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Abstract

Today the use of plant extracts, in particular essential oils, is a natural alternative to synthetic
insecticides in the fight against crop pests. The purpose of this research is to determine the
chemical composition of the ylang-ylang Cananga odorata (Lam.) Hook. F. & Thomson
leave essential oil and to evaluate on the one hand its ovicidal, larvicidal, insecticidal, anti-
oviposition and insect repellent properties, and on the other hand its effectiveness in
preserving the weight of the grains and the germination power of rice seeds against the
Angoumois grain moth Sitotroga cerealella O., a major pest of rice in Benin. The essential oil
from the leaves of the C. odorata (Lam.) Hook. F. & Thomson was obtained by hydro-
distillation, and analysed by gas chromatography-mass spectrometry (GC-MS). The analysis
showed that the oil contains 32 main compounds, the major ones being o-pinene (7.01%),
lavandulyl acetate (7.19%), caryophyllene (30.33%), a-humulene (13.42%) and germacrene D
(8.99%). Based on the findings of fumigation bioassays, the Cananga odorata (Lam.) Hook.
F. & Thomson essential oil showed high toxicity against adult of the S. cerealella with values
CLs 0f 0.094ul/mL and CLgo of 0.46pul/mL. Similarly, our work has demonstrated that this oil
has ovicidal and larvicidal or egg development retardant properties. It also caused strong
oviposition inhibition activity of more than 97% in female of the S. cerealella O. and

subsequently developed very good repellent or deterrent properties, with an average
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repellence rate of 75.7% against the S. cerealella O. insect. These insecticidal effects
preserved grain weight, with weight losses of at most 0.38% and a paddy rice seed
germination rate of more than 80% at the lowest applied dose of 0.2uLL/mL.The essential oil
from the leaves of the C. odorata (Lam.) Hook. F. & Thomson can be used as an alternative
to modern toxic synthetic chemicals, for protection against this important pest of grains in

storage in Benin.

Keywords: C. odorata, essential oil, S. cerealella, toxicity, insecticide, repellence, rice.

1. Introduction

Food losses during storage due to pest infestation are a major problem in our societies, both in
developed and developing countries, causing significant financial losses (Haff et al., 2004;
Fornal et al.., 2007; Gustavson et al., 2021). Stored cereals are, in fact, a food source for many
insects, mites and fungi that degrade product quality and can be the source of 9 to 20% of net
losses (Phillips et al., 2010). Insect pests play a critical role in a country's food insecurity,
especially in developing countries where losses of agricultural products due to insects can
reach more than 30%. Rice being one of the world's staple foods, it is infested by a wide range
of storage pests including the Sitotroga cerealella (Olivier), Sitophilus oryzae L., S. granarius
L., Ryzopertha dominica F., as well as the Scirpophaga incertulas W. and the Scirpophaga
innotata W. (Ashamo and Akinnawonu, (2012); Sarwar, (2015). Sitotroga cerealella is quasi-
cosmopolitan today, and includes almost the whole Europe, as well as areas as distant as
Australia, Benin, Brazil, China, Indonesia, Japan, Samoa Islands and the United States. This
is due to synanthropic behaviour, which allows it to be easily transported through
international grain trade. It is an insect pest which attacks cereal grains (corn, wheat, barley,
rice, etc.) both in ears in the field and in storages (attics, silos, etc.). Indeed, these
microlepidopteran insects attack rice, an important cereal in Africa, where storage in farmers'
fields and other forms of preservation are increasingly confronted with infestations of
Sitotroga cerealella, which ultimately lead to a reduction in rice farmers’ income, and that of
seed producers and other actors in the rice processing or marketing chain (Seck, D. (1991) ;
Gueye, M. T., et al., (2011). ; Cissokho, et al., (2015). ; Nanfack, et al., (2015) ; Togola, et
al., (2010)). ; Kossou, et al., (1992). Under conditions of heavy infestation, stored produce can
suffer losses of 100% (Mele, 2007). Attacks by the S. cerealella O. lead to a reduction in the

