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Abstract

Rastrococcus invadens is an insect infesting mango trees and causing significant damage in certain localities in
Senegal. The damage affects host plants, greatly reducing mango production, thus causing enormous economic
losses. Producers encounter enormous problems in the fight against this insect. The most used means of control
are physical but they do not provide long-lasting results. And the other hand, chemical control can cause
undesirable effects. Biological control or the use of biopesticide is therefore an alternative. In this sense, we
carried out toxicity tests and showed the histological effects of neem seeds extracts (Azadirachta indica) on
adults of R. invadens. The application of doses of 4%, 8%, 16%, 32% and 64% (g/ml) resulted in average
mortalities of 42.92 £10.57%; 52.59+11.41%; 54.55+10.73%; 66.22+6.91% and 100%+0.04% respectively in 24
hours compared to the control (1.033+0.05%). Histological sections showed that the product acted by destroying
internal structures such as muscle tissue, cerarius and salivary glands. The results suggest that neem seed
extracts has potential as a natural insecticide for the management of R. invadens adults and should be

popularized in rural areas.
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Introduction

In Senegal, as in most West African countries, fruits
constitute food products with high nutritional and
commercial value (Dembélé et al., 2013). The annual
production of fruits and vegetables in Senegal comes
mainly from Casamance, Thies and Dakar (Dembélé
et al, 2013). However, certain insects such as
Rastrococcus invadens (Williams, 1986) pose a threat
to this production and reduces its commercial value.
R. invadens is a polyphagous species attacking many
species of citrus and mango trees (Agounké et al.,
1988). It is a bisexual species with a pre-reproductive
period in the female which can produce up to 200
larvae in its lifetime (Willink and Moore, 1988). It
originated from Southeast Asia and was first
identified in Senegal in 1995 (Han et al., 2007). Since
then, it has become widespread throughout the
country and more particularly in the two most fruit-
producing areas (Casamance and Thiés). Recent
studies have shown morphometric (Fall et al., 2018)
and genetic characterization (Fall et al., 2020, Seye et
al., 2023) of R. invadens in certain mango production
areas in Senegal. In addition to the production of
honeydew and sooty mold on the surface of leaves
and fruits, this biting insect causes sap loss on the

mango tree (Hala et al.,, 2004).

This damage consequently leads to a considerable loss
of mass production (Fall et al., 2017) and economic
loss (Fall et al., 2019) in rural areas. As part of the
control of these pests, physical control remains the
most used by producers, compared to chemical
method using synthetic products with adverse efects
on humans or nontarget organisms. However, other
methods such as biological control using parasitoids
(Agricola et al., 1989) or biopesticides based on plant
extracts (Kassi et al., 2021) have shown a promising
method of controlling R. invadens. In the same way,
our previous work showed that among neem
derivatives (Azacdirachta indica), seed powder in
aqueous solution were effective and could be used in
R. invadens control (Seye et al., 2022). To better
elucidate the toxicity of this product on R. invadens,
it is necessary to evaluate the histological damage of

neem seeds on adults.
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Materials and methods

Animal material

Rastrococcus invadens is a sucking insect and
attaches itself to one side of the mango leaf. The
males are winged while the females are most often
fixed. The individuals sampled are therefore females.
The insects attached to the mango leaves were
collected in the garden of the UCAD baccalaureate
office: latitude 14° 41”16 N, longitude 17°28"0 and
sent directly to the laboratory for testing.

Plant material: neem seed extracts

The extracts of neem seed (Azadirachta indica) was
obtained according to Seye et al., 2002. The powder
was chosen because it showed more effectiveness on
the different parts of the neem. The seed were
collected in the Kaolack region (Senegal). The dried
powder was sieved with a diameter of 0.97 mm to
obtain fine particles. The powder was conditioned in
aqueous solution for 24 hours to allow good diffusion

of the active ingredient in the water to be sprayed.

Toxicity test

The sprays were carried out directly on the insects
found attached to the leaves of freshly harvested
mango trees of the “Sewe” variety. Based on the
results of Seye et al., 2022, we chose the following
doses g/ml: 4%, 8%, 16%, 32% and 64% and control
group was treated only with distilled water. Mortality
findings were made 24 hours after spraying. The
mortalities were corrected using Abbott’s formula
(Abott, 1925). The data collected was processed with
an Excel 2013 spreadsheet. Treatments were
replicated four times at different time intervals for

each test and the means were reported.

Histological study

To see the histological damage, we looked at the
adults treated with the highest dose which caused
100% mortality and those of the controls in 24 hours.
The insects were taken randomly from the treated
batch and fixed in a carnoy solution (60% ethanol +
30% chloroform + 10% acetic acid). The technique
used to carry out the sections on adults of

Rastrococcus invadens is that described by Seye et
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al., 2021. The staining was carried out with
Hematoxylin Eosin (HE). We used an Optika brand
optical microscope with an integrated camera. Images
were captured with Leica DM500 digital camera and
saved in JPEG format.

Results
Toxicity
The application of seed extract on Rastrococcus
invadens adults showed an increasing mortality with
increasing doses (figure 1).The doses used 4%, 8%,
16%, 32% and 64% (g/ml) against adults of R.

invadens showed average mortalities 42.92 +10.57%;
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52.59+11.41%; 54.55+10.73%; 66.22+6.91% and
100%+0.04% respectivly compared to the control

1.033+0.05% in 24 hours.

