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ABSTRACT

Potato whitefly, Bemisia tabaci (Genn.), is one of the most common insects that injure potato plants
affecting the quality of potato production in Egypt. In the present study, open field experiments were
conducted to study the seasonal population fluctuation of whitefly (Bemisia tabaci, Genn.) nymphs and
adults on potato (Solanum tuberosum L.) during two seasons 2021 and 2022 in the Qalubia Governorate
(Egypt), under protected conditions and its correlation with the environmental factors: temperature
(maximum and minimum), relative humidity, wind speed, and precipitation were observed. Also, the
toxicity of different essential oils (EOs) namely camphor oil (Cinnamomum camphora), citronella oil
(Cymbopo gomnardus, L), geranium oil (Pelargonium graveolens L.), eucalyptus oil (Eucalyptus
globulus L.), Marjoram (Origanum majorana) and thyme oil (Thymus vulgaris L.) were examined
separately and as mixtures with chitosan against both B. tabaci, nymphs and adults. These were
compared with imidacloprid as a positive control. The population fluctuation study of B. tabaci showed
the highest mean number of adults recorded at 1.13 adults/plant and 1.1 adults/plant on November 12,
2022. While the nymph population was 2.21 nymphs/plant on November 19, 2021, and 2.413
nymphs/plant in 2022. Adult and nymph populations showed a continuous decrease until December.
There was a significant correlation between the B. tabaci population (nymph and adult) and wind speed,
relative humidity, and precipitation during the 2021 season. In contrast, during the 2022 season, the B.
tabaci population (nymph and adult) significantly correlated with all examined environmental factors,
except for precipitation levels. Also, the study tested essential oils EOs, chitosan (Ch), and their mixtures
on potato plants for their effectiveness against B. fabaci infestation. Results showed the tested emulsions
had a slightly lower efficacy than the conventional synthetic insecticide, Imidacloprid, in controlling B.
tabaci on potato fields. Thyme and citronella were the most effective in reducing B. tabaci adult
populations, followed by camphor and geranium. The highest reduction percentage was caused by
(thyme+Ch). Foliar spray of thyme, citronella, and camphor showed similar efficacy on B. tabaci
nymphs. The (EOs+Ch) mixture was more effective than the EOs. Chitosan enhances the durability of
essential oil emulsions and improves their adherence to leaf surfaces. Thyme and citronella oils
effectively reduced B. tabaci adult populations, followed by camphor and thyme. Combining chitosan
with thyme or citronella oils enhanced their effectiveness against B. tabaci adults.

Keywords: potato plant, Bemisia tabaci, population fluctuation, environmental factors, essential oils,
chitosan

1. Introduction

Potato (Solanum tuberosum L.) is a modified underground swollen stem belonging to the family
Solanaceae and native to South America. Potato rank as the fourth most important food crop, following
rice, wheat, and maize. Also, it is one of the most significant food crops in the world and a perennial
herb due to its superior value (Chau et al., 2023). In 2022, the FAO reported a global potato production
of 375 million tons, with Egypt contributing 6.1 million tons (FAOSTAT, 2022). Potato production
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suffers globally because of plant damage caused by different pests at different stages of the growth
process. Ensuring the sustainability of potato production is a significant challenge for agricultural
professionals worldwide. (Kroschel et al., 2020). Amongst the sap-sucking insect pests damaging this
crop, the whitefly, B. tabaci (Hemiptera: Aleyrodidae), a highly polyphagous insect pest, has become
serious, causing heavy losses during certain years (Perring et al., 2017; Perera and Senanayake, 2023).
The high population of B. tabaci can remove significant amounts of phloem sap, reducing plant vigour.
B. tabaci damage can occur in two ways: First, plant vitality is lowered through the loss of cell sap, and
normal photosynthesis interferes with sooty mould growth on the honeydew excreted by B. tabaci. may
also damage honeydew, reducing plant vigilance (Bohata et al., 2024). Different groups of insecticides
have been recommended for the control of B. tabaci. Previous research has evaluated insecticides that
are less toxic and more environmentally safe for controlling B. tabaci. In recent years, there have been
significant advancements in insect control through innovative methods that decrease the reliance on
synthetic pesticides. (Naveen et al., 2017; Amour et al., 2023). EOs used in insect pest management
show promise as a sustainable and environmentally friendly alternative, particularly in the absence of
safe options. EOs are known for their low toxicity towards non-target organisms, such as natural enemies
and pollinators (Kumar et al., 2022). Researchers have found that certain essential oils have insecticidal
and repellent properties that can effectively control several Hemiptera (Saad et al, 2017; Wagan et al.,
2022; Li et al., 2022). Research has indicated that certain plant oils may have limitations due to poor
stability and water solubility, which can hinder their effectiveness as insecticides in field conditions
(Campos et al., 2019). To address this challenge, researchers are exploring ways to enhance the efficacy
of EOs by developing more efficient formulations (Sharifian et al., 2015; Hashem et al., 2018; Massoud
et al., 2018).