weight of products, a reduction in the germination capacity of seeds and a loss of nutritional
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and commercial value. Currently, stored product insect control relies primarily on the use of
synthetic insecticides and fumigants (Zettler and Arthur, 2000). There is therefore
considerable interest in the development of natural products that are relatively less damaging
to mammalian health and the environment than existing conventional pesticides, as important
alternatives to non-selective synthetic pesticides for controlling pests medically and
economically (Isman, 2000, 2006). The use of herbal insecticides has played an important role
in the traditional method of stockpile pest control in Africa and Asia (Bekele and Hassanali,
2001; Liu et al., 2007). More specifically, essential oils also have interesting properties to
replace synthetic insecticides (Huang Y et al. 2020; Oliveira et al. 2017). The growing interest
in essential oils as an alternative to synthetic pesticides stems from their characteristics
(Compolo et al., 2018). The search for new biologically active molecules against populations
of Sitotroga cerealella explored an Annonaceae grown in Benin. Cananga odorata (Lam.)
Hook. F. & Thomson is a perennial tropical tree that grows natively in Southeast Asian
countries such as the Philippines and Malaysia, and it also occurs naturally in several Pacific
islands, including Australia. Subsequently, it was introduced to China, India, Africa and
America due to its economic importance (Saedi et al., 2006). Ylang-ylang (Cananga odorata
Hook. F. & Thomson) is one of the plants exploited for its flowers on a large scale, the
essential oil of which is an important raw material for the perfume industry. Traditionally, the
leaves of C. odorata are used for its antimicrobial, anti-biofilm, antioxidant, antivectorial,
insecticidal, insect repellent, anti-inflammatory, sedative, relaxing and harmonizing effects on
mood and cognitive performance, spermatotoxic, antihyperglycemic and antidiabetic (Loh
Teng Hern Tan et al., 2015). The present study aims to evaluate under laboratory conditions
some biological activities of the Cananga odorata leaf essential oil on the Sitotroga cerealella

O., an important pest of rice in storage.

2. Material and methodology:

2.1. Plant material and distillation of volatile constituents

The Cananga odorata Hook. F. & Thomson leaves commonly called ylang-ylang were
collected on the campus of Abomey-Calavi, in southern Benin, Atlantic department. They
were identified and certified at the National Herbarium of the University of Abomey-Calavi
whose filing number is YH 738/HNB, and stored in the laboratory between 18 and 20°C away

from direct sunlight throughout the extraction period. The essential oils were extracted by



hydro-distillation of the leaves (450g) for 4 hours using a Clevenger-type extractor according
to the method of the British Pharmacopoeia (British Pharmacopoeia, 1980). The essential oils
were then dried over anhydrous sodium sulphate and analysed by GC/MS. Oil yields were

calculated using the following formula:

Mass of oil (g)
Ef ficiency (%) = . X 100
Plant material mass (g)

The IR841 rice variety selected at the International Rice Research Institute (IRRI) and
introduced to Benin in the 1970s is widely cultivated throughout the country. It is a variety
suitable for both rain-fed lowland cultivation and irrigated cultivation and well appreciated by
producers and consumers for the fragrant aroma of its grain and for its good production yield.
The IR841 rice grains used in our laboratory tests come from a rice field without the addition

of chemical fertilizers or synthetic pesticides.

2.2. Animal material

2.2.1. Insect breeding

The strains of Sitotroga cerealella O. used in mass rearing for this study come from the
WARDA reserve (Benin). At the Plant Production Laboratory of the Faculty of Agronomic
Sciences/University of Abomey-Calavi (Benin), they were reared under optimal conditions
for reproduction and obtaining new generations (T = 29+20C, HR= 70+10%.). Adults from 0
to 24 hours of age from mass rearing are used for the various tests. In addition, one-day-old S.

cerealella eggs were also used in bioassays.

2.2.2. Obtaining Sitotroga cerealella eggs
The S. cerealella O. eggs are obtained from a device whose main element is formed by two
cardboard papers of black colour and of triangular "V" shape (Ellington, 1930). The black
cardboard is chosen to better visualise the eggs which are of whitish or red colour depending
on the age of the eggs. They are held at their bases by a staple and in the middle by glue. The
set of two adjoining boxes is placed vertically in a glass jar so as to orient the base of the
triangles towards the opening of the jar (photo 1). This device will allow the female S.
cerealella O. to introduce her abdomen to deposit the eggs between the slits of the two

adjoining triangles. The number of collection device jars is at least equal to the number of



experimental units to be infested. The eggs are taken (count as you go) using a fine pin so as

not to crush them to be deposited on the different substrates.

Cap

« V » shape black carton

Grains of paddy rice

Photo 1: Device for obtaining the
S. cerealella eggs

2.3. Volatile Constituents Analysis

GC/MS: The essential oils were analysed on a gas chromatograph Hewlett-Packard model
7890, coupled to a Hewlett-Packad MS model 5875, equipped with a DB5 MS column (30m
x 0.25mm; 0.25um), programming from 50°C (5 min) to 300°C at 5°C/min, 5 min hold.
Helium was used as carrier gas (1.0 mL/min); injection was realised in split mode (1:30);
injector and detector temperature were set at 250 and 280°C respectively. The MS operates in
electron impact mode at 70 eV; electron multiplier: 2500eV; ion source temperature: 180°C;
mass spectra data were acquired in sweep mode in the m/z 33-450 range. The identification of
compounds was performed by comparison of mass spectra with mass spectra from libraries
(Pal600 K, Wiley275, and NIST17) and by comparing retention indexes (RIs) calculated with
RIs from the literature. The RIs were calculated following the injection of a mixture of n-
alkanes C8—C30 (Sigma-Aldrich, Darmstadt, Germany) under the same chromatographic

conditions.

