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Effectiveness of Calotropis procera (Asclepiadaceae) leaf powder against cowpea bruchid

Callosobruchus maculatus(Coleoptera: Chrysomelidea)

Abstract

Cowpea grain is a legume that plays an important role in the diets of many populations.
But its production is limited by a number of biotic and abiotic constraints; including the attack
ofCallosobruchus maculatus beetle. In this way, Calotropis«proceraleaf powder extract was
evaluated in the ambient laboratory conditions (t = 25.74«+ 1.03°C;.r.h. = 71.48 + 2.04%) for
adult mortality, F; progeny reduction and seed damage, as well as on seed viability. Leaf powder
was tested at 2, 4, 8 and 16 g/kg with four replications. Seed wviability was assessed using seeds
preserved for two months at the single concentration of 16 g/kg. Results showed that, significant
mortalities of C. maculatuson treated cowpea grains was recorded with leaf powder at all the
concentrations, and they increased with the increasing of concentrations used and exposure
periods. At the lowest concentration of 2 g/kg, C. procera leaf powder recorded 85% of mortality
at 1 day after exposure. They highest concentration (16 g/kg) caused almost complete adult
mortality. The leaf extract used in this.study showed complete inhibition in the F; progeny
emergence of C. maculatuswithin in.the concentration of 8 g/kg, andconsiderably reduced grain
damage caused by C. maculatus. Seeds viability were not affected by C. procera leaf extract
used.Considering these results, C.proceraleaf powder extract could be a good alternative
insecticidein'cowpea grainsprotection during storage.
Keywords: Cowpea,Callosobruchus maculatus, Calotropis procera, mortality, damage,
viability, Bertoua

1. Introduction

Cowpea, Vigna unguiculata (L.) Walp. is the most important legume in tropical Africa [1],
which grown on different types of soil, and has the ability to improve soil fertility and prevent
erosion [2]. Cowpea grains is also used to fightagainst malnutrition thanks its high protein

contents (19-25%) [3]. It is therefore an affordable source of plant protein, particularly for low-



income people in many tropical countries in Africa and Asia, where it is mainly consumed [4]. In
addition to its nutritional values, V. unguiculatais also used for livestock feed [5].Global
production of V. unguiculata amounted to more than 5.7 million tons of dry seeds per year from
5 to 7.5 million ha in 2008 [6]. In sub-Saharan Africa, the production is around 70% of total
production per year [7]. In Cameroon, its production is estimated at 1% of world production
(112,501 tons of cowpea) [8]. Cowpeas are only grown once a year, but they are needed
throughout the year, so they need to be kept in stock to maintain food security and seeds for
future use.

Stored grain infestation is a very serious problem as various life stages of insect pests cause
cost-effective lossand deteriorates the quality of grains. There are number of stored grain
insectpests that infest food grains in farmer stores and public warehouses and massively surge
due to ambient environmental conditions and poor ware housing technology used[9]. Hence,
insect pests are responsible of grain damage to stored foodstuffs and cause major economic
losses in food storage [10]. Among these insects-is C. maculatus, which is the primary in the
field to stored pest that cause considerable losses to cowpea grains without any insecticidal
protection, when the insect population reaches harmful levels [11]. Kpatinvohet al. [12] state that
the damage caused by this beetle to cowpea seeds in storage result in deterioration in the physical
appearance of the seeds, weightloss, reduced nutritional value and grain germination ability. In
fact, in the early stages of its attack the only symptomsare the existence of eggs covered to
thesurface of the cowpea grains. As insect growth occurscompletely within the seed, the
immature larvaland pupal stages are not normally seen. Theadult insects emerge through holes in
the grains,leaving round holes that are the main evidenceof damage[13].

During storage, to improve the quality of their products, farmers frequently use different
methods. to reduce the losses induced by insect pest on grains[14], with synthetic insecticidesas
the most popular control method and found to be the most effective[15]. Despite their
effectiveness, synthetic insecticides causeseveral health and environmental adverse. Their
repetitive  use induces the development of pest resistance, destruction of
ecosystems,environmental pollution, health problems,destruction of natural enemies and also and
non-targeted organisms[16, 17].In fact, their use is a source of health risks, water and soil
pollution and the development of resistance in targeted pests [18, 19]. Additionally,these
synthetic pesticides are imported by African countries and are very expensive [20].Using