Chitosan is an amino polysaccharide found in nature and can be extracted from various sources,
including crustacean and insect exoskeletons and fungal cell walls. It is one of the most abundant
polysaccharides found in nature (Huq et al., 2022). Indeed, chitosan has been recognized for its potential
as an alternative to traditional pest control methods. It possesses insecticidal and antimicrobial properties
that make it effective in managing pests (Rajkumar et al., 2020).

Chitosan's ability to inhibit the growth of certain microorganisms and repel or disrupt the life cycle
of insects has made it a promising option for pest control applications. However, it is important to note
that further research and development are still ongoing to fully explore and optimize its effectiveness in
this regard (Rajkumar et al., 2020; Keppanan et al., 2024). Chitosan-treated essential oil emulsions show
promise in reducing pest populations and reducing crop damage. To develop effective and sustainable
management strategies for controlling B. fabaci as a vector of viruses, it is crucial to comprehend its
population fluctuation with the prevailing climatic factors in the regions (Pathania et al., 2020).

The study aimed to investigate the population fluctuation of B. tabaci in potato plants. Also, mixing
chitosan with essential oil emulsions could enhance their stability, longevity, and adhesion to leaf
surfaces. This approach offers a viable alternative to chemical pesticides, reducing environmental impact
while promoting safer farming practices.

2. Material and Methods.

Two Experiments were carried out under field conditions on potato. Plants cultivated at mid-
September (Nili plantation), on French Spunta variety during season (mid-September, October,
November, December and Jan) months during two growing seasons of potato (2020-2021) and (2021-
2022). All field experiments were carried out in Qalubiya Governorate (EL-Qanater Research Station
Farm) Horticulture Research Institute, ARC, Egypt, is located at latitudes 30° 11" 38.90"'N and longitude
31° 6’ 56.10"E. Qalubia Governorate.

2.1. Population fluctuation
2.1.1. Seasonal incidence of B. tabaci

The experiment’s design was arranged in a randomized complete block with three replicates; there
were 18 plots; each plot area was measured at 18 m2 and divided into three rows, each 6 m long and 3
m wide. Potato tubers were deepened inside the row, each row at a 30 cm distance. The total cultivated
area was 350 m2. The distance between each tuber was 30 cm. Weekly observations on B. tabaci, adults
and immature were conducted on potato plants, Number of leaves Samples of (10 leaves per plant) from
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Upper - medium - low were chosen randomly early in the morning before the whitefly adults tend to be
more active, (Gameel, 1973).

2.1.2. The environmental factors

The effects of maximum temperature(°C), minimum temperature (°C), relative humidity (%), wind
speed (m/s) and precipitation (mm/day) on the population density of B. tabaci were investigated during
two consecutive seasons (2020-2021) and (2021-2022). On the other hand, the obtained values of the
five environmental factors were taken as independent variables (x), i.e., mean maximum temperature
(x1), mean minimum temperature (x»), mean percentage of relative humidity (x3), wind speed (x4), and
precipitation (xs). The correlation coefficient (r) was worked out between the incidence of B. tabaci and
important environmental factors during the period to determine the weather's influence on population
fluctuation. environmental factors were collected from automated weather stations in the Central
Laboratory for Agricultural Climate, which was allocated to the experimental sites at the Agricultural
Research Center, Giza, Egypt.

2.2. Evaluation of some bio-insecticides against B. tabaci

Different essential oils (EOs), namely camphor oil (Cinnamomum camphora), citronella oil
(Cymbopo gonnardus, L), geranium oil (Pelargonium graveolens L.), eucalyptus oil (Eucalyptus
globulus L.), marjoram (Origanum majorana), and thyme oil (Thymus vulgaris L.), were purchased from
the National Research Center, oils extract unit, Cairo, Egypt. The EOs were examined separately and as
mixtures with chitosan. Chitosan obtained from shrimp shells polysaccharide (B-1.4-Glucosamin) Low
MW (1987 g/mol) were purchased from BIOTECH co., LTD. Dokki, Giza. Egypt. These were compared
with imidacloprid, a positive control. Imidacloprid (Suncloprid® 35% S.C.) obtained from El-Nasr
Company for Intermediate Chemicals, Giza, Egypt.

