Pol. J. Environ. Stud. Vol. XX, No. X (XXXX), 1-15

DOI: 10.15244/pjoes/218145

ONLINE PUBLICATION DATE: 2026-06-15

Original Research

Occurrence of the Whitefly Bemisia tabaci
on Pepper Plants in a Greenhouse in Saudi Arabia

Badriah M.K. Asiri°*

Department of Biological Sciences, College of Science, University of Jeddah, Jeddah, Saudi Arabia

Received: 23 October 2025
Accepted: 15 February 2026

Abstract

Bemisia tabaci (Gennadius), the scientific name for the whitefly, is an insect pest of economic

importance that threatens crops worldwide. This study aimed to assess the population abundance of

B. tabaci on pepper plants (Capsicum annuum) during two seasons (2022/2023 and 2023/2024) in

the Al-Qassim Region, Kingdom of Saudi Arabia. We also investigated the impact of weather factors

and plant age on B. tabaci abundance using simple correlation coefficients, multiple regression, and

principal component analysis. We additionally assessed the association between essential nutrients in

pepper leaves and B. tabaci counts. Data showed that B. tabaci individuals were recorded on pepper

plants from October 6 to April 14 in each season. The variability in B. tabaci counts explained by the

multiple regression model was 84.17% and 78.48% across the two seasons, respectively. A principal

component analysis was undertaken to analyze the meteorological variables and B. tabaci counts

to evaluate the correlation between them. Over the two seasons, B. tabaci counts were negatively

correlated with potassium content in pepper leaves and positively correlated with nitrogen, phosphorus,

and carbohydrate contents.
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Introduction

Pepper (Capsicum spp.), a popular vegetable and spice
crop globally, is known for its color, flavor, pungency,
scent, and taste [1]. Sweet pepper, which belongs to the
genus Capsicum and the family Solanaceae [2], is grown
in plastic houses in Saudi Arabia and is considered one
of the best sources of health-promoting components
[3]. Pepper plants, found in Asia, Southeast Asia, South
and Central America, and Africa, are a rich source of
antioxidants, vitamins A and B, and other nutrients [4].

*e-mail: bmasiri@uj.edu.sa
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Cooked, Capsicum leaves are eaten alongside fruits,
with Capsicum spp. being the main food source in the
nightshade family [5].

Red sweet pepper fruit contains health-promoting
substances like carotenoids, phenolics, and antioxidants
[6]. Customers evaluate fruit quality based on weight,
thickness, color, and nutritional content, choosing
mature, nutrient-dense fruit [7]. Sweet peppers can
be infested by various insect pests, including the
economically significant whitefly, Bemisia tabaci, which
poses a significant threat to agricultural hosts worldwide
[8]. B. tabaci, a polyphagous whitefly, is a dangerous
pest that can colonize various crops [9], including sweet
pepper plants [10], by removing sap from leaves, causing
wilting, yellowing, and reduced development [11].
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Additionally, it exudes honeydew, a sticky material that
can encourage the formation of sooty mold [12]. Severe
infestations of whitefly can weaken and harm pepper
plants, causing viral infections, seedling mortality, and
reduced plant growth and production [13].

B. tabaci, a destructive insect, poses a significant
threat to pepper plants globally, becoming resistant to
traditional pesticides, necessitating immediate control
measures [14]. Climate, physical characteristics, growth
climate, and season all influence the number and extent
of insects and their harm to plants [15]. Understanding
insect pest ecology requires understanding phenology,
which is influenced by factors like location, weather, and
management techniques, which can impact its severity
and frequency [16].

Understanding pest population patterns in relation
to weather conditions is crucial for designing effective
pest management strategies [17]. Understanding weather
patterns and the impact of mineral nutrients on whitefly
populations is crucial for developing integrated pest
management plans for Capsicum, with N fertilizer levels
significantly affecting growth and yield [18].

Pepper plants respond differently to insect epidemics
based on leaf chemistry [19]. Factors like weather,
trichome type, plant vigor, N and K levels, and
natural enemies influence whitefly population density.
Potassium levels can cause plant resistance to insects,
while antifeedant potassium reduces host suitability
for pests [20]. Phosphorus treatment led to a significant
decrease in Hemiptera pest populations, affecting
other insect pests like Empoasca sp. and Frankliniella
occidentalis [21]. This suggests that biochemical
components and genetic modifications could serve as
defense mechanisms against pests [22].