GC/FID: The essential oils were analysed on a Hewlett-Packard Model 6890 gas
chromatograph, equipped with a DB5S MS column (30m x 0.25mm; 0.25um), programming
from 50°C (5min) to 300° C at 5°C/min, Smin hold. Hydrogen was used as carrier gas (1.0
mL/min); injection in split mode (1:60); injector and detector temperature, 280 and 300°C

respectively. The essential oil is diluted in hexane: 1/30.



24. Biological tests

The tests were all carried out in laboratory at a temperature of 29 + 2°C, a natural

photoperiod; and a relative humidity of 70 + 10%.

2.4.1. Essential oil fumigation toxicity test on adult Sitotroga cerealella.

The method of Aiboud (2012) used for this test consisted in studying the fumigating effect of
the essential oil of Cananga odorata on the mortality and emergence of young insects of S.
cerealella O. The device consists of glass jars with a volume of 1 litre containing 50g of
paddy rice (Oryza sativa L.) of the variety IR841, cotton with a mass of 0.3 g was suspended
using a wire attached to the internal face of the lid of the jars (figure 1). After cotton
treatments, in each jar ten (10) adult pairs of Sitotroga cerealella O. aged 0 to 24 hours, i.e. 10
males and twenty (20) females from mass breeding, all hermetically sealed. The mortality of
populations of S. cerealella O. exposed to the insecticidal activity by fumigation of the
treatment is observed for 72 hours of exposure time for the five (5) doses applied (0, 0.2, 0.5,
1, 5 uL/mL). The set is arranged in a complete random block device by application mode with
three (03) repetitions. Overall, 5 x 3 x 1= 15 experimental units are set up. The number of
dead individuals was counted after exposure. If no wing or leg movement is observed, the
insect is considered dead. There is, in fact, in any treated population a natural mortality which
is added to the mortality caused by this toxicant, the mortality rates have been corrected by
Abbott's formula. This monitoring of mortality is continued until the death of all the insects.
Then all the insects were separated from the grains. The experimental units were then
observed at regular time intervals (24 h) for the emergence rate of young insects recorded and

counted up to the 50th day after infestation.

Cap
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Figure 1: Device for fumigation tests



2.4.2. Anti-oviposition activity of essential oil of C. odorata on female Sitotroga

cerealella O.

The device used consists of glass jars of 1 litre capacity containing paddy rice (Oryza sativa
L.) variety of IR841, the 0.3 g cotton mass was suspended using a wire fixed to the internal
face of the lid of the jars with the concentrations of (0; 0.2; 0.5; 1 and 3 puL/mL). The control
(or control) was carried out with 96% pure ethanol. Three replicates were performed for each
dose. After 24 hours, a pair (1 male and 2 females) of S. cerealella O. from the farm, aged 0
to 24 hours, is placed on the plant material. In total, 5 x 3 x 1 = 15 experimental units are
implemented for the test. Three (3) days after the counting of the eggs laid (hatched or not) on

the grains and on the wall of the glass jar is carried out using a stereoscopic microscope.

2.4.3. Effect of treatments on egg development

The method of Aiboud (2012) used for this test consisted in studying the fumigating effect of

the essential oil on the evolution of S. cerealella O. eggs.

With these same devices for the fumigation tests, 10 eggs of S. cerealella O. aged 0 to 24
hours are deposited on 50 g of paddy rice. Each of the doses applied, either on the cotton (0,
0.2,0.5, 1 and 3 pL/mL) in three repetitions and the behaviours of the eggs were observed
after 72 h. The grains of rice removed from the jars are placed in a Petri dish in order to be
able to easily count the unhatched eggs under a binocular magnifying glass at a magnification
of 40x then reintroduce into their respective jars and count as the larvae emerge from the
grains treated up to the 45th day after treatment. The following variables were measured: egg
hatch rate after 72h of exposure for each dose of essential oil; emergence rate of young
sitotroga cerealella O. calculation of the viability rate of the larvae; the average development

time of the insect.

The egg hatching rate after 72 hours of exposure for each dose of essential oil

Number of ovums hatched
Rate of bursting of the ovums (%) = x100
Total number of ovums

The emergence rate of Sitotroga cerealella O. up to the 45th day after treatment:

Number of emerged adults
Rate of emergence (%4) = x 100
Total number of ovums

The viability rate of Sitotroga cerealella O. larvae:



Number of emerged adults

Rate of viability of larvas (35) = 100

®
Number of ovums hatched

2.4.4. Repellence tests

The repellent action of plants was tested on S. cerealella O. using an olfactometer (figure 2)

described by Sara Boeke et al., 2002.
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Figure 2: Olfactometer set-up.