2.2.1. GC-MS analysis

The chemical analysis of the essential oils under studied (camphor, citronella, geranium, eucalyptus,
and thyme) were analyses according to (Mohareb et al., 2023) using a GC-TSQ mass spectrometer
(Thermo Scientific, Austin, TX, USA) with a direct capillary column TG-5MS (30 m x 0.25 mm film
thickness). By comparing the mass spectra of each peak to those in the library, the components were
identified on their retention time, and the mass spectra were compared with those of the Wiley 09 and
NIST 14 mass spectral databases (Stein, 2014).

2.2.2. Chitosan (Ch) characterization

Fourier transform infrared (FTIR) spectroscopy was used to identify the chemical structure of
Chitosan polysaccharide. The FTIR spectra of the membranes were measured with a Jasco FT/IR6200
spectrophotometer. The spectra were the average of 50 scans recorded at a resolution of 4 cm™ in the
range from 4000 to 500 cm™. Burker tensor 37 spectrometers were used in this identification in the range
of 400-4000 cm™ using the technique of KBr pellet as 1.0 mg of samples was added to 100 mg KBr
pressed, then exposed to infrared radiation (Wu et al., 2012; Guo and Chen, 2014).

2.2.3. Preparation of chitosan solution, essential oils emulsion and their mixtures

Chitosan solutions were prepared from 2.0 g of chitosan and dissolved in 100 ml of sterile water
containing 0.5 ml (v/v) glacial acetic acid. The mixture was dissolved using an overhead 40 °C stirrer at
6000 rpm for 30 minutes. The pH of the solution was 5.3, adjusted to 5.6 by adding either IN NaOH or
IN HCI depending on the pH reading, using a digital pH meter (Madushani et al., 2014; Zahid et al.,
2015), and completed to 1 L with water. Emulsion formation oil in water emulsion was prepared
according to (Sugumar et al., (2015) with little modification. It was prepared in a ratio of 1:1 v/v using
essential oil (3%), tween 80 (3%), and water (94%). The emulsions were prepared by stirring at 6000
rpm for 30 minutes and completed with 1 L of water. Chitosan solution was mixed with essential oils
emulsion in an equal ratio (1:1), according to Essa et al. (2019) and then was homogenized using
magnetic stirring at 6000 rpm for 10 min.
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2.2.4. Field experiments of the tested bio-insecticides

According to standard agricultural practices, the experiments were designed as randomized complete
blocks of 13 plots (each treatment replicated three times). The treated plots were separated from each
other by untreated rows as a barrier to prevent overlapping treatments. A knapsack sprayer (20 litres)
was used, filled with the prepared concentration just before each treatment. The data were compared
with imidacloprid, a positive control. Imidacloprid was applied at a rate of 75 g/100 L in water. Also,
compared with the untreated plot as a negative control.

2.2.5. Sampling methods

Observations on the incidence of B. fabaci were made on the five randomly selected and tagged
plants and transferred into paper bags to examine the nymph of whitefly by the stereomicroscope.
Inspection of plants was carried out before spraying (zero time) and after 3, 5 and 10 days after
application in both the sprays. The data obtained were computed for mean reduction percentage.

2.3. Statistical analysis

Population data of B. tabaci (nymphs and adults) and multiple environmental factors, viz.,
maximum, and minimum temperatures, the percentage of relative humidity, precipitation, and wind
speed was subjected to statistical analysis to calculate the coefficient of correlation and regression as
calculated by Senedcor and Cochran (1967). The data of controlling B. tabaci were subjected to
investigated by the significance of mean differences between treatments and controls was compared
statistically using analysis of variance (split-plot-plot ANOVA) at the 0.05% probability level, with
individual pairwise comparisons using Tukey’s multiple range tests at a 95% confidence level via Co-
Stat software.

