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ABSTRACT

The investigation focuses on evaluating the impact of climatic conditions on the population ecology of
the fiorinia date scale (FDS), Fiorinia phoenicis Balachowsky (Hemiptera: Diaspididae), applying regression and
principal component analyses. This work was executed in a private date palm plantation in the El-Bayyarah
region, Kom Omboo area, Aswan governorate, southern Egypt. According to the results, there were four yearly
seasonal activity peaks for F. phoenicis individuals on date palm trees: mid-April, mid-June, early
September/October, and mid-November. These individuals were found on date palm trees all year round. The
calculated numbers of F. phoenicis were significantly impacted by the combined impacts of the climatic factors,
which differed from year to year. The two years' explained variations in population estimates, as determined by
the multiple regression approach, were 60.56% and 71.61%, respectively. The most significant variable that
explained differences in the overall estimates of F. phoenicis in both years was solar radiation. However, the
variable that had the least impact on population fluctuations over the two years was the daily mean lowest
temperature.The principal components analysis produced two components (PC1 and PC2) with eigenvalues
larger than 1, which explained 96.02% and 93.4% of the variation overall across the two years, respectively. The
daily mean maximum and lowest temperatures, relative humidity, and solar radiation were the environmental
factors for PC1 and PC2. In both years, PC1 comprised 72.81% and 72.76% of the variation, respectively, whilst

PC2 comprised 23.21% and 20.64% of the variance, respectively.
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INTRODUCTION
Throughout human history, the date palm (Phoenix
dactylifera L.; Arecaceae) has been economically

significant. The date palm tree's significance stems from its
capacity to tolerate and adapt to environmental stressors
such as drought, high temperatures, and salt (Salem and Ali,
2020). Date palms are some of the oldest fruit plants found
in dry and semi-arid regions (Krueger, 2021). Dates are a
food that provides nutritional security to millions of people
in arid parts of the world because of their high content of
essential nutrients. Additionally, they are essential for
nutrition (Chao and Krueger, 2007).

Date palms are one of the most significant
horticultural crops that orchards may utilize to make
additional money, regardless of whether they are cultivated
for commercial purposes (Bakry, 2014). When it comes to
exporting to significant international commercial centers,
palm palms form the backbone of the local economy
(Rathore et al., 2020).

Many insect pests have the potential to infest date
palm trees (Alaoui and Joutei, 2024). Fiorinia phoenicis
Balachowsky (Hemiptera: Diaspididae), the scientific name
for the Fiorinia date scale (FDS), is one of the most
dangerous pests of date palm trees (Ghabbour and
Mohammad, 2010).The date palm's fronds are the primary
target of F. phoenicis, which also periodically infects the
dates. According to field observations, the pinnae of older
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date palm fronds (lower fronds) had a higher infestation of
F. phoenicis than the newer ones (Elwan et al., 2011). The
crawlers migrate to the date bunches and infest them
throughout the fruiting period, generating thick crusts that
render the dates unfit for human consumption in cases of
severe infestation. Due to the serious invasion, the date
palm's development was significantly impacted, particularly
in the offshoots, which resulted in dry fronds and yellowish
pinnae (Youssef et al., 2015).

This insect uses its mouthparts to suck plant sap,
destroying palm tree leaves, fronds, and fruits because of its
poisonous saliva (Radwan, 2012). Crop yield is lowered
because of frond mortality, leaf fall, and deformities (El-
Said, 2000). In addition to decreased respiration and
photosynthesis, harmed palm leaves change the form,
become yellow, and fall off (Bakry, 2014). The detection
and accumulation of date palm scales on date palm leaf
surfaces is the primary feature of date palm scale invasions,
according to El-Sherif et al., (2001).Once planted in the
orchard, farmers find it very difficult to manage (Elwan et
al., 2011).

The weather has a significant impact on pest biology.
Temperature is the primary abiotic element that affects an
organism's life (Bakry et al., 2020). On the other hand, no
climatic factor influences pest activity since the impacts of
meteorological components on pests are usually muddled
(Pareek et al., 2017). An insect species' activity is also
greatly influenced by the amount of sunlight and relative
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humidity, which are the two main meteorological elements.
Abiotic factors and pest activity can be correlated to create
predictive models that help predict pest incidence (Chandra
Kumar et al., 2008). It would be easier to determine the peak
times of pest activity and create an efficient management
plan if a comprehensive grasp of the variations in insect pest
numbers in the field and their relationship to meteorological
conditions was developed (Rajasekhar et al., 2021).
Additionally, comprehending the effects of weather patterns
on the Fiorinia date scale population is crucial for creating
integrated pest management strategies under certain weather
circumstances (Bakry et al., 2024).

Data dimensionality can be decreased using the
multivariate analysis procedure known as principal
component analysis. According to Grane and Jach (2014),
this reduction helps build links between variables and makes
it easier to visualize the data in fewer dimensions. With each
axis representing a principal component (PC), PCA displays
data along axes. According to Granato et al. (2018), the first
principal component (PC1) explains more differences in the
data than the second (PC2), which in turn explains more
differences than the third (PC3). When working with data on
multiple scales, PCA using correlation is usually preferable,
although it may also be carried out using covariance. The
primary focus of correlation-based PCA is on the
associations between variables, whereas variance-based
PCA highlights the variables' variation (Mishra et al., 2017).
Eigenvalues, which show how much variance each principal
component captures, are another key idea in PCA. Greater
data variability can be explained by a matching principal
component, according to higher eigenvalues. Additionally,
eigenvalues help reduce dimensionality by aiding in the
determination of the ideal number of major components
(Johnson, 1998).