At each end of the tube a small pot was placed containing either 10.0 g of paddy rice treated
with ethanol only or 10.0 g of paddy rice mixed with a 0.1% dose essential oil solution, 0.5%
and 1%. Ten (10) 24-48-hour old S. cerealella O. females are released one after another into
the middle of the tube through the hole. The behaviour of the insects is observed and their
position was noted every 15 min. All repellence tests were replicated 5 times for three or four
days with new females for each replicate. The eight volatile extracts were tested once before
the second series. The insects that have made a choice are those that have entered one of the
jars containing the grains of rice or those that have reached the last twenty-five centimetres of
the tube. For those who chose the middle of the tube, more insects made a choice as time

passed. The percentage of insects repelled is calculated according to the following formula:

A+B

Repellence percentage (96) = * 100

A = Average number of insects present in the untreated part (insects repelled)
B = Average number of insects present in the treated part (insects not repelled)

The average repellence rate of the essential oil was calculated and assigned, according to the
previous classification (MC Donald, 1970), to one of the repellence classes ranging from 0 to
V: class O (repellence rate (PR) < 0.1%), class I (PR= 0.1 - 20%), class II (PR= 20.1 - 40%),
class III (PR=40.1 - 60%), class IV (PR = 60.1 - 80%) and class V (PR= 80.1 - 100%).



2.4.5. Estimation of losses after treatment

To assess the damage caused by the insect S. cerealella O. on rice seeds, the grains of the
substrate resulting from the treatments were collected, counted and weighed. The rate of grain
dry matter weight loss was determined according to MCP (Method of Counting and
Weighing) and MSVW (Method of Standard Volumetric Weight) (Panthenius, 1988). Two
damage evaluation criteria are commonly used: the grain attack rate (A%) and the weight loss

rate (B%) (CEEMAT 1988) calculated respectively by the following formulas.

MNa PsNa —PaNs
* 100 BY%= ———
Ma+Ns PsiMNa+Ms)

A% = % 100

2.4.6. Effect of treatment doses on the preservation of the germination capacity of

paddy rice seeds

At the end of the tests, one hundred (100) seeds from each treatment based on the essential oil
of Cananga odorata Hook. F. & Thomson including the controls, are mixed and divided into
two batches of 100 seeds, were placed in Petri dishes the bottom of which contains a
hydrophilic paper soaked in water. This device made it possible to subject the seeds to
germination and to evaluate their germination power. Thus, all the germinated seeds were
counted and the germination rates in the treatments were determined.

The germination rate was calculated according to Ogendo et al., (2004):

Total number of grains germinated

Germination (%) = x 1000%;

Total grain sampled and sown

2.5. Statistical analysis of data

The means of the various parameters studied (with the exception of those recorded at the level
of the olfactometer) were subjected to analysis of variance (ANOVA) using the statistical
analysis software SAS (Version 9.1). The Student-Newman-Keuls test was used to separate

the means. (Dagnelie P., 1975).

Prior to analysis, count data (insect populations, number of eggs laid) were transformed to the
“square root” function to correct for heterogeneity in the error variance (Sokal and Rohlf,

1995; Mcdonalds, 2009). As for the percentage of data (attack rate, weight loss, germination



rate, mortality rate, emergence rate) they have been transformed into the "Root Arcsin"
function for the same reason. The Excel software made it possible to carry out these various
transformations. The masses of the attacked seeds being continuous quantitative data and
respecting the conditions of normalization and equality of variance did not undergo any
statistical transformation. The values of the standard errors were calculated following a
descriptive analysis of the means using SAS software. The results of the statistical tests are
considered to be significantly different when the probability of the null hypothesis is less than

or equal to 5%.

To more accurately assess the efficacy of oil toxicity by fumigation, we calculated the CLso
and CLogo. They were deduced from the regression plot by Finney's method. For this, the

corrected mortality rates are converted into probits.

3. Result and discussion

3.1. Yield and chemical composition of Cananga odorata essential oil

The essential oil yield of Cananga odorata Hook. F. & Thomson leaves (R=0.41%+0.03%)
harvested at Abomey Calavi Campus, Atlantique department, Benin is higher than those
obtained by Jun Cheng et al., (2012) (R=0.12%), China, and Harlinda Kuspradinia et al.,
(2016) (R=0.04%) in Indonesia. The chromatographic analysis of the essential oil extracted
from the leaves of C. odorata Hook. F. & Thomson contains 32 chemical compounds
representing 100% of the weight of the essential oil. (Table 1). These results are a little bit
different from those of Jun Cheng et al., 2012, who found 23 compounds in the leaves of C.
odorata Hook. F. & Thomson in Baoshan city, Yuannan Province in China. This could be due
to the difference in the geographical area of leaf collection or the difference in the soil
composition of the harvesting locations, the harvesting period, the cultural practices and the
extraction technique. The main compounds of the essential oil are a-pinene (7.01%),
lavandulyl acetate (7.19%), caryophyllene (30.33%), a-humulene (13.42%) and germacrene D
(8.99%). Monoterpenoids represent 11 of the 32 compounds, which corresponds to 23.92%
of the whole oil, while 17 of the 32 constituents are sesquiterpenoids (72.08% of the crude

essential oil).