Principal Component Analysis (PCA) is a
multivariate method that uses axes to represent data,
with the first principal component explaining more
variance [23]. Correlation-based PCA is preferred for
different scales, and eigenvalues determine the ideal
number of principal components [24].

The goal of the present study was to estimate whitefly
populations on pepper plants over the two seasons.
The association between plant age, meteorological
conditions, and the number of whiteflies during the two
seasons was also estimated. The relationship between
B. tabaci numbers and essential elements in pepper
leaves was also evaluated.

Materials and Methods
Population Studies of B. tabaci on Pepper Plants
Abundance of B. tabaci
The current study was conducted on a private
farm in the Al-Qassim area of the Kingdom of Saudi

Arabia. The trial was conducted during the 2022/2023
and 2023/2024 growing seasons. Pepper seeds of the

“Barbero” cultivar were planted in the second week
of September, followed by the transfer of seedlings
at 25 days old to greenhouses (approximately 600 cm?).
The seedlings were arranged in a completely randomized
block design. Any seedlings that died were replaced
with new seedlings of the same age within one week of
the initial planting. All agronomic practices, except for
chemical controls, were used. Sampling of leaves was
initiated just after the first week of October, when the
infestation first began, and continued each week until
the crop was completely harvested. The total number of
whiteflies (adults and nymphs) on each leaf was counted
using 10x magnification; samples were taken weekly
from eight different areas in each replicate throughout
the two seasons and from various strata of the pepper
plants in the greenhouse. The total number of samples
collected during the two crop seasons was 2240 pepper
leaves, consisting of 56 individual sampling sessions
(28-sample replicates x 4-sample replicates % 10 leaves
x 2 seasons). Each season had 1120 leaves.

Damaged Leaf Percentages by B. tabaci

The number of B. tabaci on pepper leaves was
estimated, and the percentages of damaged leaves were
assessed according to Bakry and Abdel-Baky [25].

A=(n/N)x 100

Where A is the proportion of damaged leaves,
n represents the number of damaged leaves in the
sample, and N is the total number of examined leaves
(undamaged and damaged) for each examined date.

The study analyzed B. tabaci numbers and leaves
damaged by the pest in the two research seasons using
one-way ANOVA. Means were compared using the least
significant difference (LSD) test at the 5% probability
level.

Accumulated Numbers of B. tabaci Population

The weekly average of B. tabaci per 10 pepper
leaves was calculated to compare seasonal population
abundance. This strategy involved counting individuals
at weekly sampling intervals. The total number of
B. tabaci recorded on each sampling day was then
summed to calculate the accumulated number of
B. tabaci per 10 leaves on each sampling date. The
percentages of the cumulative numbers relative to
the total number of B. fabaci in each season were
then computed. Next, Bakry [26] used odd-number
percentages to highlight the overall population density.

The Rate of Increase in B. tabaci Counts

To assess the rate of increase in population size at
weekly examination variations, the average B. tabaci
count at the current examination time was divided by
that at the preceding examination time [27].
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Two Models Evaluated the Effect of Some
Weather Factors and Plant Age
on the Occurrence of B. tabaci

By Applying the Multiple Regression Method

The occurrence of B. tabaci numbers per 10 leaves
was related to climatic factors and biotic characteristics
across two seasons (2022/2023 and 2023/2024).
Weather variables — mean temperature, mean relative
humidity, and sunshine duration — were measured
in the greenhouse. Daily data for these factors were
averaged over the seven days corresponding to B. tabaci
counts. The biological characteristic of plant age was
measured weekly and documented at each sampling
date. The collected data were statistically assessed
using multiple correlation and regression analyses
to identify the relationships between the examined
biotic and abiotic factors and the population density of
B. tabaci. To provide a basic understanding of the
level of variability in population fluctuations under
these criteria, the percentage of explained variance
was also estimated. STATISTICA Software [28] was
used to perform statistical analysis on the data. All of
the data were computed and graphically presented in
Microsoft Excel 2010. Simple correlation values among
several independent variables and B. fabaci counts
were computed and displayed using R software [29].
The association between plant age (in days) and the
number of B. tabaci per 10 leaves was determined using
a third-degree polynomial regression approach. Asiri
and Bakry [30] adopted this strategy.