Many investigators focused on initial researchable
problems, such as the survey of F. phoenicis, causes for their
breakout, and management elements, because of the
invasiveness, quick spread, and potential for economic
damage of F. phoenicis. Despite the frequent presence of F.
phoenicis in recent years, nothing is known about population
dynamics in the Kom Omboo region of Aswan, Egypt.
Nonetheless, the climate is changing quite quickly.
Therefore, a thorough analysis of these factors is crucial to
creating an insect pest control program for a particular
agroecosystem. The current investigation was conducted to
close this gap and learn more about the F. phoenicis ecology.
Determining the effect of climate on the population
estimates of F. phoenicis on date palm trees was the aim of
this experiment.

MATERIALS AND METHODS

1- Population estimates:
Population ecology of the fiorinia date scale (FDS), F.
phoenicis, on date palm trees:

An outbreak of F. phoenicis on date palm trees
(Bartamoda cultivar) was discovered in a private plantation
in the El-Bayyarah zone, Kom Omboo area, Aswan
governorate, southern Egypt, during 2022/2023 and
2023/2024. The plantation is situated close to the Nile River
at 24°30'55" N, 32°57'15" E. The plantation is approximately
8,400 square meters in size. Before and during the
experiment period, the chosen orchard was treated only

using natural cultivation methods; no chemical treatment
methods were employed. Four date palm trees were chosen
and were almost identical in terms of height, age, size, form,
and vegetative development. F. phoenicis estimates were
monitored half-monthly from early March 2022 to mid-
February 2024.

In this study, there are two biological parameters: a)
F. phoenicis abundance and b) percentage of damaged palm
leaflets.

A- The first criterion is the population ecology of
F. phoenicis:

At a rate of forty leaflets per tree, randomly selected
samples were taken from five trees every fortnight from
various tree levels and orientations. Continuously gathered
leaflet samples were put in plastic bags and taken to the lab
to be examined under a stereomicroscope. Date palm leaflets
were separated into nymphs and females, and the number of
living individuals on each surface was calculated and
compared to each inspection period. During the two data
collection years, we gathered a total of 9600 leaflets over 48
consecutive sample dates. Each year, 4800 leaflets, i.e. (40
leaflets x five trees x 24 consecutive sample dates). The pest
was identified and categorized by researchers from the Plant
Protection Research Institute at the Agricultural Research
Center in Giza, Egypt. Population abundance was assessed
using half-monthly palm tree assessments, (+) or (-) standard
error, and seasonal variability in F. phoenicis estimates was
assessed using the mean number of individuals per leaflet.

B- The second criterion is damaged leaflet percentages:

Direct visual inspection of palm leaflet samples was
used to apply this criterion, which is the percentage of
damaged leaflets at each examination date during the study
years. This was computed by dividing the average number
of damaged leaflets by pest by the total number of leaflets
examined and then multiplying by one hundred. Bakry and
Abdel-Baky (2023) wused this technique. An Excel
spreadsheet was used to categorize the data to generate
statistical analysis and visualizations. An ANOVA test was
performed on the data that was gathered every two weeks.
Mean crowding (Lloyd, 1967):

The mean and variance of the number of individuals
in each analyzed date are represented by and S2 in this
equation, respectively.

M r—= T + %
Invasion progression (IP):

The annual growth of FDS outbreaks became
evident as an outbreak developed. According to Bakry et al.
(2024), the data was computed using the following formula
after normalizing the population occurrence distribution
curve,

1P ={(2 x present numbers) + past numbers + the upcoming projections}/4.
Quotient of change (QC):

By dividing the average estimates on the current
examination date by the number of individuals on the past
examination date, the quotient of change was calculated to
assess the degree of variance in population counts during
half-monthly examinations. Bakry and Fathipour's (2023)
study served as the basis for this estimate.

Relative probability of occurrence (RPO):
RPO =(m/M)
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The number of individuals in each examined time is

denoted by m, and the maximum value of individuals
registered in all analyzed sample dates is M in this equation
(Ghaedi et al., 2020).
The polynomial relationships between F. phoenicis
estimate and mean crowding, the progression of
invasion, relative probability of occurrence, and
damaged palm leaflets%b:

To evaluate the nonlinear relationships between F.
phoenicis estimates (independent variable) and the mean
crowding, the progression of invasion, the relative
probability of occurrence, and the percentages of damaged
leaflets are represented as dependent variables. Bakry and
Abdel-Baky (2023 and 2024) explain these associations
using this formula.

2- Influences of the climatic factors on F. phoenicis
counts infesting date palm trees:

The environmental parameters for the Kom Omboo
region, Aswan governorate, were obtained by the Central
Laboratory for Agricultural Climate, Agricultural Research
Center, Ministry of Agriculture, Giza, Egypt, for two years
(2022/2023 and 2023/2024). These parameters comprised
solar radiation, mean relative humidity percentages and the
highest and lowest temperatures. To determine the daily
averages of F. phoenicis estimations over fourteen days,
average daily measurements of these parameters were
calculated. MSTAT-C was used to perform various
regression and correlation studies (Freed, 1991) to determine
associations between the data (Fisher, 1950). The data that
was gathered was calculated, illustrated, and shown using
Microsoft Excel 2007. Plotting of Pearson's simple
correlation values between different parameters was done
using R program (R Core Team, 2019).