3. Results
3.1. Population fluctuation of B. tabaci during 2021 and 2022

The population of B. tabaci, including both nymphs and adults, infesting potato plants was recorded
during the autumn of 2021 and 2022. This study investigated population fluctuations and their
relationship with various environmental factors, such as maximum temperature, minimum temperature,
relative humidity, wind speed, and precipitation. B. tabaci were the first detected in the fourth week of
October for each season, two weeks after the opening of the first potato leaf. The mean numbers of
nymphs per plants were 0.096 and 0.08 in 2021 and 2022, respectively, whereas the mean numbers of
adults per plants were 0.18 and 0.2, respectively. On November 12, 2022 the maximum mean number
of adult B. tabaci populations was 1.1 adults/plant and on November 19, 2021, the maximum mean
number of adult B. tabaci populations reached 1.13 adults/plant. The whitefly nymph population reached
apeak of 2.21 nymphs/plant on November 19, 2021, and 2.413 nymphs/plant in 2022. Adult and nymph
populations showed a continuous declining trend. Until December, nymph populations decreased to 0.80
and 0.73 nymph/plant during the two studied seasons, and adults decreased to 0.56 and 0.61 adults/plant
on December 24, 2021, and 2022, respectively (Figure 1A, B, C, D, and E). Environmental factors for
the 2021 season (wind speed, relative humidity, and precipitation) are effective, but the maximum and
minimum temperatures have not been affected. The weekly densities of the nymph and adult populations
increased during the second fortnight of November 19, 2022, reaching a peak of 2.1 and 1.15
leaves/week. Relative humidity is 77.00% (Figure 1C), wind speed is 5.61 m/s (Figure 1D), and total
daily precipitation is 7.00 mm (Figure 1E).

The 2022 season's environmental factors (maximum temperature, minimum temperature, wind
speed, and relative humidity) were deemed effective factors in B. tabaci population fluctuation, while
the amount of precipitation had no effect. During the second two weeks of November 19, 2022, nymph
and adult population weekly densities increased until they peaked at 2.41 and 1.13 leaves/week,
respectively. The maximum temperature recorded that day was 28.25°C (Figure 1A), the lowest was
12.00°C (Figure 1B), the relative humidity was 69.44% (Figure 1C), and the wind speed was 1.13
meters/second (Figure 1D).
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Fig. 1: Population dynamics of B. tabaci (mean £SE) on potato plants in Qalubi Governorate, Egypt in 2021 and 2022 with (A) maximum temperature, (B)
minimum temperature, (C) relative humidity, (D) wind speed, and (E) precipitation
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The correlation coefficient was non-significantly positive between the B. tabaci population and
maximum temperature for the nymphal and adult populations during 2021 but significantly negative
with r = 0.683* and r = 0.682* for the nymphal adult population during 2022 (Table 1).

Table 1: Correlation coefficient of whitefly population on potato with weather parameters during years
2021 and 2022.

Correlation Coefficients
Weather parameters 2021 2022
Nymphs/ leaf Adults/leaf Nymphs/ leaf Adults/leaf
r P value r P value r P value r P value
Maximum temperature(°C) 0.046 0.905ns  0.002 0.994ns 0.683  0.0423* 0.682 0.0427*
Minimum Temperature (°C) 0.058 0.88Ins 0.013 0.97ns -0.673 0.0468* -0.649 0.058ns

Relative Humidity (%) 0.741  0.022* 0355 0.348ns 0.750 0.0199* 0.719 0.0288*
wind speed (m/s) 0.898 0.001*** -0.709 0.032* -0.769 0.0152* -0.795 0.104*
Precipitation (mm/day) 0.771  0.015%* 0.423 0.255ns -0.237 0.5388ns -0.163 0.674ns

*Significant at 0.05% level of significance.

The minimum temperature also showed a non-significantly negative correlation with both
populations during the first year, but the correlation was statistically significant (r =-0.673* and -0.649%)
for the nymphs and adults populations during the second year, respectively. The relative humidity
showed a positive correlation (r = 0.731) with nymphal. The relative humidity exhibited a positive
correlation (r = 0.750 * and 0.791 *) with the nymphal and adult populations during 2022. Nymph
populations had a highly significant positive correlation with wind speed (r = 0.898. Both nymphal and
adult populations showed significant negative correlation with r = 0.769* and r = 0.795* in 2022.
Precipitation does not exhibit any effect on nymphal and adult populations in the two studied seasons,
except with nymphs being significantly positive (r = 0.771%) in 2021.

Regression studies of the B. tabaci population with environmental factors, viz., maximum
temperature, minimum temperature, relative humidity, wind speed, and precipitation, were worked out
(Table 2) with R, values of 0.537 and 0.650 for the nymphal and adult populations, respectively, for the
year 2021. but the R, values of nymphal and adult populations increased to 0.969 and 0.951, respectively,
during 2022. The R; values indicated that environmental factors contributed actively to the population
fluctuation of whiteflies on potato plants especially during season 2022.