insecticidal products based on plantmaterials with insecticide potential is one of the approaches
currently explored, based on prospecting secondary metabolites produced by plant species [21,
22].In this way, chemical products derived from plants considered as insecticides are among the
best alternative methods to synthetic insecticides because of their less impact on the environment
and their biodegradability [23].Manyresearchers have turned to finding alternative approaches to
the use ofsynthetic chemical control methods. In fact,severalinvestigations onthe control of
stored product pests have begun to accentuatethe use of natural products of plant origin[24, 25,
26, 27]. Among the insecticidal plants used as insecticides isCalotropis procera, whichbelongs
to Asclepiadaceae family, including more than 280genera and around 2,000 species [28]. It is
originally from India and Africa, with wide geographical distribution in tropical and subtropical
regions[29]. Different studies reported that, different parts. of, Calotropis have
abundantphytochemical components such as flavonoids, tannins, sterols, alkaloids, cardiac
glycosides, sterolsand tri-terpenes [30].In many countries leaf fromC. procerais used in
traditional medicine to reduce blood glucose in.patients suffering.from diabetesmellitus [31]. In
Pest management,many findings showed the use of C. procera in stored products as repellent
against C. maculatus[32], as toxic plant against Sitophilus zeamaisin Yvory Cost[33]. In the
same way,Abubakaret al. [34] showed its insecticidal effectsof leaf powder from this plant
against S.zeamais in storage and recorded good results in Nigeria.The current study wasaimedto
evaluate the efficacy of powdered leaves fromCalotropis procera in controlling cowpea grains in

storage against Callosebruchus maculatus in Bertoua-Cameroon.

2. Materials and methods
2.1. Presentation of the study site

The present study was carried out at the Department of Life Sciences, Higher Teacher
Training College, Universityof in Bertoua (Lom-et-Djerem department, Eastern Region,
Cameroon), between January and April 2023.The geographical localization of this region are as
follows: 4°34" and 4°38" North latitude between 13°41' and 13°04" East longitude. The altitude
in relation to sea level is 665 m [35]. It is located in a contact zone between savannah to the
North and East, and forest to the South and West, with a Guinean equatorial climate. Rainfall is
generally around 1,450 mm per year. It is characterized by four seasons, two dry seasons and two
rainy seasons [35].



2.2. Cowpea grains

Vigna unguiculatagrains used in this study is the “Fekem variety” obtained from farmers in
the Gobo subdivision, Mayo Danay division, Far North region, Cameroon. This genotype is one
of the most widely grown and consumed variety in this locality because of its good yield and
seed size [36]. Before use in the experiment, damage grains and impurity materials were
removed from the cowpea stock and the cleaned cowpea grains were kept in the freezer at -20°C
for disinfestation [36]. After 14 days, grains were removed from the freezer and stored under
ambient conditions for another 14 days for acclimatization [36]. The grain meisture content was
determined using an electronic moisture tester (Pfeufer HE 50 Mess-und priifgerate, Hoh-
express, Germany), it was 12.1%.

2.3. Insect rearing

Callosobruchus maculatus parents used for this experiment wereobtained from infested
cowpea grains from traders in storage facilities at the market:in Bertoua, Cameroon.The insects
were reared in 900 ml glass jars containing cleaned and untreated cowpea grains. The glass jars
werecovered with cotton clothes to avoid'the escape of'insects, and closed with perforated lids
for sufficient aeration. The insects were allowed toreproduce in ambient Ilaboratory
conditions. The insects used for the experiment were those obtained from the second generation,
in ambient laboratory conditions(t =25.74 + 1.03°C; r.h. = 71.48 + 2.04%). C. maculatusadults
used for all the experiments were no more than 3 days old [36].

2.4. Collection and preparation of insecticidal plant

Green leaves of Calotropis procera (Asclepiadaceae) were harvested in Maroua-Cameroon in
January 2023, precisely at latitude 10°35'20.3"North; longitude 014°19'07.2"East, altitude of 401
m. The local name of this plant was obtained from the farmers of Maroua region and it is known
under. the name of“Babambé” in the Peulh language or “kulfaya” among the Guiziga. The
scientific namewas confirmed by the National Herbarium of Yaoundé-Cameroon as Calotropis
procera. The harvested leaves were dried at room temperature for 14 days and ground using a
wooden mortar until the powder passed through a 0.20 mm mesh sieve. The powder was then

stored in a freezer at -4°C until needed for insectbioassays.

2.5. Mortality bioassay



The mortality test of C. maculatus on treated cowpea grains using C. procerawas
performed under ambient laboratory conditions (t = 25.74 £ 1.03°C; r.h. = 71.48 £ 2.04%),
recorded by a data logger (model EL-USB-2, LASCAR, China) [36]. In 500 ml glass jars, four
dosages: 0.1, 0.2, 0.4 and 0.8 g (corresponding to 2, 4; 8 and 16 g/kg of cowpea) of C. procera
leaf powder were mixed individually with50 g of cowpea grains. Then, the glass jars were
shaken manually for 2 minutes to allow uniform coating of the extract on the seed [25]. Negative
control consisted in 50 g of cowpea grains without plant insecticide. After this, twenty C.
maculatus adults aged < 3 days old were added to the glass jars containing the:treated or
untreated cowpea grains. All glass jars containing treated, untreated and. infested cowpea grains
were covered with cotton clothes to prevent insects from escaping and closed with perforated lids
for sufficient aeration [25]. The number of dead and alive insects was recorded 1, 3, 5 and 6 days
after infestation. The insect was considered dead after several delicate contacts with
entomological forceps without any movement of insect antennae and legs. The percentage of
control mortality was corrected
according to Abbot [37].