3. Principal component analysis:

Data dimensionality is reduced using a multivariate
analytic technique known as principal component analysis
(PCA). According to Grane and Jach (2014), this reduction
facilitates the visualization of the data in fewer dimensions and
aids in the establishment of connections between variables.
Using R software and Principal Component Analysis (PCA), a
scatterplot was created to illustrate the multidimensionality of

meteorological factors in F. phoenicis estimations on date palm
leaflets (R Core Team, 2019).

RESULTS AND DISCUSSION

1. Population studies of F. phoenicis on date palm trees:
Population ecology:

For two years (2022/2023 and 2023/2024), date palm
leaves attacked with F. phoenicis, as shown in Fig. (1), were
found every half-monthly in the El-Bayyarah region, Kom
Omboo district, Aswan governorate. Furthermore, the half-
monthly average values of F. phoenicis population estimates,
damage, and climatic conditions during the course of the two-
year research are shown in Tables (1 and 2) and Figs. (2 and 3).
The numbers of F. phoenicis nymphs and females fluctuated in
quite similar ways. The seasonal activity, which was calculated
by averaging the number of nymphs and females per leaf during
the sample dates, should thus be included.

A) F. phoenicis abundance:
Over 2022/2023 year:

According to the findings, the average number of F.
phoenicis nymphs and females per leaf during 2022/2023
was 42.45 + 1.75 and 42.45 + 1.75 individuals, respectively
(Table 1). The periods in mid-April, mid-June, early
October, and mid-November were the annual abundance
peaks of nymphs, with numbers of 40.84 + 3.00, 59.35 +
4.07, 67.11 + 6.74, and 75.48 £ 5.96 individuals per leaf,
respectively. However the number of nymphs decreased in
mid-February (Table 1 and Fig. 2).

In mid-April, mid-June, early October, and mid-
November, the total live numbers (nymphs + females) per
leaf, which displayed four maximum values every year,
were 73.85 + 6.29, 95.85 + 7.65, 117.90 + 11.85, and 138.22
+12.23 individuals per leaf, respectively. However, as Table
(1) and Fig. (2) demonstrate, the overall number of live
individuals declined around the middle of March.

In the 2022-2023 vyear, the results showed
statistically significant variations in the number of nymphs,
females, and total live individuals evaluated at different
assessment dates (Table 1). The percentages of the
coefficient of variance were 6.94, 7.68, and 6.40%, while the
L.S.D. values were 4.17, 3.52, and 6.77, respectively.

Fig. 1. Pictures showing signs of infestation by the F. phoenicis on date palm leaflets, photographed by Dr. Moustafa
M.S. Bakry, September 2022.
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Table 1. Half-monthly estimations of F. phoenicis counts, percentages of damaged palm leaflets, mean crowding, the
progression of invasion on date palm leaflets and associated climatic variables over 2022/2023 year.

. No. of Mean  Progress Quotient % Max. Min.
gggpllng Nymphs Females individuals crowding of of RPO  Damaged temp temp. R/ ﬂ ra%l?!l?i:m
per leaf  intensity invasion change leaflets °C °C o
Mar, 1 1882+204 2203+221 40.85+4.24 4162 3392 030 6500+368 2424 1041 4343 1865

2022 15 2658+127 2740+2.74 53.98+396 53.14 53.17 132 039 69.38+6.80 2914 1282 3158 2178
Apr 1 31.25+282 3261+328 63.86+6.07 62.99 63.89 118 046  7813+544 2954 1473 3403 2260
15 40.84+3.00 33.01+3.32 73.85+6.29 7291 66.53 116 053 7938+6.16 3115 1662 2640 23.82
1 3597+405 18.60+187 54.57+592 54.32 55.98 0.74 039 7688+461 3446 1965 2015 2510

May 15 2458+312 16.33+1.64 4091+4.73 41.45 51.84 0.75 030 7375+582 37.06 2143 1898 26.61
Jun 1 3566+382 3528+355 70.94+7.33 70.05 69.66 173 051 7688+313 3945 2464 1921 2527
15 59.35+4.07 3650+3.67 95.85+7.65 94.93 85.50 135 069 8250+339 4170 2583 18.08 2651

ul 1 5353+397 2585%260 79.37+654 78.42 79.50 0.83 057 7938+237 4088 2559 2054 25.05
15 4447+272 1893+1.90 63.40+459 63.25 65.81 0.80 046  80.00+2.04 4045 2651 20.78 2475

Aug 1 3748+289 19.60+197 57.08+4.85 58.66 59.49 0.90 041 8563+258 4195 2805 21.06 2429
" 15 31.05+228 29.36+295 6042+521 59.62 58.71 1.06 044 89.38+4.13 4219 2761 2190 2439
Sept. 1 31.89+447 2503+219 56.91+6.64 56.13 65.34 0.94 041 9500+270 4024 2648 2279 2291
" 15 4577+658 41.33+4.15 87.10+1069  86.17 87.25 153 063 99.38+0.63 4214 2755 2483 2247

Oct 1 6711+6.74 50.79+511 117.90+11.85 11744 103.24 135 085 100.00+£0.00 4108 2565 26.78 21.60
" 15 6332+559 26.74+2.69 90.06+8.28 90.82 101.41 0.76 065 9438+258 3936 2448 2693 1961
Nov 1 5294+385 54.68+550 107.62+9.33 106.73 110.88 119 078 9125+161 3616 2101 2829 18.09
15 7548+596 62.75+6.31 138.22+12.23 13731 123.92 1.28 100 9813+120 2879 1666 3533 14.79

