(16]
(17]
(18]
(19]

[20]
(21]

(22]

(23]

M. E. Olson, “Combining Data from DNA Sequences and Morphology for a Phylogeny of Moringaceae (Brassicales),” Syst. Bot.
(2002), vol. 27, no. 1, pp. 55-73, 2002.

K. Gandji, F. J. Chadare, R. Idohou, V. K. Salako, and A. E. Assogbadjo, “Status and utilization of Moringa oleifera Lam : a review,”
African Crop Sci. Journal, vol. 26, no. 1, pp. 137-156, 2018.

M. Arbonnier, Arbres arbustes et lianes des zones séches d’Afrique de I'Ouest, 3éme ed. r. 2009.

W. Atapkama et al., “Moringa oleifera Lamarck (MORINGACEAE) : une ressource phylogénétique a usage multiple,” Rev. Cames,
Sci. la vie, la terre Agron., vol. 02, pp. 6-15, 2014.

H. Millogo-Koné, B. F. Kini, Z. Yougbaré, M. B. Yaro, and M. Sawadogo, “Etudes de la phytochimie et de I'activité antimicrobienne
in vitro des feuilles de Moringa oleifera (Moringaceae).,” Pharmacopée médecine Tradit. africaine, p. 16, 2012.

U. Zongo, S. L. Zoungrana, A. Savadogo, and A. S. Traoré, “Nutritional and Clinical Rehabilitation of Severely Malnourished Children
with Moringa oleifera Lam. leaf Powder in Ouagadougou (Burkina Faso),” Food Nutr. Sci., vol. 4, pp. 991-997, 2013, [Online].
Available: http://www.scirp.org/journal/fns.

A. De Saint Sauveur and M. Broin, “Produire et transformer les feuilles de Moringa,” Ghana, pp. 1-36, 2010.

H. Djibo, B. Karimou, and A. S. Koroney, “La culture du Moringa oleifera, un outil de développement local : cas de la Commune
rurale de Liboré/Niger,” Rev. des études multisectorielles en Sci. économiques Soc., vol. 5, pp. 55-68, 2017.

T. A. Abasse, A. Gouzayé, L. Woltering, and D. Pasternak, “The role of indigenous leafy vegetables on daily diet and rural and urban
economy of Niger,” Acta Hortic. -, vol. 752, pp. 35-40, 2007.

M. C. E. Dao, J. Sanou, and S. Pare, “Maraichage urbain et semi-urbain de Moringa oleifera Lam. par des associations de femmes
au Burkina Faso : contraintes et opportunités,” La Rev. électronique en Sci. de I'environnement, vol. 16, no. 1, pp. 1-20, 2016.

M. C. E. Dao, M. Traore, S. Pare, D. B. Ouedraogo, and S. Ouedraogo, “Ravageurs des planches maraicheres de Moringa oleifera
dans la région du centre (Burkina Faso),” J. Anim. Plant Sci., vol. 25, no. 2, pp. 3857-3869, 2015.

S. Kabré, M. C. E. Dao, B. F. Bazié, M. Traoré, and O. Gnankiné, “Diversité des insectes ravageurs foliaires de Moringa oleifera
(Moringaceae) dans les zones climatiques Nord et Sud soudaniennes du Burkina Faso,” REV. RAMRES, Sci. la vie, la terre Agron.,
vol. 08, no. 2, pp. 114-120, 2020.

A. Ratnadass, O. Zakari-Moussa, H. Salha, J. Minet, and A. S. Seyfoulaye, “Noorda blitealis Walker, un ravageur majeur du Moringa
au Niger ( Lepidoptera, Crambidae ),” Bull. la Société Entomol. Fr., vol. 116, no. 4, pp. 401-404, 2011.

A. Satti, O. E. H. Nasr, A. Fadelmula, and F. E. Ali, “New record and preliminary bio-ecological studies of the leaf caterpillar, Noorda
blitealis Walker (Lepidoptera: Pyralidae) in Sudan,” Int. J. Sci. Nat., vol. 4, no. January, pp. 57-62, 2013, [Online]. Available:
https://www.researchgate.net/profile/Abdalla-Satti/publication/271505476.

GIZ, “Profil de risque climatique : Burkina Faso,” ministere fédéral allemand de la Coopération économique et du Développement
(BMZ) en coopération étroite avec la Deutsche Gesellschaft fiir Internationale Zusammenarbeit (GIZ) GmbH, pp. 1-12, 2021.
Dagnelie, Statistiques théoriques et appliquées. Brussels. De Boeck, 1998.

G. Konaté, “Burkina Faso : une insécurité foncierement féminine,” 2006. [Online]. Available: http://graf.zcp.bf.

M. Gamatié, “Description des filieres feuilles de Moringa au Niger,” in INRA Moringanews- CTA, p. 9, 2005.

E.S. Carbungco, N. B. Pedroche, V. A. Panes, and T. E. De La Cruz, “Identification and characterization of endophytic fungi associated
with the leaves of Moringa oleifera Lam.,” Acta Hortic., vol. 1158, pp. 373-380, 2017, doi: 10.17660/ActaHortic.2017.1158.42.

D. Zoungrana, “Etiologie du dépérissement du moringa (Moringa oleifera Lam) au Niger,” Centre Régional AGRHYMET, 2019.
P.-A. Calatayud and B. Le Ru, “Les piéces buccales et I'alimentation des insectes,” Interact. insectes-plantes, no. July, pp. 107-113,
2019, doi: 10.4000/books.irdeditions.22353.

M. S. Halilou, M. N. Ba, L. Karimoune, and A. Doumma, “Farmers ’ knowledge, perceptions and management of the moringa tree
defoliator, Noorda blitealis Walker (Lepidoptera : Crambidae), in Niger,” Int. J. Trop. Insect Sci., vol. 42, no. 1, pp. 905-915, 2022,
doi: 10.1007/s42690-021-00617-1.