Table 2: Regression equation of whitefly population with weather parameters during years 2021 and

2022.
Whitefly 2021 2022
population Regression equation R Regression equation R2
Y1=0.125+0.043X,-0. 133 X2-004X 5+ Y=-3.245+0.173X,-0. 237X, + 0.043%;
Nymphs ) s35%, 10.044Xs 0337 10.131X4-0.026X; 0.969
Y>=0.310+0.075X,-0.090X; +0.011X; Yo=1.112+0.076X1-0.073X> +0.013X5
Adults 5 158X ,+0.103X;s 0650 1 ).008X++0.009Xs 0.915

Y 1= Whitefly nymph per leaf; Y2= Whitefly adults per leaf;, X 1= Maximum temperature (0C); X2= Minimum temperature
(0C); X3= Relative humidity (%); X4= wind speed (m/s); X5=Precipitation (mm/day).
P<=0.05
3.2. Chemical composition of essential oils

The tested essential oils (thyme oil, geranium oil, citronella oil, marjoram oil, and camper oil) were
identified by GC-MS. The main constituents of each of them are shown in (Table 3). With many
oxygenated monoterpenes and sesquiterpene derivatives of essential oils, thyme oil has 15 components
that were characterized, representing 99.72%. The main components were (+)-linalool (26.50%),
myrcene (15.67%), thymol (13.76%), and 1,8-cineole (11.94%). Geranium oil had 13 components, with
citronellol (28.99%), geraniol (14.8%), and selinenol (9.69%) being the predominant components.
Citronella oil contains 10 components. The main components were E-citral (39.5%), Z-citral (37.17%),
and p-cymene (17.5%). Marjoram oil had 13 components: terpinen4ol (30.93%), thuyan-4-ol (12.30%),
and ¢Terpinene (11.96%). Camper oil's main components were: 1-p-Menthol (37.24%), 1,8-Cineole
(27.78%), and Monoelaidin (13.39%).
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Table 3: Chemical component (%) of thyme, geranium, citronella, marjoram, and camper essential oils

Components Thyme Geranium oil Citronella oil Marjoram oil Camper oil RT
oil % % % % % (min)
A-camphene 0.45 5.20
3-Methyl-apopinene 5.87
alpha-Terpinene 4.53 1.19 0.50 7.69 19.78 6.37
Tetrahydro-m-cresol 6.49
Camphene 0.06 6.81
Sabinene 0.69 3.82 7.28
Menthen 0.96 7.80
Trans-Carane 7.95
4-Myrcene 15.67 0.69 8.08
Alpha-Pinene 1.07 10.18 8.11
alpha-Phellandrene 0.63 8.53
B-Pinene 2.03 0.13 8.96
1H Pyrazole, 1 vinyl 1.12 9.23
p-cymene 2.26 17.15 3.39 9.27
1,8-Cineole 11.94 5.97 27.78 9.45
p-cis-Ocimene 0.52 0.07 9.98
¢-Terpinene 0.13 11.96 5.09 10.35
1,2-Oxolinalool 0.06 10.91
linonene 8.10 3.06 11.27
(+)2Carene 0.47 11.29
(+)-Linalool 25.50 8.49 1.02 9.40 0.21 11.79
Menthone - 11.94
exo-Fenchol 0.15 12.33
1-Terpinenol 0.40 12.95
Isopinocarveol 0.40 13.16
Isoborneol 0.24 14.05
Terpinen4ol 6.31 30.93 0.64 14.29
thuyan-4-ol 12.30 14.14
1-p-Menthol 0.75 37.24 14.86
Camphene 2.34 15.02
Isocitral 2.40 15.84
Thymol 13.76 15.92
trans-Verbenol 1.75 16.02
Menthol - 16.07
Cyclohexanone, 5-methyl-2-(1-
methylethyl)-, cis- 6.92 16.12
Carvacrol 2.47 16.71
Citronello 28.99 18.59
Pulegon - 18.61
Z-Citral 37.17 18.91
linalyl acetate 3.45 18.99
Geraniol 14.8 19.45
methyl eugenol 1.97 19.56
Citronellyl formate 9.60 19.93
E-Citral 39.10 19.95
p-bisabolene 1.95 20.43
Longifolene 0.08 0.24 20.69
Geranyl ethanoate 421 20.80
Germacrene-d 1.99 26.2
Caryophyllene 0.81 1.59 2.87 0.06 26.40
Cubenene 1.40 27.45
Selinenol 9.69 30.45
N Hexadecanoic acid 0.88 33.07
13-Octadecenoic acid 0.66 33.50
-(-)trans-Myrtanyl acatate 0.93 34.05
Z-(13,14-Epoxy) tetradec-11-en-1- 083 34.14
ol acetate
Carane 0.23 34.29
Monoelaidin 13.39 34.38
Octadecanoic acid 0.98 34.94
alpha-Linoleic acid 0.59 35.13
Benzyl oleate 0.16 35.26
Heptacosane 0.78 35.45
Octadecanedioic acid 0.22 35.77
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3.3. Chitosan Fourier transform infrared (FTIR) spectroscopy.