2.6. Population increased and cowpea seeds damage

After recording mortality.in 6 days post-infestation of the previous experiment (mortality
bioassay), the glass jarswas maintained for further observations. After two months of storage,
emerging bruchids,the number of damaged and undamaged cowpea seeds were counted and
evaluated. The percentage of inhibition in progeny (IR) emergence was calculated using the

formula below:

(Nc — Ne)
R=—x%x100
Nc

Where Nc: the number of insects that emerged in the negative control; Ne: the number of insects
that emerged in the treated jars.

The damaged seed rate is the ratio of the number of damaged seeds to the total number of seeds.
It was estimated follows the formula used by Fotsoet al. [25]:

Nd
%GE = — %100
Nt

Where: Nd is the number of damaged seeds and Nt is the total number of seeds.
The percentage weight loss (%PW)was evaluated as follows:



(PuxNd) — (Pd x Nu)
Pu(Nd + Nu)

Where Pu is the weight of undamaged seeds; Nu: the number of undamaged seeds; Pd: the

%PW = [

] x 100

weight of damaged seeds; Nd: the number of damaged seeds.

2.7. Seeds viability assessment

To assess seed viability, 50 g of cleaned cowpeas were placed in a 450 ml glass jar and
mixed with the highest content ofl6 g/kgCalotropis procera leaf powder with the highest
content. Two different treatment batches were made; one was infested with adult C. maculatus
and the other was uninfested. Three replications were made for each batch containing the
treatment. After two months of storage, 30 unperforated seeds were taken.randomly from each
glass jar and placed on moistened filter paper in 9 cm Petri dishes-and stored under ambient
conditions (t = 25.22°C £2.04°C; RH ~ 72.53% =+ 2.28%).Each petri dish was watered every day
during 10 consecutive days [38]. After this period, the number of germinated and ungerminated
seeds was recorded [21]. The percentage of germinated seeds. (%PG) was calculated according

the following formula:
Ng
%PG = —x100
Nt

Where: Ng: the number of germinated seeds (infested or non-infested) in the treatment and Nt:

the total number of seeds ‘in the petri dishes.

2.8. Data analysis

The C.procera bio-efficacy study was conducted from February to April 2023 and data on
various parameters were collected. Abbott's formula [37] was used to correct mortality relative
tonegative control prior to analysis of variance (ANOVA) and probit analysis. The corrected
cumulative mortality data were log transformed (x + 1). The transformed data were subjected to
the ANOVA procedure using Statgraphics plus 5.0 software. Probit analysis [39] was performed
to determine the lethal dose (LDsp) at 1, 3, 5 and 6 days post-treatment. Graphs were plotted
using Excel (2016).

3. RESULTS



3.1. Insecticidal activity of Calotropis procera against Callosobruchus maculatus in cowpea
protection
3.1.1. Effect of C. procera leaf powder on the mortality of C. maculatus

The recorded results showed that the mortality rate ranged from 0 to almost 100%
respectively for DO<<<D1<<D2<D3<D4 corresponding to 0, 2, 4, 8 and 16 g/kg of cowpea
grains respectively (Figure 1). This mortality increased with the increasing content of leaf plant
powder used in and according to the days of exposure. At the lowest contentD1 (2g/kg),
mortality rate was significant and when the content and the exposure period-wereincreased; D4
(169/kg) caused almost complete mortality of C. maculatusafter days 1, 3, 5 and 6.

Figure 1 below shows the variation in the mortality rate as a function of the different
doses on exposure days 1, 3, 5 and 6. It was observed that, among these doses there was a
significant difference between doses DO and D1; DO and D2; D3; D4 and also between doses D1
and D2; D3; D4 atP<0.05. However, doses D2; D3; D4 were not significant.
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Figure.1: Variations in the mortality rate according to the different doses, expressed as a %
relative to the DO dose, of Callosobruchus maculatus during 6 days of treatment. Negative
control not treated with leaf powder and containing cowpea and Callosobruchus maculatus
(DO); cowpea treated with Calotropis procera powder extract at 2 g/kg (D1), 4 g/kg (D2), 8 g/kg
(D3) and 16 g/kg (D4). Significant differences: *P< 0.05; "P< 0.01 compared with the negative
control (D0). n =20 insects/jar.

3.1.2. Relationship between plant product dose and Callosobruchus maculatus mortality
rate (LDso)



C. procera leaf powder used in the present findings proved to be toxic to adult cowpea bruchids
and this toxicity increased with the doses used. The regression line y = 1.7573x + 5.66 is used to
determine the LDso dose; the absolute value of X when Y equals 5 corresponds to the desired
dose. Calculation of the LDs gave a value of 0.42g/kg. The correlation coefficient R?2 = 0.973 is
close to 1, indicating a strong correlation between the two quantitative variables (dose and
mortality rate) (Figure 2).
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Figure 2: Fit of a regression line of the mortality rate of Callosobruchus maculatus adults as a

function of the logarithm of the doses submitted to the Calotropis procera leaf powder function.