Table 1. Yields and chemical composition of essential oil from Cananga odorata leaves.

Peak | R.T. Name RI Pct Total
1 8.387 | Alpha-pinene 937 7.01
2 8.756 | Camphene 952 0.13
3 9.505 | Beta-pinene 979 3.86
4 9.88 Beta-myrcene 992 0.84
5 10.864 | Limonene 1031 1.09
6 12.709 | Linalool 1100 2.53
7 12.811 | Nonanal 1105 0.28
8 14.041 | Citronellal 1156 0.40
9 14.33 | Benzyl acetate 1168 0.34
10 14.538 | Menthol 1176 0.30
11 14.982 | Beta-fenchyl alcohol 1193 0.19
12 16.474 | Geraniol 1257 0.36
13 17.245 | Bornyl acetate 1289 0.21
14 18.427 | Delta-elemene 1343 1.02
15 18.7 Alpha-cubebene 1355 0.28
16 19.304 | Alpha-copaene 1382 2.19
17 19.416 | Lavandulyl acetate 1387 7.19
18 19.518 | Beta-bourbonene 1391 1.44
19 20.374 | Caryophyllene 1432 30.33
20 20.486 | Gamma-elemene 1438 2.11
21 21.048 | Alpha-humulene 1465 13.42




»  |onsy | 1471 0.35
bicyclosesquiphellandrene
23 21.459 | Gamma-muurolene 1484 0.69
24 21.593 | Germacrene 1490 8.99
25 21.812 | Alpha-muurolene 1501 1.02
26 21.994 | Alpha-farnesene 1510 1.42
27 22.235 | Copaene 1523 0.70
28 22.385 | Delta-cadinene 1530 2.50
29 23.636 | Caryophyllene oxide 1593 2.83
30 24711 | Tau-muurolol 1651 1.80
31 26.936 | Benzl benzoate 1773 3.21
32 28.161 | Beta-bisabolene 1844 0.99
Total 100.02%
monoterpenoids 23.92
sesquiterpenoids 72.08
Others 4.02
Yield = 0.41%=+0.03%

3.2 Adulticidal effects of the essential oil tested against Sitotroga cerealella

Table 2 presents the mortality rates recorded during the biological tests and the emergence

observed according to the doses of essential oil applied.



Table 2: Toxicity caused by fumigation of the C. odorata leaves essential oil

Dose

Mortality (%) Emerged
(ul/ml)
0 7,76x1,11b 404,77+40,76a
0,2 100+0,00a 1,66+0,33b
0,5 100£0,00a 0+0.00c
1.0 100£0,00a 0+0.00c
3.0 100+0,00a 0+0.00c
CV (%) 1,79 6,36
Probability <0001 *** <0001 ***

NOTE: 0: Ethanol treatment corrected with no-treatment control; <0001 *** = very highly
significant difference; The means followed by the same letter are not significantly different at

the beginning of (p>0.05) (Newman and Keuls test)

The essential oil from the leaves of C. odorata Hook. F. & Thomson has fumigant toxicity
against adults of Sitotroga cerealella O. with 100% mortality recorded at the lowest dose of
0.2uL/mL with a complete absence of insect emergence from of the dose of 0.5 puL/mL
compared to the control group with 404 young Sitotroga cerealella O. counted. A highly
significant difference was noted between the treatments. The slight reduction in emergence
rates at low concentrations would result from the manifestation of the ovicidal or larvicidal
effect of the active volatile extract, which would have destroyed the development of eggs or
larvae. However, the low emergences observed during the tests could well come from eggs
probably laid inside the walls of the pots. Regarding the insecticidal activities of the essential
oil, our results corroborate the work of several researchers who have demonstrated the
toxicity of essential oils by inhalation or fumigation against stored product pests (Keita et al.,
2001; Lee et al., 2001 Kim et al., 2003; Shaaya et al., 1997; Thiam, Abdoulaye et al., 2021;
Demeter, Sébastien et al., 2021). In addition, the essential oil from the leaves of C. odorata
Hook. F. & Thomson has been shown to possess antiparasitic properties and could be
considered to have the potential to be developed as a natural fumigant or insecticide for the

control of insects in stored products Jun Cheng et al., (2012). The major advantage of



fumigation is that it facilitates the penetration of gases inside the grain and thus destroys the

developing eggs, larvae and pupae (Benayad, 2008).