By Applying the Principal Component Model

Principal Component Analysis (PCA) is a
multivariate analytic approach used to reduce the
dimensionality of data.

A scatterplot utilizing principal component analysis
and the PAST program version 1.62 [31] was used
to illustrate the multidimensional relationships of
meteorological influences and plant age on B. tabaci
occurrence.

The Correlation between Essential Nutrients
in Pepper Leaves and B. Tabaci Counts

Essential nutrients contained in pepper leaves are
thought to either promote or inhibit insect infestation
and susceptibility in plants. Consequently, plant nutrient
elements, including potassium, phosphorus, nitrogen,
and carbohydrates, were selected for analysis, along with
their respective concentrations within the pepper leaves.
For this experiment, a sample of pepper leaves was
collected at random (excluding other parts of the plant)
by selecting 10 leaves from each replicate, specifically
from the fifth leaf (i.e., the fifth leaf from the terminal
bud of developing pepper plants). Once harvested, the
fresh leaf samples were washed with tap water and then

distilled water to remove any contaminants, dirt, etc.
[32]. The clean samples were dried in a 70°C electric
oven for 48 h. Fresh and dry weights were recorded
[33]. Dried leaves were ground into powder using an
electric mill and stored in a container for later analysis
[34]. The plant samples were digested using an H2SOa
solution following the procedure outlined by Sumner
[34]. Analyses were conducted on a dry weight basis.

Sumner [34] used flame photometry to determine
potassium (K), ascorbic acid as a colorimetric indicator
of phosphorus (P), and the micro-Kjeldahl method
to quantify total nitrogen (N) in ground samples.
The anthrone method was used for the colorimetric
determination of total carbohydrates from dried pepper
leaves, while A.O.A.C. [35] colorimetry was performed
using 240 nm as the wavelength of interest.

Statistical analysis of the chemical constituents
of dried pepper leaves and the estimated mean counts
of whitefly (B. tabaci) per 10 leaves per season was
conducted using R software [36]. This analysis aimed
to determine the regression coefficient and calculate the
simple correlation. Data were also subjected to ANOVA
analysis, and the means were compared by the least
square difference test (LSD) at P<0.05. The association
of key elements within dried pepper leaves and B. tabaci
data was assessed using Pearson’s correlation coefficient
and Haar’s principal components analysis to further
support the correlation analysis performed using R Core
Team [37].

Results

Weekly studies were conducted on greenhouse-
grown pepper plants (Barbero cultivar) in the Qassim
region of Saudi Arabia to assess the number of B. tabaci
per 10 leaves, analyze climatic and biotic parameters,
and evaluate seasonal changes during the two seasons
(2022/2023 and 2023/2024).

Occurrence and Damaged Leaves Percentages
by B. tabaci on Pepper Plants

Population Abundance

According to the data, B. fabaci counts on pepper
plants were recorded for each season between October 6
and April 14 (Tables 1 and 2 and Figs 1 and 2). Overall
estimates of B. tabaci counts for the two seasons
were 2782.25 and 2789.50 individuals, respectively.
Additionally, during the two seasons, the average
number of B. tabaci per leaf was 99.37+5.88 and
99.63+6.06 individuals, respectively (Tables 1 and 2 and
Figs 1 and 2). Variations in climatic conditions and other
variables throughout the two-season period resulted in
fluctuations in the numbers of B. tabaci individuals on
pepper leaves during each season.

Statistical analysis showed that there were highly
significant differences between B. tabaci individuals
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analyzed on different dates throughout each season.
Data showed that the coefficient of variation values
reached 9.18 in 2022/2023 and 5.80 in 2023/2024,
while the L.S.D. values reached 7.10 and 6.10 in the
two seasons, respectively. In this case, there was no
statistically significant difference in the number of
individuals between the two seasons. The data collected
and the results of the statistical analysis generally
supported the results across the two seasons, indicating
that B. tabaci counts fluctuated between sampling dates
within the two seasons.