3.2. Emergence of Callosobruchus maculatus on cowpea and damage
3.2.1. Effect of plant powder on the reduction of F; progeny emergence

The figure 3 shows that there was a significant reduction in Fiadult emergence at all the
treatments used compared to the negative control. This inhibition of emergence is dose-
dependent and decreases when the treatment increased.In terms of adult inhibition, the different
treatments ranked as follows: DO >>D1>>D2>>D3>D4. At D4 (16g/kg) and D3 (8 g/kg), there
were a complete inhibition in the F; progeny emergence of C maculatus.Howevera significant
difference(P< 0.05) was observed among these contents compare to negative control. C. procera
leaf powder at DO (0 g/kg), D1 (2 g/kg) and D2 (4 g/kg) recorded respectively77.71, 13.17 and
8.13% of F1 progeny inhibition of C. maculatus (Figure 3).
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Figure 3: Variation in the rate of emergence of Callosobruchus maculatus on cowpea as a
function of dose, expressed as a % relative to the DO dose, during 58 days of treatment. Negative
control not treated with leaf powder and containing cowpea and Callosobruchus maculatus
(DO); cowpea treated with Calotropis procera powder extract at 2 g/kg (D1), 4 g/kg (D2), 8 g/kg
(D3) and 16 g/kg (D4). Significant differences: *P< 0.05; °P< 0.01; °P< 0.001 compared to the
negative control (OD). n =20 insects/ jar.

3.2.2. Effect of Calotropis..procera leaf powderon the seedperforation

According to Table 1, the rate of perforated seeds decreased significantly in cowpea seeds
treated with Calotropis. procera leaf powderwhen the dose increased. The rate of perforated
seeds evolved in proportion to-the rate of weight loss and inversely proportional to the rate of
non-perforated -seeds. The effect of the treatments used was classified according to the
percentage of perforated seeds as follows: DO<D1<D2<D3<D4. However, in terms of weight
loss, there was a significant difference (P< 0.05) between the negative control which recorded
94.66+1.3% of seeds weight loss and the other powder treatments; there was no significant
difference between powder doses D1, D2 and D3 which recorded 11+3.4, 8.06+0.91 and
1.32+0.36% of seeds weight loss. At the highest dose of 16 g/kg (D4) there was not seeds
damage and no seeds weight loss recorded in the seeds treated with C. proceracompare to
negative control(Table 1).

Table 1: Parameters of stored seeds



Doses (g/kg)

Percentage of perforated seeds — unperforated seeds

Parameters Weight loss rate (%0)
DO(0g/kg) D1(2g/kg) D2(4g/kg) D3 (8g/kg) D4 (16 g/kg)
Rate of perforated seeds (%) 100 £0.00 13.17 +1.34* 8.53+0.97° 3.87+0.27° 0.00 + 0.00°

Rate of unperforated seeds (%) 0.00 +0.00 86.82 + 1.34* 91.47+0.°®° 96.1240.57, 100.00 + 0.00°
Weight loss rate (%) 94.66+1.30 11.00 £3.40* 8.06+0.91* 1.32+0.36° 0.00 % 0.00°

Variations in the rate of perforated seeds, rate of non-perforated seeds-and rate of weight loss

according to the different doses, expressed in % in relation to the DO dose, of cowpea during 58
days of treatment. Negative control (NC) not treated with leaf powder and containing cowpea
and Callosobruchus maculatus DO; cowpea treated with Calotropis.procera powder extract at 2
g/kg (D1), 4 g/kg (D2), 8 g/kg (D3) and 16 g/kg (D4). Significant differences: *P< 0.05; °P<
0.01; °P< 0.001; %P< 0.0001 compared with the negative control (DO). n =215 seeds/ jar

3.3 Evaluate the post-storage germination.capacity of seeds protected by Calotropis procera
leaf powder after storage.

Percentage of seeds germination of cowpea seeds treated with C. procera and infested or
not with C. maculatus are presented in the Table 2. After 2 months of storage, the germination
rate of the seeds varied according to whether or not the seeds were infested with bruchids. Non-
infested cowpea seeds. recorded the higher germination rate (91.66%) than infested seeds
(38.33%) when they were.treated with the C. procera compare to the negative control which
recorded in the infested seeds.0% of seeds germination and in non-infested seeds 80% of
germantion(Table 2).