Table 3. Essential oil toxicity parameters on adult S. cerealella O. after fumigation.

Chi square
Essential oil n! | ddI? LCsp ® LCoo® Slope + SE X2 Prob.
0.094 0.46
C.odorata 30 1 3.20+1 10.11 0.0015
(0.110-0.173) | (0.289 — 1.076)

+ SE: Standard error of the mean; ddl: liberty level; a: CLso and CLgo pul/ml/L units, applied

for 24 hours at 29°+2.; b: Lower and upper 95% fiduciary limits are shown in parentheses.

To further assess the toxicity efficacy of this oil, we calculated its CLso and CLoo. It is clear
from this table 3 that the essential oil of Cananga odorata Hook. F. & Thomson seems to
have significant efficacy. These results are confirmed by the CLso and CLoo values obtained
from a function of the regression line and which correspond to 0.094ul/ml and 0.46pl/ml
(Table 3). Indeed, the CLso is lower than the first dose (0.2ul/mL), so that the CLoo is

between the first and the second dose.

The insecticidal activity of the ylang-ylang flowers essential oil was also studied by
Phasomkusolsil and Soonwera, (2011) against the three types of adult mosquito species,
including Aedes aegypti Linnaeus, Culex quinquefasciatus S. and Anopheles dirus Peyton &
Harrison with CLso values (CLso = 9.77%, 8.82% and 4.99%) respectively. On the other hand,
Jun Cheng et al., (2012) reported that the essential oil from the leaves of C. odorata (Lam.)
Hook. F. & Thomson showed high contact toxicity against the stockpile pest, Sitopillus
zeamais Motschulsky with an DLso value (DLso= 33.14 pg / adult). The essential oil also
possesses fumigation toxicity against S. zeamais Motschulsky with an CLso value (CLso =
14.77 mg/L) and overall showed potential for contact and fumigation toxicity against grain
storage insects. This same study also showed that linalool, which is a competitive
acetylcholinesterase inhibitor, could be the active component that explains the insecticidal

activity of C. odoratca (Lam.) Hook. F. & Thomson essential oil.
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3.3. Evaluation of the anti-oviposition activity of the essential oil of C. odorata

on the female of S. cerealella

The table 4 presents the effects of fumigation with Cananga odorata (Lam.) Hook. F. &
Thomson essential oil on the oviposition capacity of S. cerealella females on its preferred

host, paddy rice

Table 4: Eggs hatching rate of Sitotroga cerealella O according to the essential oil doses.

Dosage (uL/mL) Eggs hatching rate +SE
0 53.33+9.29a
0.2 0.66£1.15b
0.5 0.0+0.00b
1.0 0.33+£0.57b
3.0 0+0.00b
CV (%) 23.70
Probability <0.001%**

NOTE: 0: Ethanol treatment corrected with no-treatment control; <0001 *** = very highly
significant difference; The means followed by the same letter are not significantly different at

the beginning of (p>0.05) (Newman and Keuls test)

A drastic decrease of 98.76% in the oviposition rate of females was noted for the fumigation
treatments for the lowest dose 0.2uLL/mL compared to the control which recorded an average
oviposition rate of 53.33 eggs. Egg-laying activity was totally inhibited in females from a
dose of 0.5uL/mL. There is a highly significant difference (p<0.001) between the effects of
the treatment doses on lay and are statistically different (p<0.001) from the control. We
therefore observed a significant reduction in the number of eggs laid by the females during
and/or after their exposure to the various essential oils compared to the control at the various
doses. Cananga odorata essential oil remains more active on females, inhibiting their egg-
laying by more than 90%. The reduction in egg laying observed in females of sifotroga
cerealella O in the presence of essential oil would probably also be linked to the early death
of some females or to the morbidity observed in some. Indeed, Soonwera, (2015)

demonstrated the interesting deterrent effect of C. odorata (Lam.) Hook. F. & Thomson oil on



oviposition with an effective repellence value of 100% against the female housefly to
undertake oviposition at both concentrations of 1,65 uL.cm? and 3,30 pL.cm?. The inhibition
of egg laying by S. cerealella O females could also be linked to a disruption of egg laying due
to the volatile effect of the essential oil. This proves that the essential oil of C. odorata (Lam.)
Hook. F. & Thomson would cause the retention of eggs by physical inability to lay eggs in
females of this species of Lepidoptera. Moreover, the physiological disturbance induced by
the volatile extract in insects has also been mentioned by Séri-Kouassi, (2004), Ketoh, (1998)
and El-Nathal et al., (1994). The same is true for the work of Javaid and Poswal (1995) on the
effect of clove powder on adults of C. maculatus Fabricius. However, it is worth emphasizing
the theoretical value of these figures. Indeed, between what is done in jars and what happens

in intensive farming, many factors can intervene which are not examined in this work.