FTIR analysis for chitosan is shown in (Figure 2) which confirms the presence of different organic
and inorganic groups. The spectra have characteristic bands for chitosan. FTIR spectrum of chitosan
showed eight functional groups of O-H, N-H, C-H, N = C-N, N-H, N-H,, C-H, C-0, and C—H which
showed respective absorption bands viz., 3433-3259, 2923,2151-2360, 1656, 1566, 1405, 1322, 1156-
1069-1028, and 894cm ™"
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Fig. 2: FTIR spectra of chitosan.

3.4. Insecticidal activity tested essential oils, chitosan, and their mixtures against B. fabaci

The tested essential oils, chitosan, and their mixtures on potato plants intercropping by three spray
applications revealed great variations in the effectiveness against the infestation of B. fabaci nymphs and
adults under field conditions during the two successive seasons of 2020-2021 and 2021-2022. The
obtained results indicated the following:

During season 2021, Figure 3 shows the percentage reduction of B. tabaci populations (adult and
nymph) under three successive applications of the studied treatments at 3, 5, and 10 days. The initial
effect (3 days after spraying) of (thyme+Ch). and (citronella+Ch) were superior in whitefly adult
population reduction (75, 79, 66% and 74, 76, 61%, after 3, 5, and 10 days application, respectively
followed by (camphor+Ch) and thyme (68, 72, 64 % and71,74, 59%). The lowest reduction percentage
was (13,14,12%) caused by Ch (Figure 3a). Foliar application of (thyme+Ch). (citronella+Ch) and
(camphor+Ch) showed a similar efficacy on whitefly nymphs (74,79,79% & 70,75,76% and 64,73,73%
respectively). Furthermore, the general reduction percentage cleared that there were slightly significant
differences between (thyme+Ch). (citronella+Ch) and (camphor+Ch) applications on both studied B.
tabaci stages (adults and nymphs). Also, pelargonium (Ch) and marjoram (Ch) reduced toxicity against
both whitefly stages. There is a significant difference between the reduction percentages of the tested oil
emulsions and their mixers. The (EOs+Ch) mixture was more effective than EOs (Figure 3b). The results
of the second application on adults (Figures 3c). In the second recording (thyme+Ch). was significantly
higher treatment followed by (citronella+Ch) and camphor+Ch). In the percentage reduction of nymph
populations (5 days after spraying), there were significant differences between (thyme+Ch). and
(citronella+Ch) followed by (camphor+Ch) (Figures 3d). Also, in the third application, (Figure 3e)
Regarding the effect five days after treatment, (thyme+Ch). (77%), and (citronella+Ch) (76%), were the
highest impacts followed by thyme (74%), and citronella (67%), on whitefly adults. Also (Figure 3f)
Regarding that the (thyme+Ch). emulsion had significantly higher reduction percentages against nymph
populations (79%), followed by (citronella+Ch) (75%), and (camphor+Ch) (73%).

In the 2022 season, (Figure 4a) indicated that blending chitosan with thyme or citronella increased
the effectiveness of both oils against whitefly adults. Initially, the efficacy of thyme and citronella oils
was measured at 66% and 60%, respectively. However, when combined with chitosan, the efficacy of
thyme and citronella oils rose to 73% for B. tabaci adults within three days after first spraying. The tested
materials showed higher effectiveness against whitefly nymphs, with (thyme+Ch). and thyme
demonstrating the highest reduction in B. tabaci populations at 82% and 77%, respectively. This
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Fig. 3: Percentage reduction of B. tabaci populations adult and nymph (a&b) after first spray, (c&d) second spray and (e&f) third spray with tested essential oils,
chitosan, and their mixtures during season 2021

Where, # 3days,® Sdays, % 10days, (c) control, (ch) chitosan, (Th) Thyme, (Ci) Citronella, (Ca) Camphor, (Pe) Pelargonium, (Ma) Marjoram, (Th+Ch) Thyme+

chitosan, (Ci+Ch) Citronella+ chitosan, (Ca+Ch) Camphor+ chitosan, (Pe+Ch) Pelargonium+ chitosan, (Ma+Ch) Marjoram+ chitosan, (Imida) Imidacloprid
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Fig. 4: Percentage reduction of B. tabaci populations adult and nymph (a&b) after first spray, (c&d) second spray and (e&f) third spray with tested essential oils,
chitosan, and their mixtures during season 2022.