Table 2:Effect of C. procera leaf powder on cowpea seed viability

Treatments without insects with insects p-value
Control (%) 80 +4,71 0? 0,0017
Powder (%) 91,66 + 2,36 38,33 + 2,36° 0,0019

Viability test for seeds treated with Calotropis procera powder as a function of the D4 dose
expressed as a % in relation to the negative control (D0), cowpea during 58 days of treatment.
Negative control not treated with leaf powder and containing cowpea with insects and another jar



without insects; cowpea treated with Calotropis procerapowder extract at 16 g/kg (D4).
Significant differences: *P< 0.05; compared with the negative control (D0). n =30 seeds / jar

4. DISCUSSION
4.1. Insecticidal activity of Calotropis procera against Callosobruchus maculatus in cowpea.

Generally, in only 6 days of observation, almost complete mortality caused by C. procera
leaf powder was recorded at the highest content of 16 g/kg. The mortality rate was proportional
to the different doses of C. procera powder. This suggests that the increasing doses effectively
reduces the lifespan of C. maculatus.The mortality rate would be due to.the chemical compounds
contained in the C. proceraleafpowder. The insecticidal activity would be therefore due to
cardenolides, toxic substances, present on almost all parts of the C. procera plant [40]. The death
of the cowpea bruchids, which increases with the dose of.the product, can be explained by the
increase in the quantity of the active ingredients according to the contents used [41].Several
other studies have already been carried out on insects associated with insecticidal plants, both in
Cameroon and elsewhere. In Cameroon, the wark of Saotoinget al. [40] on the insecticidal effect
of the acetone extract of dried C. procera leaves on Anopheles gambiae adults revealed 100%
mosquito mortality after 24 hours of exposure at concentrations of 59.15mg and 84.5mg; in the
agro-ecological zone known _as “the western' highlands.Goudoungouet al. [36]showed
thatPlectranthuskirbii leaf powder was toxicat a dose of 16 g/kg and achieved over than 80%
mortality of C. maculatus adults in 6 days. In Congo, the effect of Tephrosiavogelii powder in
the preservation of cowpea seeds in.stock against C. maculatus in Mbujimayi showed that the
longevity of C. maculatus adults was inversely proportional to the dose of the powder, 100%
mortality in 6 days of observation was recorded for the dose 45 g/kg [42]. The present results are
similar to these authors regarding the high mortality rate within a few days of exposure only to
insecticidal plants but differ by the insecticidal plant.

Faraway [43] reports that in biological sciences when the coefficients of determination R2
are less than'0.6, the favorable results found are not attributable to the products used. In our case,
this assertion confirms the strong relationship between the mortality rate and the plant powder
and doses used in the current study (R? = 0.973 > 0.6).

4.2. Emergence of Callosobruchus maculatus on cowpea and damage



The experiment on the emergence of C. maculatusin cowpea seeds treated
withC.proceraleaf powder was recorded after 2 months of storage. Therefore, all treatments
containing C. procera powder significantly (P < 0.05) inhibited the bruchid population compared
with the negative control. This result could be due to the action of the active compounds present
in the powdered leaves from C. procera with increased with the increase of contents. The effect
of the treatments on the emergence of C. maculatus can be explained by the fact that C. procera
contains alkaloids that block ovarian development and vitellogenesis in females and prevent
sexual maturity in males [44].Other work has already been carried out on. the effect of this
insecticidal plant. Ben Hassan [45] states that the number of eggs per ootheca of females treated
by ingestion with C.procera extract was 38 eggs; this reduction in egg-laying can probably be
explained by a disruption in the insect's ovogenesis. The same author states that treatment with
C. procera reduced the number of eggs hatched compared with the control series, whether by
contact or ingestion. Ramos et al. [46] confirmed that a reduction in-fecundity was observed in
C. maculatus and Zabrotissubfasciatus after treatment with C.. procera latex. According to
Salunkeet al. [47], flavonoids extracted  from C. procera have an ovocidal action on
C.chinesiseggs at a dose of 10 mg/ml. Our results corroborate those of these authors with regard
to the action of the treatments on the insect, resulting in a long-term reduction in the emergence
of C. maculatus

4.3 Evaluating of the post-storage germination capacity of seeds protected by leaf powder.
According to these results,.a significant highest germination rate was recorded in
uninfested seeds treated with C.procera leaf powder, while in these treated and infested seed
there was lowest percentage of germination (38.33%) recoded after storage. This result obtained
in the treated-and infested cowpea seeds is due to the fact that insect attack could altered or even
destroyed seed- vigor and germination capacity. The non-perforated seeds selected from the
infested. seeds, even though they had a normal appearance, had a low germination rate. This
could be dueto the development of larvae that consume the seed reserve. This result is similar to
that recorded byGoudoungouet al.[36] on P. kirbii, which showed that in infested cowpea seeds,
the highest germination rate was 37.78% when the cowpea seeds was treatedwith leaf powder,
followed by the aqueous extract with 33.33% of seeds germination. On the other hand, when the
variation in climatic conditions in the storage environment is poorly controlled, germination

capacity is reduced. This was tested by Couturon, 1980 cited by Younoussa[48] with



Coffeacanephora and C. stenophilla where less than 50% viability was observed after four
months in fluctuating conditions compared with 90% in a controlled atmosphere after fifteen
months of storage. During storage, the seeds increase their water content if the enclosure is not
controlled. Hence the need for exposure to the sun in order to maintain an acceptable moisture

content for storage [50].