34. Ovicidal and larvicidal properties of C. odorata essential oil

The table 5 presents the results of the effect of fumigation treatments according to dose on

egg development on paddy rice.

Table 5: Eggs hatching rate, adult emergence and larval viability rates under the effect of

essential oil fumigation on paddy rice.

Dose Eggs hatching rate Emergence Viability of Duration of cycle
of the insect,
(L/mL) (%) (%) farvae (%) (ovum to the adult)
0 86.66+3.33a 73.33+3.33a 84.61+5.77a 25.66+1.52
0.2 3.33+3.33b 3.33+3.33b 100+3.33a 34.33£1.15
0.5 3.33+3.33b 3.33+3.33b 100+3.33a 40,66+1.6
1.0 0+0.00b 0+0.00b 0+0.00b -
3.0 0+0.00b 0+0.00b 0+0.00b -
Note: -: total absence of emergence of adult S. cerealella in the test; NOTE: 0O: ethanol

treatment corrected with the control without treatment; The means followed by the same letter

are not significantly different at the beginning of (p>0.05) (Newman and Keuls test)




There was a significant difference (p<.0001) between the oil application rates for the
parameters measured. C. odorata essential oil significantly reduced egg hatch rate to 100%
from the lowest applied dose of 0.2uL/mL. This shows the ovicidal effects of the essential oil
which were very remarkable. The emergence rates recorded in this test reveal the larvicidal
effects of the essential oil of C. odorata (Lam.) Hook. F. & Thomson which killed 80% of
emerging larvae for the low doses in the case of this treatment. It should be noted that from
the high doses 1uL/mL, 3uL/mL, we found that the oil completely inhibits the hatching of
eggs and the emergence of young adults of Sitotroga cerealella O, and led to an extension of
the development cycle of the insect about nine (9) days to fifteen (15) days longer than the
control for low doses of essential oil application. Such a reduction in the emergence rates
would result from the manifestation of the ovicidal or larvicidal effect of the volatile extract
which would have annihilated or prevented the development of the larvae. Calculated
viability rates show that the essential oil controlled egg hatch better than larval hatch. Similar
observations were made by Loh Teng, et al., 2015 on mosquitoes who found that 10% C.
odorata flowers essential oil in soybean oil showed high ovicidal activities against three
mosquito species tested. Likewise, his studies have shown that the essential oil of Cananga
odorata (Lam.) Hook. F. & Thomson has ovicidal properties against several species of

mosquitoes.

3.5. Repellence effect of the essential oil tested

The repellence rates for the different doses of Cananga odorata (Lam.) Hook. F. & Thomson

leaf essential oil are summarized in table 6

Table 6: Rate (%) of olfactometer repellence of the essential oil of C. odorata leaves on adult

Sitotroga cerealella

Repellence rate (%) (xSD)

Dosage (%) C. odorata
0.1 59.549.46
0.5 75.5+8.74
1.0 92+10.95

Mean (£SD) 75.7+3.,87

Classe of repellence v




The different doses of essential oils (0.1%, 0.5% and 1.0%) caused a rate of 59.5%%9.46%
repellence; 75.5%+8.74%; 92%+10.95%. This clearly shows that the repellence rate increases
with dose. The average repellence is 75.7%+3.87% and belongs to repulsion class IV
according to the classifications of MC Donald et al., 1970. These results corroborate those of
Kaballero-Gallardo et al, (2011), Olivero -Verbel, et al., (2013), who showed that essential oil
from C. odorata leaves has repellent activity against Tribolium castaneum Herbst, a red flour
beetle that is known to be the pest associated with stored products, thus protecting stored
products from insect damage. Indeed, in this study, C. odorata leaf essential oil was found to
have the strongest repellent effect against 7. castaneum Herbst at a concentration of 5 uL. per
gram of oats compared to other essential oils tested in the study. Other authors such as
Olivero-Verbel et al., (2013); Caballero-Gallardo et al (2011) also demonstrated that C.
odorata essential oil showed the highest repellence rate of 98% at 0.2 pg.cm-2 after the two
exposure times of 2 and 4 hours against 7. castaneum Herbst, which suggests that it can be
considered as excellent candidates for natural repellents. In addition, other studies have
indicated that the Cananga odorata (Lam.) Hook. F. & Thomson essential oil possesses some
degree of repellent activity against adult A. aegypti Linnaeus, A. dirus Peyton & Harrison and
C. quinquefasciatus S. mosquitoes Fradin and Day, (2002), Soonwera et Phasomkusolsil,
(2014, 2015). Most of the studies listed above have indeed shown that C. odorata (Lam.)
Hook. F. & Thomson essential oils have demonstrated good repellent properties against
different insect species, in this case against post-harvest insect pests. Based on these results,
C. odorata (Lam.) Hook. F. & Thomson oil has repellent activity against a major rice pest in

Benin. It can therefore be a safer alternative to modern toxic synthetic chemicals.