Damaged Leaves Percentages

Four maximum peaks of abundance were recorded
for the percentages of damaged leaves by B. tabaci
on pepper plants during the 2022/2023 season. These
were on October 27, November 24, January 14,
and February 11. The results showed, respectively,
25.00£2.89, 32.50+6.29, 40.00+4.08, and 47.504+2.50%.
However, the lowest percentages of damaged leaves
were recorded on October 6, 2022, as shown in Table 1
and Fig. 1.

The seasonal oscillations of the percentages of
damaged leaves by B. tabaci over the 2023/2024
season showed four maximum peaks, with 25.00+6.45,
35.00+£9.57, 40.00£7.07, and 45.00+£5.00% on
November 3, December 15, January 14, and February
18, respectively, as presented in Table 2 and illustrated
in Fig. 2. On October 6, 2023, however, the lowest
percentages of damaged leaves were recorded, as shown
in Table 2 and Fig. 2.

Fluctuations in the percentages of pepper leaves
damaged by B. tabaci during the two-season period are
caused by changes in the climate and other variables.
Statistical analysis revealed that there were highly
significant differences in the percentages of pepper
leaves damaged by B. tabaci inspected at different time
points during each season.

In this context, the L.S.D. values were 3.96 and 3.39
in the two seasons, respectively, while the coefficient
of variation values were 7.50 in 2022/2023 and 6.80 in
2023/2024.

According to the results, the average percentage of
pepper leaves damaged by B. tabaci throughout the two
seasons was 30.80+1.17 and 28.75+1.14%, respectively.
In the first season (2022/2023), the percentage
of pepper leaves damaged by B. tabaci had a greater
impact than in the second season (2023/2024).
The percentages of pepper leaves damaged by B. tabaci
also varied significantly between the two seasons; the
L.S.D. was 0.86, and the coefficient of variation was
9.07.

B. tabaci Weekly Abundance, Accumulation,
and Proportion to Seasonal Total

To depict the overall pattern of population density,
the percentages of cumulative numbers for every week

Table 1. Average weekly numbers of B. tabaci individuals per 10 leaves and the rate of increase in numbers on sweet pepper plants, with biotic and abiotic factors influencing them in the Qassim region

of Saudi Arabia during the first season (2022/2023).

Plant age
(in days)
30.00
37.00
44.00

51.00
58.00
65.00
72.00
79.00
86.00
93.00
100.00

107.00

114.00

Sunshine (h)

11.00
11.00
11.00
11.00
11.50
11.50
11.50
11.50
11.00
11.00
11.00
11.00
8.50

RH. %

72.93

75.17

68.44
72.93

72.93

72.93

72.93

72.93

75.17

75.17

75.17

75.17

71.81

Mean
temp

29.17

31.42
33.66
33.66
33.66

34.78

33.66
35.90
31.42
28.05

22.44
24.68

20.20

% Attacked
leaves
5.00+2.89

17.50 £4.79
22.50+6.29
25.00+2.89

22.00+2.50

27.50+6.29
30.00+4.08

32.50+6.29
30.00+4.08

30.00+4.08

32.50+4.79
35.00+6.45
35.00+2.89

Rate of
increase

1.27

1

2.18

84

1.

1.07
1.10

1.

37
18
98

1.

0.

1.09

24
07

1.

1.

% Cumulative
No

0.10
0.22
0.63

1.51
3.13
4.86
6.78
9.40
12.50
15.54
18.84

22.96

27.34

Cumulative
numbers

2.75
6.25
17.50

42.00

87.00

135.25

188.50

261.50

347.75

432.25

524.25

638.75

760.75

% No. of individuals
of total population

0.10
0.13
0.40
0.88
1.62
1.73
1.91
2.62
3.10
3.04
3.31
4.12
4.38

No. of individuals
per 10 leaves + S.E.

2.75+0.63
3.50+0.29

11.25+0.48
24.50+0.96

45.00+2.04
48.25+4.70
53.25+4.70
73.00+0.91

86.25+3.71

84.50+2.22

92.00+1.08

114.50+2.22

122.00+3.08

Sampling date

13

20

27
3

10
17

24
1
8

15
22
29

Oct., 2022

Nov.