Dec 1 66.78+425 4483+451 11161+872 110.67 113.93 0.81 081 9438+157 2616 1236 37.67 1468

15 5277+354 4149+4.17 94.26+7.69 94.04 94.82 0.84 068 86.25+3.15 2687 1151 4043 1475
Jan, 1 4145+278 37.70+379 79.16+6.54 79.93 80.92 0.84 057 8125+315 2529 1137 4181 1389
2023 15 36.99+364 34.11+343 71.10+7.05 70.27 68.66 0.90 051 7438+329 1934 656 50.70 1359
1 2807+276 2521+253 53.28+5.29 52.50 52.93 0.75 039 6313+063 2136 816 4818 1479

Feb 15 1654+173 1754+176 3408+349 3325 30.36 0.64 025 4813+188 2333 820 4658 17.22
g/ir;:gael 4245+£1.75 3240+138 74.85+294 7444+5347407+5011.03+0060.54+0.04 81.74+142 3343 1891 3027 20.72
CV.% 6.94 7.68 6.40 8.23

F-value 117.88 97.29 120.68 14.21

LS.D.at ox " ox -

0.05 level 4.17 3.52 6.77 9.51

Explanations: S.E. refers to standard error; C.V.= Coefficient of variance, F-value = analysis of variance; L.S.D = Least significant differences;
%R.H. = The relative humidity percentage; * refers to Significant at P < 0.05; ** refers to Significant at P <0.01.

Table 2. Half-monthly estimations of F. phoenicis counts, percentages of damaged palm leaflets, mean crowding, the
progression of invasion on date palm leaflets and associated climatic variables over 2023/2024 year.

. No. of Mean Progress Quotient % Max. Min.
3g$plmg Nymphs ~ Females individuals crowding gf_ of RPO Damaged temp. temp.° RO/I: . a?j?z!\?i:)n
perleaf  intensity  invasion  change leaflets °C C T
Mar., 1 3245+348 2406+242 56.51+5.89 57.96 4637 - 0.39 66.25+4.62 2544 1141 3008 17.90
2023 15 38.69+1.92 33.77+338 7246+524 71.62 71.08 1.28 0.50 68.13+7.39 26.72 10.80 2842 2091
Apr 1 4046+365 4241+426 8287+7.88 82.02 76.07 114 0.58 76.88+6.64 2824 1445 3063 21.70
15 3649+268 2959+297 66.07+5.63 65.16 66.62 0.80 0.46 80.63+7.24 29.62 1553 2376 22.87
May 1 3386+3.82 1758+1.77 51.44+558 5154 5741 0.78 0.36 75.63+5.72 3319 17.13 1813 2410
15 3640+4.62 2428+244 60.68+7.01 61.49 63.80 118 0.42 75.00+5.63 34.89 1937 1708 2555
un 1 3899%4.19 4343+436 8242851 81.54 73.07 1.36 0.57 73.75+4.84 4033 2322 1921 26.33
15 37.29+257 29.46+296 66.75+5.47 65.91 67.67 0.81 0.46 80.63+4.25 43.13 26.85 1808 27.62
Jul 1 3358+250 21.19+213 54.77+4.62 53.86 61.01 0.82 0.38 81.25+3.15 4340 2573 2054 26.09
15 4013+241 2763+278 67.75+£514 67.82 70.96 124 0.47 79.38+258 4430 26.04 20.78 25.78
Aug 1 5539+414 3817+384 9356+7.95 95.21 9151 1.38 0.65 85.00+2.70 4213 2519 2106 25.30
' 15 5837+4.22 5281+531 111.19+949 11033 109.15 119 0.77 93.13+4.00 4127 26.18 2190 2540
Sept 1 6444+898 56.25+491 12068+1386 119.82 116.42 1.09 0.84 96.25+2.98 4050 2533 22.79 23.86
) 15 59.68+9.26 5346+5.80 113.14+15.01 11221 111.09 094 0.79 98.75+0.72 3942 2538 2483 2340
Oct. 1 4479%+450 5259+529 97.39+9.79 97.24 97.32 0.86 0.68 99.38+0.63 3953 2363 26.78 2250
15 4241+361 3894+391 81.36+7.52 81.91 93.75 0.84 0.57 95.63+231 3505 1866 2693 20.42
Nov 1 7559+575 3931+ 395 11490+969 11399 113.70 141 0.80 9250+2.70 3947 2217 2829 1884
15 84.80+5.92 5886+529 143.66+11.80 142.73 126.46 1.25 1.00 99.38+0.63 3465 17.85 3533 1541
Dec 1 4933+£283 5431+546 10364+823  102.69 107.51 0.72 0.72 95.63+2.13 3327 1693 3767 1529
15 4194+246 3715+373 79.09+6.16 78.93 83.99 0.76 0.55 8750+ 250 26.93 11.10 4043 15.37
Jan, 1 4313+£290 31.02+312 74.15+6.00 74.82 68.67 0.94 0.52 80.00+354 2650 939 4181 1447
2024 15 2643+260 20.87+210 47.30+4.69 46.54 51.71 0.64 0.33 7313+ 344 2318 7.73 50.70 14.15
Feb 1 2063+203 1748+176 3810+3.78 37.40 39.31 0.81 0.27 61.25+2.17 2446 865 4818 1541
15 1850+1.95 1523+153 33.73+348 32.89 26.39 0.89 0.23 46.25+331 2790 13.20 46.58 17.93
glee’;:gﬂ 4391+177 3583+153 79.73+315 7940£568 78793540 100+005 056+004 8172153 3431 1841 2916 2111
CV.% 9.58 8.46 8.29 9.56
F-value 56.87 81.03 71.61 11.84
LSD.at005 g g5 4.28** 9.35%* 11.05%*