J. C. Fingu-Mabola and F. Francis, “Aphid—plant—phytovirus pathosystems: Influencing factors from vector behaviour to virus
spread,” Agric., vol. 11, no. 6, 2021, doi: 10.3390/agriculture11060502.

ISSN : 2028-9324 Vol. 38 No. 3, Jan. 2023 624



Kabré Salifou, Dao Madjelia Cangré Ebou, and Ouédraogo Lassané

(24]

(25]

[26]
(27]
(28]
[29]

(30]

(31]
(32]

(33]

(34]
(35]
(36]
(37]
(38]
(39]

(40]

A. M. Dunn, O. S. Hofmann, B. Waters, and E. Witchel, Les araignées: préserver la biodiversité. ARTHROPOLOGIA.Métropole de
Lyon 1-20, 2016.

A. Adétonah, E. Koffi-Tessio, O. Coulibaly, E. Sessou, and A. G. Mensah, “Perceptions et adoption des méthodes alternatives de lutte
contre les insectes des cultures maraichéres en zone urbaine et péri-urbaine au Bénin et au Ghana,” Bull. la Rech. Agron. du Bénin,
vol. 69, no. 2014, pp. 1-10, 2011.

M. Braham and N. Amor, “Effect of pruning severity on the vegetative growth, density and population dynamics of the Spirea aphid,
Aphis spiraecola in Citrus orchard,” J. Entomol. Zool. Stud., vol. 6, no. 1, pp. 311-319, 2018.

B. P. Dufour, I. W. Kerana, and F. Ribeyre, “Effect of coffee tree pruning on berry production and coffee berry borer infestation in
the Toba Highlands (North Sumatra),” Crop Prot., vol. 122, no. May, pp. 151-158, 2019, doi: 10.1016/j.cropro.2019.05.003.

S. Simon, B. Sauphanor, and P.-E. Lauri, “Control of Fruit Tree Pests through Manipulation of Tree Architecture,” Pest Technol., vol.
1, no. 1, pp. 33-37, 2007.

S. Savadogo, O. Sambare, A. Sereme, and A. Thiombiano, “Méthodes traditionnelles de lutte contre les insectes et les tiques chez
les Mossé au Burkina Faso,” J. Appl. Biosci., vol. 105, no. 1, p. 10120, 2016, doi: 10.4314/jab.v105i1.9.

S. Sourabie, P. Zerbo, D. Yonli, and J. I. Boussim, “Connaissances traditionnelles des plantes locales utilisées contre les bio-agresseurs
des cultures et produits agricoles chez le peuple Turka au Burkina Faso,” Int. J. Biol. Chem. Sci., vol. 14, no. 4, pp. 1390-1404, 2020,
doi: 10.4314/ijbcs.v14i4.18.

S. Facknath, “Combination of neem and physical disturbance for the control of four insect pests of stored products,” Int. J. Trop.
Insect Sci., vol. 26, no. 1, pp. 16—27, 2006, doi: 10.1079/1)T200698.

B. B. Yarou et al., “Plantes pesticides et protection des cultures maraichéres en Afrique de I'Ouest (Synthése bibliographique),”
Biotechnol. Agron. Soc. Environ., vol. 21, no. 4, pp. 288-304, 2017, doi: 10.25518/1780-4507.16175.

M. Kannan, M. M. Jamal, and G. Balasubramanian, “Effects of Neem [Azadirachta indica] Leaf and Seed Kernel Extracts on the Hairy
Leaf Caterpillar-Eupterote mollifera [Bombycidae: Lepidoptera] insect Pests of Moringa tree,” Int. J. Sci. Res. Biol. Sci., vol. 5, no. 6,
pp. 70-74, 2018.

S. Kilani-Morakchi, H. Morakchi-Goud;jil, and K. Sifi, “Azadirachtin-Based Insecticide: Overview, Risk Assessments, and Future
Directions,” Front. Agron., vol. 3, no. July, pp. 1-13, 2021, doi: 10.3389/fagro.2021.676208.

B. Shu, J. Zhang, G. Cui, R. Sun, X. Yi, and G. Zhong, “Azadirachtin affects the growth of Spodoptera litura Fabricius by inducing
apoptosis in larval midgut,” Front. Physiol., vol. 9, no. FEB, pp. 1-12, 2018, doi: 10.3389/fphys.2018.00137.

D. Diabaté and Y. Tano, “Biopesticide Efficacy of Aqueous Extracts of Jatropha carcus L . and Azadirachta indica ( A . Juss ) on Plutella
xylostella (Lepidoptera : Plutellidae ) on field in Cote d ’ Ivoire .,” J. Basic Appl. Sci., vol. 4, no. 11, pp. 51-60, 2014.

Y. Negusu, “Ecology of Noorda blitealis and its management using botanicals in Konso special Woreda,” 2005.

A. A. Correia et al., “Microscopic analysis of Spodoptera frugiperda (lepidoptera: Noctuidae) embryonic development before and
after treatment with azadirachtin, lufenuron, and deltamethrin,” J. Econ. Entomol., vol. 106, no. 2, pp. 747-755, 2013, doi:
10.1603/EC12158.

J. Karlik and S. Tjosvold, “(2003) Integrated pest management (IPM) for roses.,” Roberts AV Encycl. rose Sci. Elsevier Sci. Amsterdam,
2003.

CSP, “Liste globale des pesticides autorisés par le Comité Sahélien des Pesticides version de Mai 2018,” Burkina Faso, 2018. doi:
h12.

ISSN : 2028-9324 Vol. 38 No. 3, Jan. 2023 625