Dec.

Y
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Fig. 1. Abundance of B. tabaci individuals per 10 leaves on pepper plants, with weather factors and plant age influencing them in the

Qassim region of Saudi Arabia during the first season (2022/2023).

were also connected to the total seasonal number, as
seen in Tables 1 and 2.

According to the data in Tables 1 and 2, the greatest
percentages of B. tabaci individual counts on pepper
leaves during the two seasons were recorded on
January 14.

This might be due to optimal climatic conditions
at that time of year. The total estimates of B. fabaci
populations for the two growing seasons were 2782.25
and 2789.50 individuals, respectively, according to the
data in Tables 1 and 2. As the number of sampling
times during the growing season increased, so did
the percentages of cumulative counts of B. tabaci
individuals on pepper leaves.

Rate of Increase in B. tabaci Counts

The projected rate of increase in B. tabaci counts
on pepper plants, with the timing of insect activity
predicted by population change, is shown in Tables 1
and 2. According to the explanations given by Bakry and
Tolba [38], an increase rate of more than one indicates
increased activity, a rate of less than one indicates
decreased activity, and a rate equal to one indicates no
change in insect activity. B. tabaci counts on pepper
plants showed a significant rise in 2022/2023 beginning
on October 13 and continuing through December 1 and
then continuing from December 15 through February
11 (Table 1). Starting on October 13 and continuing
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Fig. 2. Abundance of B. tabaci individuals per 10 leaves on pepper plants, with weather factors and plant age influencing them in the

Qassim region of Saudi Arabia during the second season (2023/2024).

through November 3, November 17 through December
15, December 29 through January 14, and February 4
through February 11, the rates of increase were greater
than one for 2023/2024. This suggests that B. tabaci
activity was supported by favorable environmental
conditions during these periods (Table 2).

The Different Third-Order Nonlinear Relationships

Between the B. tabaci Counts and the Percentages
of Damaged Pepper Leaves

The relationship between B. tabaci estimates (X)
and the percentages of damaged pepper leaves (Y) was
estimated. The equations are as follows:

First season (2022/2023):

Y =5X3 - 0.0019X? + 0.3214X + 12.745
R?=0.8687 (D

Second season (2023/2024):

Y =34X3 - 0.0018X2 + 0.3668X + 10.497
R2=0.8492 )

For both seasons, the explained variance proportions
were 86.87% and 84.92%, respectively, as shown in
Equations (1) and (2).



Occurrence of the Whitefly Bemisia tabaci...

Between the Plant Age (in Days)
and B. tabaci Estimates

The relationship between pepper plant age (X)
and the number of B. tabaci (Y) was estimated. The
equations are as follows:

First season (2022/2023):

Y =-0.0002 X3+ 0.0411X* - 1.6197X + 18.066
R?=10.9535 3)

Second season (2023/2024):

Y =-0.0002 X*+ 0.0394X? - 1.3292X + 9.4173
R?*=10.9289 )

The explained variance proportions for both seasons
were 95.35% and 92.89%, respectively, as shown in
Equations (3) and (4).

Between Plant Age (in Days) and Percentages
of Damaged Pepper Leaves

The relationship between pepper plant age (X) and
the percentages of damaged leaves (Y) was estimated as
illustrated in Fig. 3. The equations are as follows:

First season (2022/2023):

Y =-0.00002X* + 0.0027X* + 0.1832X + 6.2313
R?=0.8906 ®)

Second season (2023/2024):

Y =-0.000007X? + 0.00009X?* + 0.3896X - 0.2496
R?=10.8386 6)

The findings showed that 89.06% and 83.86%,
respectively, were the proportions of explained variance
for both seasons, as shown in Equations (5) and (6).

Effect of Certain Weather Factors and Plant
Age on B. tabaci Counts on Pepper Plants

Effect of Mean Maximum Temperature

According to the data shown in Table 3 and Fig. 3,
there was a highly significant negative correlation (r-value
of -0.76) between the mean maximum temperature and
the B. tabaci counts on pepper plants in 2022/2023, and a
negligible positive correlation (+0.05) in 2023/2024. The
population was found to reduce by 0.71 individuals per 10
leaves in the first season and to rise by 0.85 individuals
per 10 leaves in the second season when the daily mean
temperature was raised by 1°C (Table 3).