level
Explanations: S.E. refers to standard error; C.V.= Coefficient of variance, F-value = analysis of variance; L.S.D = Least significant differences;
%R.H. = The relative humidity percentage; * refers to Significant at P < 0.05; ** refers to Significant at P <0.01.
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Fig. 2. Half-monthly estimations of F. phoenicis counts, percentages of damaged palm leaflets, mean crowding, the
progression of invasion on date palm leaflets and associated climatic variables over 2022/2023 year.
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Fig. 3. Half-monthly estimations of F. phoenicis counts, percentages of damaged palm leaflets, mean crowding, the
progression of invasion on date palm leaflets and associated climatic variables over 2023/2024 year.
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Over 2023/2024 year:

The average estimates of F. phoenicis females and
nymphs per leaf in 2023/2024 were 35.83 +£ 1.53 and 43.91 +
1.77, respectively, as shown in Table (2). The four annual
occurrence peaks of nymphs were observed in early April,
early June, early September, and mid-November, with 40.46 +
3.65, 38.99 + 4.19, 64.44 + 8.98, and 84.80 + 5.92 individuals
per leaf, respectively. However, as seen in Tables (2) and Fig.
(3), the number of nymphs declined in mid-February.

In early April, early June, early September, and mid-
November, adult females exhibited four annual maximums
of abundance, with an average of 42.41 + 4.26, 43.43 + 4.36,
56.25 + 4.91, and 58.86 + 5.29 individuals per leaf.
However, February showed a decline in the number of
females (Table 2 and Fig. 3).

In mid-April, mid-June, early October, and mid-
November, the total live numbers (nymphs + females),
which displayed four maximum values every year, were
82.87 + 7.88, 82.42 + 8.51, 120.68 + 13.86, and 143.66 +
11.80 individuals per leaf, respectively. However, as Table
(2) and Fig. (3) demonstrate, the overall number of live
individuals declined in February.

In the 2023-2024 year, the findings revealed
statistically significant changes in the number of nymphs,
females, and total live individuals evaluated at different
examination dates (Table 1). The percentages of the
coefficient of variance were 9.58, 8.46, and 8.29%, but the
L.S.D. values were 5.95, 4.28, and 9.35, respectively.

The results revealed that the average total number of F.
phoenicis individuals on date palm leaflets was lower in the
first year (2022/2023) than in the second year (2023/2024).

The average number of F. phoenicis per leaflet
throughout the two years was calculated to be 74.85 £ 2.94
and 79.73 £ 3.15 individuals, respectively. In comparison to
2022-2023, the development of F. phoenicis estimates
increased by almost 1.07 times in 2023-2024.

In addition, statistical analysis of the data revealed a
significant difference in the number of nymphs, females, and
total individuals living between the two years (CV values
were 8.35, 8.10, and 7.43%, and LSD values were 1.40, 0.80,
and 1.66), respectively.

b) Percentage of damaged palm leaflets:

The percentages of damage to palm leaflets by pests
recorded four peaks of activity, reaching 79.38 + 6.16, 82.50
+3.39, 100.00 + 0.00, and 98.13 £ 1.20% in mid-April, mid-
June, early October, and mid-November, respectively. In
both years, the lowest percentage of damaged leaflets was
observed in mid-February.

There was a significant difference in the percentages
of damaged leaflets (LSD values were 9.51 and 11.05)
throughout the two years, and the C.V.% values were 8.23
and 9.56%, respectively (Tables 1 and 2).

Data in Tables (1 and 2) showed that the percentage
of leaflets damaged in both years was somewhat similar,
being 81.74 + 142 and 81.72 + 1.53%, respectively.
Consequently, when comparing the two years, statistical
analysis showed no significant differences between the
percentages of damaged leaflets.

The variations in the seasonal ecology of F. phoenicis
that have been observed by several authors at different places
are interesting to observe. The numerous ecological factors

influencing F. phoenicis populations are demonstrated by
these findings. Elwan et al. (2011) in the Giza governorate,
Egypt, mentioned that there are three yearly maxima for F.
phoenicis on date palm. Radwan (2012), in Qalubyia
Governorate, Egypt, it was reported that F. phoenicis
estimates (nymphal and adult stages) on date palms had two
times of seasonal activity annually. El-Zoghby (2015) in
Qalubyia Governorate, Egypt, reported that F. phoenicis was
observed on date palm trees throughout the year, with three
peaks annually. Youssef et al. (2015) noted that nymphal and
adult stages have three peaks of activity every year, those that
emerged in early June, in August/September, and in
October/November. El-Shafei and Attia (2023) in Giza,
Egypt, found that F. phoenicis population density registered
three periods of activity every year.