CONCLUSION

The use of plant powder as insecticide could improve the biodegradability of insecticide
treatments and therefore reduce thequantity of toxic insecticide remains. In the present study,C.
procera leaf powder proved its effectiveness against Callosobruchus maculatus adults. After 6
days of exposure, the leaves powder fromC. proceracaused. complete mortality of cowpea
bruchid population itsthe highest dose (16 g/kg). At the two highest contents (8 and 16 g/kg), the
powdered plant used in this study recorded complete_ inhibition in the progeny emergence of C.
maculatusafter 2 months. Inhibition of the C. maculatus population‘is therefore total with dose 4.
The damage and losses caused by C. maculatus on cowpea seeds were progressively reduced
with the increased of different contents used. Cowpea seeds treated with C. procera and
uninfested at 16g/kg retained their viability after two months' storage. The results obtained show
that C. procera leaves have a good insecticidal action against C. maculatus. Therefore with a
view to promoting sustainable development and protecting the environment, C. procera leaf
powder could be considered as a suitable insecticide to replace synthetic chemical. In Cameroon,
more precisely in the Eastern region:where cowpea farming is not strong, and more than half the
population lives from:storing this legume, C. procera leaves could be applied to protect cowpeas
from bruchid attacks.

REFERENCES

[1] Kouame NG, Beugre M, KouassiND, EkraD, AyolieK, YattyK. Effect of growing area
and sowing density on agronomic parameters of three cowpea varieties [Vigna unguiculata
(L.) walp, Fabaceae] grown in Cote d'lvoire. Agron. Afr. 2020;32(2):151-158.

[2]Nkomo G, Sedibe M,Mofokeng M. Production Constraints and Improvement Strategies of
Cowpea (Vigna unguiculata L. Walp.) Genotypes for Drought Tolerance. Int. J.Agron.
2021; Article ID: 5536417. https://doi.org/10.1155/2021/5536417




[3] Marie S, Diamouangana J, Yoka J. Evaluation of cowpea (Vigna unguiculata) cultivars in
the Niari valley, Congo. Afri.Sci. 2020;6 (2):10-21.

[4]Jafari M, Rajabzadeh A, Tabtabaei S, Marsolais F,Legge L.Physicochemical
Characterization of a Navy Bean (Phaseolus vulgaris) Protein Fraction Produced Using a
solvent Free Method. Food Chem.2016;208:35-41.
https://doi.org/10.1016/j.foodchem.2016.03.102

[5]Bello S, Affokpon A, Djihinto C, Idrissou-Touré M.Pest susceptibility, seed production and

agro pastoral interests of the cowpea variety IT 95K-193-12 in South Benin. Technical and
information document. 10p. Legal deposit No. 9054 of 28/11/2016, 4th quarter, Bénin
national library, ISBN: 2016; 978-99919-2-616-2.

[6]Folefack D, SobdaA, TengomoS, BoukarO,TahirouA: (2013). Extension of the triple
bagging method for improved cowpea storage in the Sahelian zone of northern Cameroon:
issues and farmers' perceptions paysannes. Tropicultura2013;31(3):170-178.

[71Omovbude S, Udensi E. Evaluation of pre-emergence herbicides for weed control in Cowpea
(Vigna unguiculata (L.) Walp.) in a Forest - Savanna Transition Zone. Am. J. Exp. Agri.
2013;3(4):767-779.

[8]Moussa B, Otoo M, Fulton J,Lowenberg-DeBoer J. Effectiveness of Alternative Extension
Methods through Radio Broadcasting in West Africa.J. Agric. Educ. Exten.2011;17(4):355-
369.

[9]Trivedi A, Nayak N, Kumar J. Recent advances and review on use of botanicals from
medicinal and aromatic plants in stored grain pest management. J. Entomol. Zool.
Stud.2018;6(3):295-300.

[10]Karahacane T. Insecticidal activity of extracts of some cultivated and spontaneous plants
on post-harvest wheat insects. Thesis PhD.National School Agricultural college, EI Harrach,
2015; p136.

[11]Bakoye, O., Ibrahim, B., Seyni, H., Amadou, L., Murdock, L. and Baributsa, D. (2020).
Comparative Study of Cowpea Storage Technologies in the Sahel Region of Niger.
Insects2020;11:689. https://doi.org/10.3390/insects11100689

[12]Kpatinvoh B, Adjou E, DahouenonAhoussi E, Konfo T. The problem of cowpea (Vigna

unguiculata (L), Walp) conservation in West Africa: impact study and solution approach. J.
Agric. Food Chem. 2016;31:4831-4842.



[13]Uyi OO, Igbinoba OG.Repellence and toxicological activity of the root powder of an
invasive alien plant, Chromolaenaodorata (L.) (Asteraceae) against Callosobruchus
maculatus (Fab.) (Coleoptera: Chrysomelidae). Anim. Res.Internat.2016;13(3):2510-2517.