Using the partial regression model, our data showed
that the B. tabaci counts were significantly negatively
impacted by the daily mean temperature (P. reg. value
was -3.98) in 2022/2023 and positively (P. reg. value was
+7.80) in 2023/2024 (Table 3).

Effect of the Mean Relative Humidity

According to data shown in Table 3 and Fig. 3,
there was a significant negative correlation (r-value
of -0.39) between relative humidity and the B. tabaci
counts on pepper plants in 2022/2023 and a highly
significant negative correlation (r-value of -0.60) in
2023/2024.

The population would grow by 3.54 and 5.21
individuals/10 leaves in both seasons, respectively, if
the mean relative humidity increased by 1% in this case,
according to the simple regression model (Table 3).
The partial regression results revealed that relative
humidity significantly negatively influences B. tabaci
numbers in both seasons (P. reg. values: -4.92 and -4.43).

Effect of the Mean Sunshine

According to Table 3 and Fig. 3, the statistical
analysis of simple correlation revealed a highly
significant negative correlation (r-value was -0.57)
between the mean sunshine (hours) and the B. tabaci
counts in 2022/2023 and an insignificantly positive
correlation (r-value was 0.10) in 2023/2024. According
to the predicted regression approach, the population
would drop by 39.06 individuals per 10 leaves in
2022/2023 and increase by 14.15 individuals per 10
leaves in 2023/2024 for every 1 h increase in mean
sunshine (sunlight hours).

Table 3 explains the specific impacts of mean
sunshine (hours) on B. tabaci counts. The first season
showed an insignificantly negative relation (P. reg.
value was -1.17), whereas the second season showed an
insignificantly positive relation (P. reg. value was 42.03).

Effect of the Plant Age

Plant age (in days) and B. tabaci numbers were
found to be strongly positively correlated in both
seasons (r-values: 0.45 and 0.39, respectively), according
to data shown in Table 3 and Fig. 3. Additionally, this
analysis showed that B. tabaci counts would rise by 0.49
and 0.44 individuals per 10 leaves in the two seasons,
respectively, for each one-day increase in plant age.
The results indicated that the effect was highly
significant and positive (P. reg. values: 0.77 and 1.25
throughout the two seasons, respectively).

The Combined Impact of Tested
Factors on B. tabaci Counts

The combined influence of plant age and weather
conditions on B. tabaci counts on pepper plants
throughout the two seasons was extremely significant,
according to the data in Table 3. The F values varied
from season to season and were 30.57 and 20.98,
respectively. Both growth seasons had explained
variance levels of 84.17 and 78.48%, respectively.
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Table 3. Simple and multiple regression analyses for describing the relationship between some weather factors and pepper plant age affecting B. tabaci individuals over the two seasons (2022/2023

and 2023/2024).
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Principal Component Analysis (PCA)

The study found two principal components (PCl
and PC2) with eigenvalues greater than one, explaining
84.67% and 88.59% of the overall variance for the two
seasons, respectively (Fig. 4). For PC1 and PC2, the
independent variables were plant age, sunlight, relative
humidity, and daily mean temperatures. According
to Fig. 4, PCl explained 53.54% and 57.19% of the
variation in both years, whereas PC2 explained 31.13%
and 31.40% of the variation, respectively.

Over 2022/2023, the average B. tabaci counts
demonstrated a positive correlation with the plant age.
On the contrary, the relationships between B. tabaci
counts and the daily mean temperatures, relative
humidity, and sunshine were negative, as shown in
Fig. 4a). In this context, there were positive relationships
between B. tabaci numbers and the independent
variables, namely mean temperature, sunshine, and
plant age, but only average relative humidity had a
negative relationship in 2023/2024, as shown in Fig. 4b).
These results provide additional support for the simple
correlation analysis.

The Association between Essential Nutrients
in Pepper Leaves and B. tabaci Counts

The chemical analysis of essential nutrients in pepper
leaves across the two years (2022/2023 and 2023/2024)
is shown in Table 4.