Mean crowding and invasion progression of F. phoenicis:

The mean invasion trend and crowding of F. phoenicis
had four active times throughout the two years. As shown in
Tables (1 and 2) and depicted in Figs. (2 and 3), these times
were noted in early April, early June, early September, and
mid-November in 2022/2023, and mid-April, mid-June, early
October, and mid-November in 2023/2024.

On date palm leaflets, the average number of F.
phoenicis individuals was larger in the second year (79.40 +
5.68) than in the first (74.44 + 5.34). Compared to
2022/2023, the increase in 2023/2024 was roughly 1.07
times, as shown in Tables (1 and 2).

In this context, the annual number of F. phoenicis
invasions multiplied, from 74.07 + 5.01 individuals in
2022/2023 to 78.79 + 5.40 individuals in 2023/2024.
Approximately 1.06 times as much invasion development
occurred in the second year as in the first (Tables 1 and 2).
Quotient of change (QC):

Half-monthly monitoring intervals were used to
compute the quotient of change (Q.C.) in F. phoenicis
estimations on date palm leaflets (Tables 1 and 2).

The period that displays the variation in insect
activity throughout the year is represented by this model.
Q.C. > 1 indicates a time of increased activity, < 1 indicates
a period of decreased activity, and equal to 1 indicates no
change in activity (Bakry and Abdel-Baky 2023).

The half-monthly change in the total living population
(quotient of change: Q.C.) during the study period revealed
that the favorable times occurred in mid-March, early April,
mid-May, early June, and mid-July and continued until early
September and early and mid-November in 2022/2023, where
rates of change were recorded above one. Similarly, in
2023/2024, favorable times were mid-March through mid-
April, early and mid-June, mid-August, mid-September, early
October, and early and mid-November, where the variance
ratios were above one.

Relative probability of occurrence (RPO):

According to the relative probability of occurrence,
the degree of probability increases with a value's proximity
to one and decreases with its distance from one. Relative
likelihood of occurrence had four maximum periods
throughout the year, displayed in early April, early June,
early September, and mid-November in 2022/2023 and in
mid-April, mid-June, early October, and mid-November in
2023/2024, according to data shown in Tables (1 and 2) and
Figs. (1 and 2).
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The relative probabilities of occurrence values of the
pest were 0.53, 0.69, 0.85, and 1.00 in the first year and 0.58,
0.57,0.84, and 1.00 through the second year, respectively. In
this context, the mean values of F. phoenicis relative
probability of occurrence on date palm leaflets were higher
in the second year, being (0.54 + 0.04), as compared to the
first year (0.56 £ 0.04). The increased by about 1.02 times in
2023-2024 compared to 2022-2023, as shown in Tables (1
and 2) and illustrated in Figs. (1 and 2).

In general, the percentages of damaged leaflets,
mean crowding intensity, invasion progress, quotient of
change, and relative probability of occurrence using a half-
monthly investigation clearly showed that climatic
parameters were more conducive to F. phoenicis growth and

activity on date palm leaflets during periods of increased F.
phoenicis counts, as presented in Tables (1 and 2).
The polynomial relationships between F. phoenicis
estimates, percentages of damaged palm leaflets, mean
crowding, the progression of invasion, and relative
probability of occurrence:

Fig. (4) exhibits the nonlinear relationships between
F. phoenicis estimates (as an independent variable) and the
dependent variables: mean crowding, the progression of
invasion, the relative probability of occurrence, and the
percentages of damaged leaflets. Statistical mathematical
relationships are shown in Table (3).

Table 3. The polynomial relationships between F. phoenicis estimates, percentages of damaged palm leaflets, mean
crowding, the progression of invasion, and relative probability of occurrence:

Variables Year Regression equation R? EV.%
F. phoenicis estimates versus percentages of 2022/2023 Y =8E-05X3-0.024 X? +2536X - 45691 0.63 6340
damaged leaflets 2023/2024 Y =3E-05X3-0.0115 X? + 1.6314X + 11.694 0.77 76.77
s - 2022/2023 Y =-2E-06 X3+ 0.0005 X? +0.9541X + 1.1318 1.00 99.93
F. phoenicis estimates versus mean crowding 503754 Y = 5E-06 X3 - 0,0016 X2 + 1.1508X - 4.3069 100 9993
F. phoenicis estimates versus progression of 2022/2023 Y =-3E-05 X3 +0.0039 X? +0.8469X + 1.6817 0.95 94.82
invasion 2023/2024 Y =-3E-05 X3+ 0.0041 X? + 0.8566X + 0.142 0.96 95.93
F. phoenicis estimates versus relative probability ~ 2022/2023 Y = 1E-19 X3- 2E-17 X2 + 0.0072X - 8E-14 100 100.00
of occurrence 2023/2024 Y =8E-20 X3 - 2E-17 X2+ 0.007X - 7E-14 1.00 100.00
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Fig. 4. Estimation of the relationships between F. phoenicis estimates, percentages of damaged palm leaflets, mean
crowding, the progression of invasion, and relative probability of occurrence (RPO) over the two years

[2022/2023 (A) and 2023/2024 (B)].

In both years, all mathematical relationships that were
examined were extremely important(Table 3and shown in Fig. 4).

The percentages of explained variation (E.V.)
between the percentages of damaged leaflets and the F.
phoenicis estimations for the two years were 76.77% and
63.40%, respectively.