[14]Isman MB. Botanical insecticides, deterrents, and repellents in modern agriculture and an
increasingly regulated world. An. Rev. Entomol. 2006;51:45-66,
https://doi.org/10.1146/annurev.ent0.51.110104.151146

[15]Goudoungou JW, Félicité A, Barry RB, Abdou JP, Kosini D, Nukenine EN.Insecticidal
activity of Aguariasalicifolialeaf extracts on cowpea bruchid Callosobruchus:maculatus
(Coleoptera: Chrysomelidae). Heliyon,2024;10(e33320): 1-8.
https://doi.org/10.1016/j.heliyon.2024.e33320

[16]Ofuya TI. Beans Insects and Man. Inaugural Lecture Series 35, The Federal University of
Technology, Akure Nigeria, 2003;p.45.

[1710ni MO, lleke KD. Fumigant toxicity of four botanical plant oils on survival, egg laying

and progeny development of the dried-yam beetle, Dinoderusporcellus(Coleoptera:
Bostrichidae). Ibadan. J. Agricul. Res.2008;4(2):31-36.

[18]Narayan S, Liew Z, Bronstein dJM, Ritz B. (2017). Occupational pesticide uses and
Parkinson's disease in the Parkinson Environment Gene (PEG) study. Environ.
Int.2017;107:266273.

[19]INS-Niger. Population-projection for Niger Horizon 2012-2035 Final report, 2016.

[20]Sola P, Mvumi B; Nyirenda S, Ogendo J, Mponda O, Andan F, Kamanula J, Belmain
S, Stevenson P. Botanical pesticide production, trade and regulatory mechanisms in sub-
Saharan Africa: making a case for plant-based pesticidal products. Food Security2014;6:
369-384.

[21]FotsoTG, Tofel HK, Abdou JP, Tchao N, Zourmba CM, Adler C, Nukenine EN.Control
of Callosobruchus maculatus (Coleoptera: Chrysomelidae) using three different extracts
from Cameroonian Hemizygiawelwitschii (Lamiaceae) leaves powder on stored Vigna
unguiculata (Fabaceae). J. Insect Sci.2019;19(2): 22:1-9.
https://doi.org/10.1093/jisesa/iez029

[22]Singhi MV, Joshi RC, Sharma KS.Oviposition behavior of Aedes aegyptiin different

concentrations of latex of Calotropis procera: Studies on refractory behavior and its
sustenance across gonotrophic cycles. Dengue Bull. 2004;28:184-188.



[23]Belkhiri, Chibane.Contribution to the study of the biological activities and insecticidal
potential of the Rosmarinusofficinalis plant. These of Master. University L'Arbi Ben
MhidiOum EI Bouaghi2020;p 22.

[24] Dougrigue E, Mbaiguinam M, Fotso TG, Nukenine EN.Effet des poudres des feuilles de
SecuridacalongepedunculataFresen et d’Indigofera sp. (Fabaceae) contreCallosobruchus
maculatus des stocks de niébé, au Tchad. Int. J. Biol. Chem. Sci. 2023;17(5):1819-1831.
https://dx.doi.org/10.4314/ijbcs.v17i5.4

[25]Fotso TG, Nukenine EN, Tchameni R, Goudoungou JW, Kosini.D, Tigamba V, Adler
C. Use of Cameroonian Hemizygiawelwitschii Rolfe Ashby (Lamiaceae) leaf powder against

Callosobruchus maculatus and Sitophilus zeamais. J. Entomol.Zool. Stud.2018;6(4):1261-
1269.

[26]Saifi R, Saifi H, Akca I, Benabadelkader M, Askin AK; Belghoul M. Insecticidal and
repellent effects of Mentha longifolia L. essential oil against Aphis craccivora Koch
(Hemiptera: Aphididae). Chem. Biol. Technol. in Agri.2023;10:18.
https://doi.org/10.1186/s40538-023-00395-7

[27]Tofel KH, Gaza D, Fotso GT, Goudoungou WJ, Adler C, Nukenine EN.Ability of
Allophylus africanus (Sapindaceae) extracts and Azadirachtaindica (Meliaceae) seed oil to

protect maize against Sitophilus zeamaisMotschulsky, 1855 (Coleoptera: Curculionidae)
simulating farmer storage condition. J. Plant Dis. Prot. 2024;https://doi.org/10.1007/s41348-
024-00919-9.

[28]Sharma N, Shankar R, Gupta N, Prakash PA, 2016. Preliminary phytopharmacognostical
evaluation of Calotropis gigantea (L.). Int. J. Ayurvedic Med.2016;7(1):44-48.

[29]Neres de Souza TA, Alvarenga CD, Soares DP, Giustolin TA. Insecticidal potential of
organic:. extracts of Calotropis procerato to Spodopterafrugiperda. Biosci.
J.2023;39:€39025. https://doi.org/10.14393/BJ-v39n0a2023-63699

[30]Prabha RM, Vasantha K. 2013.Phytochemical and antibacterial activity of Calotropis
procera(Ait.) R. Br. flowers. Int. J. Pharmacy Biol. Sci. 2013;3(1):1-6.