Table 5 displays the relationship between B. tabaci
counts and essential nutrients, i.c., total carbohydrate
and mineral elements (N, P, and K). Statistical analysis
of the data revealed that the N, P, and total carbohydrate
levels in pepper leaves had strong significant positive
associations with B. tabaci counts (r = +0.98, +0.99, and
+0.99) in 2022/2023 and (r = +0.97, +0.96, and +0.99) in
2023/2024, respectively (Table 5). Nonetheless, over the
two years, there were significant negative correlations
with the K content of pepper leaves assessed in the two
seasons (r = —0.97) (Table 5).

Regarding the use of principal component analysis
to assess the correlation between B. fabaci numbers
throughout the two-season period and the observed
essential nutrients, as seen in Fig. 5, the principal
component analysis findings showed that B. tabaci
counts were considerably impacted by essential
nutrients (Fig. 5). For the first year (2022/2023), the first
two principal components accounted for 98.78% of the
variance, whereas PC1 and PC2 made up 96.66% and
2.12% of the total variance, respectively, as shown in
Fig. 5a). However, during the second year (2023/2024),
PCl accounted for 98.17% of the variance and PC2 for
1.04%, meaning that the first two principal components
explained 99.21% of the overall variance (Fig. 5b)).

There was a positive correlation between the first
component and the total number of B. tabaci as well as
the total amount of carbohydrate, N, and P in pepper
leaves (Fig. 5). On the other hand, PC2 showed a
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Fig. 3. The correlation between B. tabaci counts per 10 leaves, climatic parameters, and pepper plant age over the two seasons (2022/2023

and 2023/2024).

negative relationship with K concentration with B. tabaci
counts (Fig. 5). Furthermore, the principal component
analysis demonstrated that B. tabaci populations were
significantly influenced by essential nutrients.

Table 4. Chemical analysis of essential nutrients in pepper leaves
during the two years (2022/2023 and 2023/2024).

Essential nutrients 2022/2023 2023/2024

Total carbohydrate 52.73+4.08 a 52.27+4.51 b
N 2.13+0.08 b 2.15+0.07 a
P 0.27+0.01 a 0.26+0.01 a
K 2.49+0.10 b 2.524+0.09 a

Means followed by the same letter(s), in each row, are not
significantly different at a 0.05 level of probability, by LSD
test.

Discussion

The whitefly, Bemisia tabaci (Gennadius), is a
key pest in agriculture and causes serious injury to
crops both through direct feeding and as a vector for
plant viruses. The deleterious effects are especially
pronounced on economically important plants, resulting
in lower yields and reduced plant health [39]. This work
aims to study the abundance of B. fabaci populations in
pepper plants (Capsicum annuum) during the 2022/2023
and 2023/2024 seasons under the conditions of the
Al-Qassim Region, Saudi Arabia. We also assessed
the effect of weather factors and plant age on whitefly
abundance, which was analyzed using the simple
correlation coefficient, multiple regression, and principal
component analysis. The results showed that the number
of B. tabaci individuals was observed on pepper plants
during the interval from October 6 to April 14 in each
season. Four peaks of abundance for the proportion
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Table 5. Simple correlation and regression coefficients between the essential nutrients in pepper leaves and B. tabaci counts over the two
seasons (2022/2023 and 2023/2024).

First year (2022/2023) Second year (2023/2024)
Season
Nutrient r b | SE | TV yoasbx |EV%| r | b | SE | TS| yoatbx [EV%
value value
Total +0.97 | 0.12 | 0.01 |7.24**| 92.84+0.12x | 94.53 | +0.97 | 0.13 | 0.02 | 6.51** | 92.66+0.13x | 93.47
carbohydrate
N +0.98 | 6.40 | 0.82 | 7.79** | 85.72 +6.40x | 95.30 | +0.96 | 8.07 | 1.30 | 6.16** | 82.28 +8.07x | 92.60
P +0.99 [ 86.21 | 1.02 | 5.64%* [75.79 +86.21x | 98.23 | +0.99 | 50.44 | 3.47 | 14.7** | 86.29 +50.44x | 98.25
K —-097 | 497 0.82 | 6.05%*% | 111.74 —4.97x | 92.31 | =0.97 | -7.02 | 0.99 | 7.02** | 117.32 -7.02x | 94.34