In this case, there was a 99.93% correlation between
the mean annual crowding and F. phoenicis numbers.
Additionally, in both years, the E.V.% between the number
of F. phoenicis and the invasion's progress was 94.82% and
95.93%, respectively. Furthermore, the E.VV.% between F.
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phoenicis populations and relative chance of occurrence was
100% every year, as shown in Table (3) and Fig. (4).
2- Impacts of the climatic parameters on F. phoenicis
counts infesting date palm leaflets:
Effect of daily mean maximum temperature:
This variable and the F. phoenicis count in 2022/2023
had a positive simple correlation and were insignificant (r-value

of +0.13); however, in 2023/2024 there was a substantial
positive simple correlation (r-value of +0.45), as shown in Table
(4) and Figure (5). The regression coefficient indicates that an
increase in population of 0.46 and 1.8 individuals per leaflet
over two years, respectively, would be the result of a 1°C rise in
the mean daily maximum temperature (Table 4).

Table 4. Different correlation and regression analyses to evaluate the relationship between climatic variables and total
F. Phoenicis counts during the two years (2022/2023 and 2023/2024).

Tested Simple correlation and

Partial correlation and

Analysis variance

- P Efficiency

Year ; regression values regression values Rank
Variables r b SE f Pcor Preg SE T % Fvalues MR RZ EV9%
Maxtemp 013 046 0.3 064 014 280 465 060 076 3

202/ Mintemp 016 057 076 076 -011 -207 448 046 044 4

2023 RH% 004 011 054 020 -049 -341 138 -247* 1264 2 (297 078 061 60.56
Solarradiation 031  -182 120 -152 075 -1014 205 -496** 5103 1
Maxtemp 045 184 077 239* 040 58 307 -191 540 4

2023 Mintemp) 047 203 082 249* 059 1125 353 319** 1514 2

2024  RH% 024 065 057 -115 057 -257 084 -306** 1395 3 11987 085 072 7161
Solar radiation 0.04 024 135 017 -078 -11.30 206 -547** 4472 1

r = Simple correlation; P. cor. = Partial correlation; MR = Multiple correlation; R*= Coefficient of determination; b = Simple regression;
P. reg.= Partial regression; E.\V% = Explained variance; S.E = Standard error * Significant at P < 0.05; ** Highly significant at P <0.01
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Fig. 5. Heat map depicting the correlation between F. phoenicis estimates per date palm leaflet and climatic
parameters over the two years [2022/2023 (A) and 2023/2024 (B)].

In 2022/2023, there was an insignificant positive
correlation (P. reg. value of 2.80) between the daily mean
maximum temperature and the total population of F.
phoenicis; in 2023/2024, there was an insignificant negative
correlation (P. reg. value of -5.86). Concurrently, Table (4)
shows that the t-test results for the two years were 0.60 and -
1.91, and the partial correlation (P. cor.) values were +0.14
and -0.40, respectively.

The data collected showed that the daily mean
maximum temperature in 2022/2023 is within the ideal
range of F. phoenicis numbers; however, in 2023/2024 it is
consistently within the ideal range. The maximum
temperature was the least effective variable for change
throughout the two years, with only 0.76% and 5.40% of the
variance explained, respectively (Table 4).

Effect of daily mean minimum temperature:

Table (4) and Fig. (5) demonstrate that the simple

correlation between the F. phoenicis estimates and the daily

mean lowest temperature in 2022/2023 was insignificantly
positive (r value was +0.16), but in 2023/2024 it was
significant and positive (r value was +0.47). The population
increased by 0.57 and 2.03 individuals per leaflet for the two
subsequent years, respectively, when the daily mean lowest
temperature increased by 1°C, according to the simple
regression coefficient (Table 3).

The results of our partial regression analysis showed
that mean daily minimum temperature had a non-significant
negative effect (P. reg. value was -2.07) during 2022/2023
and a highly significant positive effect (P. reg. value was
+11.25) on F. phoenicis numbers in 2023/2024. In the
present study, the t-test results were -0.46 and +3.19,
respectively, while the partial correlation values were -0.11
and +0.59 (Table 4).

The results showed that in 2022/2023 the daily mean
lowest temperature was consistently within the optimal
range of F. phoenicis activity, and in 2023/2024 it was
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completely below the optimal range of F. phoenicis
abundance. Minimum temperature was the abiotic parameter
that partially explained the change in the total F. phoenicis
population, which varied by 0.44% and 15.14% in the two
years, respectively (Table 4).

Effect of the mean relative humidity:

As shown by the data in Table (4) and Fig. (5), the
relationship between relative humidity and the F. phoenicis
estimates was weakly negative (r-values were -0.04 and -
0.24) in two years, respectively. The simple regression
coefficient showed that for each of the two years, a 1% rise
in relative humidity would result in a 0.04 and 0.24
reduction in F. phoenicis estimates per date palm leaflet,
respectively (Table 4).

The partial regression analysis revealed a significant
negative relationship (P. reg. value of -3.41) between the
daily mean relative humidity and the total population of F.
phoenicis in 2022/2023, while a very significant negative
relationship (P. reg. value of -2.57) was observed in
2023/2024. The T-test findings for the two years were -2.47
and -3.06, and the partial correlation (P. cor.) values were -
0.49 and -0.57, respectively, according to Table (4).

The mean relative humidity was above the ideal
range for F. phoenicis abundance in 2022/2023 and
completely above the ideal range activity in 2023/2024. In
this regard, the relative humidity accounted for 12.64% and
13.95% of the variation in the overall F. phoenicis
population for the two years, respectively (Table 4).