Where, # 3days,* Sdays, # 10days, (c) control, (ch) chitosan, (Th) Thyme, (Ci) Citronella, (Ca) Camphor, (Pe) Pelargonium, (Ma) Marjoram, (Th+Ch) Thyme+

chitosan, (Ci+Ch) Citronella+ chitosan, (Ca+Ch) Camphor+ chitosan, (Pe+Ch) Pelargonium+ chitosan, (Ma+Ch) Marjoram+ chitosan, (Imida) Imidacloprid.
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reduction was comparable to the effectiveness of Imidacloprid, which achieved a 92% reduction in B.
tabaci populations (Figure 4b). the second spray and three days after application of (thyme+Ch). spray
yielded the highest efficacy, with an 80% reduction in B. tabaci (adult and nymph), followed by
(citronella+Ch) 73% reduction in adults and a 71% reduction in nymph and thyme alone, achieving a
73% reduction in adults and 77% reduction in nymph for (Figure 4c& d). Finally, the third spray was a
less effective spray against the adult population (Figure 4e). about nymph, there were no significant
differences between (thyme+Ch). and (citronella+Ch) after 3,5 and 10 days after application followed
by (camphor+Ch)

4. Discussion

The presence of B. tabaci firstly recorded in the fourth week of October 2020-21 and 2021-22 in
Qalubiya Governorate, Egypt. Environmental factors (wind speed, relative humidity, and precipitation)
affect the B. tabaci population fluctuation during the 2021 season. While environmental factors
(maximum temperature, minimum temperature, wind speed, and relative humidity) for the 2022 season
were found to be effective. The present findings agree with (Harshita et al., 2019) from India who found
that the B. tabaci in tomato began to appear during the third week of November in 2015-16 and the
second week of November in 2016-17 during the investigation period and remained active throughout
the cropping season. Also, (Berani and Patel, 2020) in India found the population fluctuation of the B.
tabaci population on the brinjal plant peaked during the 4th week of November 2018-19 and the 5th
week of October 2019-20.

The study found a significant negative correlation for the nymphal adult population in 2022. Relative
humidity showed a positive correlation with nymphal populations, while wind speed had a significant
positive correlation. Precipitation did not affect nymphal and adult populations in the two seasons
studied. Regression studies showed that environmental factors significantly contributed to the population
fluctuation of B. tabaci on potato plants in 2022.While there was a positive correlation between the B.
tabaci population and temperature in other studies (Marabi et al., 2017), but there was a negative
correlation with relative humidity. Maximum temperature positively influenced the B. tabaci population,
while wind speed and rainfall negatively affected it. According to (Subba et al., 2017), the B. tabaci
population did not have a significant negative correlation with temperature, rainfall, or relative humidity.
While, the population fluctuation of B. tabaci are significantly influenced by temperature, as found by
(Shah et al., 2019). Abbas et al. (2023), found that temperature and relative humidity were positively
correlated with B. tabaci populations, although the correlation was non-significant. Specifically,
maximum, and minimum temperatures were negatively correlated with B. tabaci populations, while
relative humidity showed a positive correlation (Abbas et al., 2023). The impact of the environmental
factors on B. tabaci populations can be analyzed and strategies developed by studying the trends and
patterns observed between B. tabaci population fluctuation and environmental conditions.

On the other hand, the current study estimated the efficacy of thyme oil, geranium oil, citronella oil,
marjoram oil, and camper oil emulsions and examined the combination of chitosan with these essential
oils against stages (adults and nymphs) of B. tabaci in potato fields.

The major components of essential oils are typically highlighted for their bioactivity; it is also worth
noting that minor constituents present in essential oils can play a significant role as well. These minor
constituents may have synergistic effects with the major components. Some studies have found that the
use of the whole essential oil produces a greater impact than that of the major components used together
(Burt, 2004; Reichling ef al., 2009).