Histological effects

In the general histological structure (Fig. 2), we note
in longitudinal section a disintegration of the internal
tissues of Rastrococcus invadens in 24 hours (Fig.
2b) compared to the control (Fig. 2a). The tissues
most affected are, among others, the exocrine glands
and muscle tissue. Other structures resembling
maturing larvae are visible in the control (Fig. 2a) and

appear to be affected by the neem product (Fig. 2b).
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Fig. 1. Mortality of Rastrococcus invadens adults treated with an aqueous solution of neem powder 4% to 64%

(g/ml) in 24 hours. Values are mean corrected percent mortality of four replicates with standard error (SE).

Exocrine glands and muscle was observed at high
magnification (Figs 3, 4, and 5). Compared to the
untreated adult (Fig. 3a) which shows the intact
cerarius glands near the cuticle, we note a destruction
of tissue glands for the treated adults (Fig 3b). The
cuticle remains intact in places as do the conical

setae.

Regarding the muscle (Fig. 4), we can observe a
disorganization and destructuring muscle tissue
related to the cuticle (Fig. 4a) in the treated adults
compared to the control showing normal transverse

and longitudinal muscle (Fig 4a).

At high magnification, we showed that the salivary
glands was disintegrated (Fig. 5b) compared to the
control (Fig. 5a) over time with a disorganization of
the general structure. The cells become disorganized

from the periphery area to the center in 24h.

Discussion
The application of neem seed powder (Azadirachta
indica) to adults of Rastrococcus invades showed

increasing toxicity following the doses applied.

The mortalities were from 42.92 #+10.57% to

100%+0.04% compared to the control (1.033+0.05%)
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in 24h. However, we only observed 100% mortality
with the 64% (g/ml) dose compared to Seye et al.,
2022 who obtained the same mortality with 36%
(g/ml) on the same species (R. invadens). This

difference would be due to different quality of neem

seeds that were collected in two climatic different
regions or the duration of seed storage as stipulated
by Abdala et al., 2010. However, a lower dose could
have the same effectiveness but for a longer duration

after neem seed application.

Fig. 2. Longitudinal section (head, thorax and abdomen) of untreated adult Rastrococcus invadens (figza) and

treated with neem seed augeous solution (fig 2b) 24 hours after (x40). Cut= cutile, ] m= longitudinal muscle, des.

tissu= destroyed tissue, set= setae.

Furthermore, our results confirm the work of several
authors on the toxicity of neem extracts on insects
(Schmutterer, 1990; Boeke et al., 2004 ; Seye et al.,
2006; Gnago et al., 2010 ; Sané et al., 2018 ; Okolo
and Iledun, 2019). Neem is considered as a biocide
with antifeedant effects, growth inhibition (Sami et
al., 2016), insect reproduction (Adhikari et al., 2020;
Adusei and Azupio, 2022,) or even sterility depending

on the dose (Bajwa an Ahmad, 2012).

However, the work of Tulashie et al., 2021, Seye et al.,
2022 has shown that neem extracts do not have the
same effectiveness on insects depending on the part
of the plant (seeds, leaf or bark). Seed are more

effective than the rest of the plant.

This explains why the oil extracted from neem seed
shows great effectiveness in controlling harmful

insects. The toxicity of the aqueous solution of neem

powder caused 100% mortality in 24 hours. This
toxicity was visualized for the first time on R.
invadens tissues in our present work. Indeed, the
sections on the treated insects showed internal
disorganization in 24 hours. This destruction was also
observed in other exocrine glandular structures and
muscle tissue. Which shows that the toxic substance,
azadirachtin in particular, was able to penetrate
through the cuticle to reach the internal tissues. This
is more likely because the adults of R. invadens only
feed on sap because they are sucking insects. The
product therefore acted by contact and not by

ingestion.

This fact directed us towards tissues other than the
digestive tract unlike other insects which only feed by
ingestion such as mosquito larvae (Ndione et al.,
2005 ; Seye et al., 2006, 2021 ; Bawin et al.,, 2016) or

locusts (Nasiruddin et al., 1993).
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Fig. 3. Histological section of the peripheral zone of untreated Rastrococcus invadens (fig 3a) and treated with

neem extract (fig 3b) 24 after (x1000). Cut= cuticle ; m=m uscle ; con. Set= conical setae ; ser. gl= cerarius gland,

cer. gl. des.= cerarius gland destroyed.

Fig. 4. Histological section of muscle tissue from adult Rastrococcus invadens untreated (fig) and treated (fig)

with neem powder 24 hours later (X400). Long. m= longituninal muscle ; t m= transverse muscle, m. des. =

muscle destroyed, cut= cuticle.

Our work has shown, among other things, a
destruction of subcuticular muscles in particular.
Whereas for non-sucking insects such as locusts,
neem extracts act on the digestive tract through
cellular disorganization (Nasiruddin et al, 1993)

before destroying other internal tissues.

Ont the other and, internal structures resembling

maturing larvae in the abdominal cavity of adult

females are virtually destroyed 24 after treatment
with neem powder. Which would confirm the work of
Adhikari et al., 2020 on the inhibitory effect of neem
products on insect reproduction. However, we were
unable to identify and examine other tissues such as
those of the digestive system, nervous system and
reproductive organs. This would give importance to a
more histological study of the effects of neem on

other tissues or internal organs. What could lead to
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better show the importance of the use of neem
extracts in the control of R. invadens. Hoawever, the

both results in our present works, toxicity and

histological effects, suggest that neem extracts could
be used for integrated management program for
control in rural area.

mango mealybug

Fig. 5. Histological section of adult salivary gland Rastrococcus invadens untreated (fig. 5a) and treated (fig. 5b)

with neem powder 24 hours after (x1000). n= nucleus, sal. gl.= salivary glande ; sal. gl.des.= salivary gland

destroyed ; ep. gut.= epithelial gut.
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