3.6. Effects of essential oil doses on paddy rice grains weight preservation
The table below shows the rates of attack and weight loss caused by the S. cerealella insect

populations on rice seeds from essential oil treatments.

Table 7: Rates of attacked rice (A) and weight loss (B) caused by the C. odorata essential oil

in the fumigation method.

Dose A (%) B (%)
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(ul/mL)

0 25.44+0.93b 20.31+0.28b
0,2 0.45+0.02¢ 0.3+0.03c
0,5 0.3£0.01c 0.1+0.01c
1.0 0.01£0.0c 0.00+0.00c
3.0 0.0£0.00c 0.00+0.00c
CV (%) 6.90 3.02
Probability <0001 %*** <0001 #**

NOTE: 0: Ethanol treatment corrected with the control without treatment; <0001 *** = very
highly significant difference; The means followed by the same letter are not significantly

different at the beginning of (p>0.05) (Newman and Keuls test)

At the end of the biological tests, the attack rates and the weight losses recorded at the level of
the treatments are at most, respectively 0.45% and 0.3% compared to the control where the
insects caused up to 25% of the attacks on the grains for an estimated 20% weight loss. No
losses were recorded for the highest doses of this fumigation treatment. This activity of the
essential oil of the C. odorata leaves observed which would have preserved the weight of rice
grains subjected to the infestation of Sitotroga cerealella O adults can be due to the ovicidal,
larvicidal or insecticidal or anti-feedant activities of the rice essential oil whose main
compounds of the volatile extract, would have acted alone or in synergy with other minor
constituents in the preservation of the weight of rice grains during all the time of

experimentation.

3.7. Effect of essential oil on preservation of germination power of paddy rice

seeds

The figure 3 shows the graph illustrating the percentages of germinated paddy rice grains

according to the different doses of essential oil.
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Figure 3: Rice germination rate per fumigation according to the essential oil doses

Note: ethanol treatment corrected with the control without any treatment. The means followed
by the same letter are not significantly different at the beginning of (p>0.05) (Newman and
Keuls test).

For the grains resulting from the fumigation treatments, it is observed that the essential oil of
Cananga odorata (Lam.) Hook. F. & Thomson preserved the germination power of the
infested paddy rice seeds. The germination rate recorded at the lowest dose was greater than
80% and reached 99% at the highest dose of 3ul/mL. In all cases, the germination rates
recorded with the treatments are much higher than the germination rates recorded with the
control, which was 41.66% and the germination rates of 80% recommended by the National
Agricultural Research Institute of Benin. Indeed, according to the statistical analysis of the
data, there is a highly significant difference (P<0.001) between the germination rates
according to the dose. Germination tests showed that plant material tested against S.
cerealella had no visible negative effects on seed germination ability. Similarly, according to
Ketoh et al., (2002) and Glitho et al., (2008), the presence of residues in treated seeds does not
affect their germination capacity. Contrary to the present results, some oils may be

phytotoxic Werrie, Pierre-Yves et al, (2020). the study by Paranagama et al. (2003) showed



that treatment with C. citratus oil reduced the germination capacity of paddy compared to the
uninfested lot. All the biological tests have confirmed that the treatment of this cereal with the
Cananga odorata leaves essential oil can be very effective in the control of this predatory pest
of rice in hot countries of the world and corroborate the results of other authors such as than
Vincent et al., (2000); Vincent et al., (2003); Regnault-Roger et al., (2008); Philogene et al.,
(2008); Togola et al., (2010); Ashamo et al., (2012); Cissokho et al., (2015); Compolo et al.,
(2018); Thiam et al., (2021); Demeter et al., (2021) who highlighted the biological activities

of essential oils in the protection of foodstuffs in storage.

Conclusion

The composition of the essential oil derived from the C. odorata leaves was determined by
GC-MS. The study demonstrated that the essential oil from the C. odorata leaves exhibits
high fumigation toxicity against Sitotroga cerealella O at different stages of development and
also exhibits low phytotoxicity to germinated rice grains, reducing pest insects’ attacks and
preserving their weight. These results suggest that the essential oil from the C. odorata leaves
has potential for development as a new natural insecticide/fumigant for the preservation of
stored products. However, for the practical use of the essential oil, additional studies are
necessary for the research among others, on the encapsulation of the oil for a slow release, on
its mode of action on the insects, on the formulation of a quality bio-pesticide to improve the
efficacy and stability of the product and finally on the harmlessness of this essential oil for

humans.
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