The results of FTIR analysis show that the IR spectra of chitosan showed a strong absorption band
at 3433 and 3259 cm™ due to OH and amine N-H symmetrical stretching vibrations (Arafat et al., 2015;
Wanule et al.,2014). Absorption peak at 2923 Cm™' indicates the presence of CH stretch (Chen et al.,
2011). The absorption bond between 2360 and 2151cm™ is due to stretching N=C=N in carbodiimide.
FTIR analysis also shows a-chitin characteristic bands such as amide [ band is split into two components
at 1656 cm ™' and amide II band is observed at 1566 cm™'. The absorption band at 1656 was due to C=0
stretching (amide I) (de Queiroz Antonino et al., 2017). The band observed at 1405cm™ corresponds to
the Asymmetric C-H group. 1322 cm™ (symmetric C-H bending of CH2 group). The bands at 1156-1069
and 1028 cm™ are attributed to Stretching C-O in polysaccharides. The C-H deformation of the S-
glycosidic bond is centered at 894 cm™ (Povea et al., 2011).
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The tested emulsions had a slightly lower efficacy than the conventional synthetic insecticide,
Imidacloprid, in controlling B. tabaci on potato fields. Thyme emulsion exhibited the highest mortality
rate and repellency against the B. fabaci followed by citronella and camphor but geranium and marjoram
showed the lowest efficacy. Thyme oil has previously been reported to have a high level of suppression
of B. tabaci populations (Li et al., 2022; Kim et al., 2011) The toxicity of thyme oil is due to its main
components, linalool, myrcene, thymol and 1,8-cineole. At relatively high concentrations, these
compounds may act as weak inhibitors of acetylcholinesterase activity against B. tabaci (Zarrad et
al.,2017). Citronella oil demonstrated toxicity towards nymphs and a repellent effect on adults of B.
tabaci (Saad et al., 2017; Emilie et al.,2015). Citronella oil's main components were E-citral and Z-citral,
which may be associated with a GABA receptor or through inhibition of AChE (Tak et al., 2017).
Essential oils from C. camphora showed high toxicity, deterrence repellency, and anti-oviposition effects
against adult B. tabaci up to 72 h after exposure in the greenhouse environment (Wagan et al.,2022). The
insecticidal effect of C. camphora oil at 2.0% v/v on Trialeurodes vaporariorum. C. camphora oil
resulted in 49.7% egg mortality and 88.5% nymph mortality, respectively. For adults, 2.0% v/v of
essential oil caused the highest mortality (40.0%) at 72 h. C. camphora oil resulted in lower mortality
(49.4% and 40.0%) than the synthetic pesticide spiromesifen (0.05% v/v, 65.0% and 72.0%,
respectively).

Conversely, this study examined a combination of chitosan and essential oils, such as thyme oil,
geranium oil, citronella oil, marjoram oil, and camper oil, for their effects on B. tabaci in potato fields.
The most effective treatment for B. tabaci stages (adults and nymphs) was thyme (Ch), followed by
(citronella+Ch) and camphor (Ch). At the same time, (geranium+Ch) and marjoram (Ch) had lower adult
and nymph reduction percentages. When all tested EOs are loaded into chitosan, they demonstrate
increased effectiveness compared to when EOs are used alone. This suggests that combining EOs and
chitosan enhances the properties of essential oils (Ibrahim et al., 2022; Campos et al., 2018). Chitosan
provides a protective agent around the EOs from degradation in the field by light, heat, UV radiation and
oxidation (Rajkumar et al., 2020; De Oliveira et al., 2018). Chitosan can improve the solubility of
hydrophobic EOs in aqueous solutions, making them more readily available for controlling B. tabaci in
potato fields (Sedlatikova et al., 2019). Moreover, chitosan's derivatives with alkyl, benzyl, and alkyl
groups showed good activity against insect pests due to improved solubility and enhanced activity
compared to plain chitosan (Abenaim and Conti. 2023).

5. Conclusions

The study aimed to investigate the population fluctuation of B. tabaci in potato plants.
Environmental factors (wind speed, relative humidity, and precipitation) significantly impact the
population fluctuation of B. tabaci. In 2021, relative humidity and wind speed positively influenced
nymph and adult populations, while precipitation did not. Regression data revealed that temperature and
relative humidity had a positive correlation, while wind speed negatively affected B. tabaci populations.
And develop effective control measures using bio-insecticides, specifically essential oil, and chitosan,
to minimize health risks and environmental pollution. Research focused on stabilizing and durability of
essential oil emulsions and improving their adherence to leaf surfaces through the incorporation of
chitosan. The study sought to offer a viable alternative to chemical pesticides, thereby contributing to
safer agricultural practices and reduced environmental impact. Essential oils like thyme, geranium,
citronella, marjoram, and camper oil were identified and tested for their effectiveness against B. tabaci
infestation. Thyme and citronella oils were the most effective in reducing B. tabaci adult populations,
followed by camphor and thyme. Blending chitosan with thyme or citronella oils increased their
effectiveness against B. tabaci adults.
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