[31]Rahmatullah M, Sultan S, Toma TT, Lucky SA, Chowdhury MH, Haque WM, Annay
EA, Jahan R. 2009. Effect of Cuscutareflexastem and Calotropis proceraleaf extracts on

glucose tolerance in glucose- induced hyperglycemic rats and mice. Afr. J.Trad.Complement
Alternative Med.2009;7(2):109-112.



[32]Alamuoye NO. Repellent effects of powder and extracts of leaf and root bark of Calotropis
procera and Parquetinanigrescens on Callosobruchus maculatus (F.) (Coleoptera:
Chrysomelidae). Int. J. Multidisc. Res. Develop. 2019;6(10):207-209.

[33]Dohouonan D, Brice OEJ, Julien GK, Yao T. Effectiveness of Calotropis procera(Ait.
R.Br.) and Cassia siamea(Lamk.) leave powders in the control of Sitophilus
zeamaisMotschulsky (Coleoptera:Curculionidae). Int J Agri Biosci, 2022;11(2):84-89.
https://doi.org/10.47278/journal.ijab/2022.012

[34]Abubakar S, Zaharaddeen S, Tijjani A Aliyu M. 2020.Evaluation:of the uinsecticide
activity of sodom apple (Calotropisprocera) against maize weevils (Sitophilus zemais)

causing damage onstore maize. J. Agripreneurship Sustainable Dev. 2020;3(4):45-53.

[35]Mintedem. In: Environmental and social management framework of the. competitive growth
sectors project (PCFC). Published 23 December 2009. 1985;31-32.

[36]Goudoungou J, Arindo F, Tofel K, Borkeum R, Abdou J. Nukenine EN.Bioefficacy of
Plectranthuskirbii Powder and Extracts on.Stored Cowpea Pest Callosobruchus maculatus
(Coleoptera: Chrysomelidae). Adv. Entomol.2022;10:205222.

[37]Abbot W. A method of computing the effectiveness of an insecticide. J. Econo. Entomol.
1925;18:265-267.

[38]Demissie G, Tefera T, Tadesse A. Efficacy of SilicoSec, filter cake and wood ash against
the maize weevil, Sitophilus zeamaisMotschulsky (Coleoptera: Curculionidae) on three
maize genotypes. J. Stored Prod. Res. 2008;44:227-231.

[39]zar JH. Biostatistical Analysis. 4th Edition, Prentice-Hall Inc., Upper Saddle River,
1999;931p.

[40]Saotoing P, TchuenguemF-NF, Amadou D, NgataranglC. Evaluation of the insecticidal
effect of the.acetone extract of dried leaves of Calotropis proceraAit. (Asclepiadaceae) in
adults of Anopheles gambiae, Maroua (Cameroon). Int. J. Biol. Chem. Sci. 2014;8(4):1438-
1444,

[41]Kim D,Ahn Y. (2001). Contact and fumigant activities of constituents of Foenoculum
vulgare fruit against three coleopteran stored product insects. Pest Manag.Sci.2001;57:301-
306.

[42]Kayombo MA, Mutombo TM, Mulamba M., Somue MP, Kalambaie BMM.Effect of
Tephrosiavogelii powder in the conservation of cowpea (Vigna unguiculata L. Walp.) seeds



in stock against Callosobruchus maculatus F. in Mbujimayi (DR. Congo). J. Ani. Plant Sci.
2015;25(1):3827-3835.

[43]Faraway JJ. Practical Regression and Anova using R: 2002;212p.

[44]Abbassi K, ATAY KZ,Ghaout S. Biological activity of Calotropis procera(Ait. R. Br)
leaves on the desert locust (Schistocerca gregaria, Forsk. 1775). Zool. baetica,
2004;15:153-166.

[45]Ben HMA .Evaluation of the insecticidal activity of ethanolic extracts of Calotropis procera
and Artemisia judaica on Schistocerca gregaria (Forskal, 1775) (Orthoptera: Acrididae).
Magister in Agronomic Sciences. University EI Harrach -Alger. 201;143p

[46]Ramos M, Araudjo E, Oliveira R, Teixeira F, pereira D, Cavalheiro M, Souza D,
Oliveira J, Freitas C. References113Latex fluids are endowed with insect repellent activity
not specifically related to their proteins or volatile. substances. Braz. J. Plant
Physiol.2011;23(1):57-66.

[47]Salunke B, Kotkar H, Mendki P, Upasani-S, Maheshwari V. Efficacy of flavonoids in
controlling Callosobruchuschinensis (L.) (Coleoptera: Bruchidae), a post-harvest pest of
grain legumes. Crop Prot. 2005;24(10):888-893.

[48]Couturon E. Maintaining the viability.of coffee beans by controlling their moisture content
and storage temperature. Coffee Cocoa Tea, 1980;24:27-32.

[49]Bertenshaw V. Improving the identification, handling and preservation of "difficult to store"
seeds Consultation' workshop. 10 - 14 July 2006 Ouagadougou, Burkina Faso: 2007;28p