Notes.: r = Simple correlation; b = Simple regression; S.E. = Standard error; E.V% = Explained variance; ** Highly significant at
P<0.01.
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Fig. 4. A binary plot based on principal component analysis of weather parameters and plant age in relation to B. tabaci numbers over the
two seasons (2022/2023 and 2023/2024).
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Fig. 5. A binary plot based on principal component analysis of parameters assessing the relationship between essential nutrients in pepper
leaves and B. tabaci numbers during the two seasons. a) 2022/2023 and b) 2023/2024.

of damaged leaves by B. tabaci on pepper plants were of pepper leaves damaged by B. fabaci. These findings

also recorded. The previous season’s data and statistical were consistent with Hegab’s [40] estimates of a single

analysis confirm seasonal fluctuations in percentages peak of B. tabaci infesting cucumber leaves during
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the third week of July. On the other hand, Ahmed and
Bahjat [41] found that B. tabaci formed three peaks
every season on summer cucumber crops.

The gradual increase in B. fabaci numbers on
tomatoes suggests early pest management, based on
seedling and vegetative development phases, before the
peak population is reached, as supported by El-Shazly et
al. [42]. According to El-Damer et al. [43], B. tabaci on
pepper was shown to have 1-3 peaks.

Regarding the relationship between plant age (in
days) and B. tabaci counts, the results showed that the
relationship was significantly positive. According to
Shehata et al. [44], the incidence of B. tabaci and the age
of the okra plant were significantly positively correlated.

In addition, the results showed a significant positive
relationship between plant age (in days) and the
percentage of damaged pepper leaves. Numerous studies
have indicated that plant age can significantly influence
insect activity and infestation rates, as seen with the
striped mealybug, Ferrisia virgata, infesting Acalypha
shrubs [45].

Regarding the effect of three weather factors and
plant age on B. tabaci counts on pepper plants, the
results indicated that the combined effect of these
factors over the two seasons was very significant. The F
values varied from season to season and were 30.57 and
20.98, respectively. Both growing seasons had explained
variance levels of 84.17 and 78.48%, respectively.
Concerning the analysis of weather variables and plant
ages on B. tabaci abundance using principal component
analysis, the results showed additional evidence
supporting the simple correlation analysis.

Recent research confirms the influence of climatic
conditions on damage, losses, and pest management
of vegetable crops [46]. Temperature and humidity
significantly influence B. tabaci populations on
tomato plants in greenhouses [47], with the highest
concentration observed in October [48].

Bakry et al. [49] discovered that weather conditions
significantly influenced B. tabaci on okra plnats variation
by 94.29% and 91.88% in terms of explained variance
between the 2024 and 2025 seasons.

Moanaro and Choudhary [50] discovered a strong
correlation between the whitefly population and the
minimum and maximum temperatures of Capsicum,
while Ghongade et al. [51] found a positive correlation
between whitefly populations and temperature.

The interactions between essential nutrients in pepper
leaves and B. tabaci populations are strong, especially
with respect to nitrogen, phosphorus, potassium, and
carbohydrates. Plants with higher nitrogen, phosphorus,
and carbohydrate levels correspond to higher populations
of B. tabaci, while potassium had a negative correlation.
Therefore, nutrient management may affect pest
dynamics in cultivated peppers. Darwish et al. [52] noted
that the high nitrogen and phosphorus levels observed in
pepper leaves were associated with increased numbers
of B. tabaci, because nitrogen enhanced the nutritional
value of the host plant and made it more attractive to

the pest, while phosphorus benefited plant growth and
development. Increased potassium levels observed in
pepper leaves were associated with lower populations of
B. tabaci, suggesting that potassium may play a role in
plant defense mechanisms. Lach et al. [53] reported that
yellow crazy ant abundance was found to have a positive
correlation with carbohydrate resources, especially
honeydew from hemipterans.

Conclusions

Data on B. tabaci can aid in scouting, pest
monitoring, and weather assessment for effective IPM
techniques, but further studies are needed for effective
control. The findings can be utilized by farmers and
decision-makers to develop strategies for managing
and controlling B. tabaci while minimizing damage to
pepper plants.
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