Effect of the mean solar radiation:

The correlation between the estimations of F.
phoenicis and solar radiation was insignificant and negative in
2022/2023 (r-value was -0.71) and slightly positive in
2023/2024 (r-value was +0.04), as seen in Table (4) and Fig.
(5). According to Table (4), the regression coefficient showed
that the counts would drop by 1.82 individuals per leaflet in
2022/2023 and increase by 0.24 individuals per leaflet in
2023/2024 for every 1 MJ/m? increase in solar radiation.

The partial regression method (P. reg.) values show
that solar radiation had a highly significant and negative
effect in both years (P. reg. values were -10.14 and -11.30).
T-test values were -4.96 and -5.47 for each of the two years,
while the partial correlation estimates were -0.75 and -0.78,
respectively (Table 4). Every year, the amount of solar
radiation was higher than the ideal range for F. phoenicis
activity. The range in the F. phoenicis counts of 51.03 and
44.72% each year, respectively, was best explained by this
parameter (Table 4).

The pooled impacts of climatic parameters on F.
phoenicis counts:

The climatic variables on F. phoenicis counts were
evaluated using the multiple linear regression technique as follows:
Over 2022/2023:

Y =333.5* +2.80 X; — 2.07X,— 341X* ~10.14X**  Equation (1)
Fvalue=729** MR=078 EV.=60.56%
Over 2023/2024:
Y =386.78** —5.86 X; + 11.25 X,**
F value = 11.98**
Where,
Xi= daily mean maximum temperature; Xp- daily mean minimum
temperature; Xs- daily mean relative humidity; X,- daily mean solar
radiation; MR=multiple correlation; E.V.= explained variance.
As demonstrated in Table (4) and equations (1 and 2),
the cumulative impacts of these studied factors on F.
phoenicis estimations over the two years were very
significant and differed every year. The multiple correlation

—257 X 1130 X Equation (2)
MR=085  EV.=7161%

values were 0.78 and 0.85 throughout the two years, while
the F-values were 7.29 and 11.98, respectively. The
explained  differences  between  these  examined
environmental characteristics on F. phoenicis estimations
were 60.56% and 71.61% for both years, respectively, as
shown in Table (4) and Equations (1 and 2).

Most scholars investigated a lot of studies to find out
how F. phoenicis was impacted by temperature and relative
humidity. These findings are consistent with those of Elwan
et al. (2011), who found that the daily mean temperature and
percentage R.H. had a significant impact on the annual field
generations of F. phoenicis on date palm at the Giza
Governorate. The combined impact of these weather factors
may be attributed to the variations in the half-month counts
of the nymph and adult populations, which ranged from
66.1-69% and 48.1-49.2% for the first generation (early
summer generation); 65.4-74.0% and 63.8-78.4% for the
second generation (late summer generation); and 60.9-
77.4% and 48.6-63.5% for the third generation (autumn
generation) over the two years, respectively. According to
Youssef et al. (2015), the meteorological elements that were
investigated (daily mean temperatures and percentage RH)
had a substantial impact on the duration of seasonal activity
for both nymphal and adult phases. In the first and second
periods of activity, the cumulative influence of the
investigated meteorological conditions on population
activity varied from 71.2% to 63.4% and 59.9% to 69.7%,
respectively, while in the third period for the two years, it
ranged from 70.2% to 58.9%. Radwan (2012) demonstrated
that daily mean maximum and minimum temperatures, as
well as percentage R.H., had a substantial impact on the
lengths of seasonal activity for F. phoenicis nymphs and
adults. While the combined effect of these factors on adult
activity ranged from 53.9% to 76.3% in the first period and
84.9% to 87.9% in the second period for the two years, the
combined effect of these factors on nymphal activity ranged
from 58.2% to 74.8% in the first period of activity and
66.9% to 74.8% in the second one, respectively. According
to El-Zoghby (2015), the relative humidity and the daily
mean minimum and maximum temperatures had a
substantial impact on F. phoenicis activity. The cumulative
effect of these variables resulted in variations in the
population's half-monthly counts, which varied between
61.6 and 72.5% for nymphs and 59.4 and 66.7% for adults
(the first and second years, respectively).

2- Principal component analysis (PCA):

For this investigation, principal components analysis
produced two components (PC1 and PC2) with eigenvalues
larger than one, which accounted for 96.02% and 93.40% of
the total variance for the two years, respectively (Fig. 6). The
daily mean maximum and lowest temperatures, relative
humidity, and solar radiation were the environmental
variables for PC1 and PC2. In both years, PC1 accounted for
72.81% and 72.76% of the variation, respectively, whereas
PC2 explained 23.21% and 20.64% of the variance,
respectively, as shown in Fig. (6).

The average of F. phoenicis estimates demonstrated
a strong positive correlation with the highest and lowest
temperatures in 2022-2023, with respect to the variable
PC1, which had a high explanatory power. As well, F.
phoenicis numbers and the highest and lowest temperatures
and solar radiation in 2023-2034 are all positively
correlated. In this context, there was a negative relationship
between F. phoenicis counts and the independent variables,
which are average relative humidity and solar radiation
during 2022/2023, but only average relative humidity in
2023/2024, as shown in Fig. (6).
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Fig. 6. Principal component analysis correlation-based biplot of climatic variables and F. phoenicis estimations over

the two years.

RECOMMENDATIONS

The information gathered may be utilized to monitor
insect populations, conduct scouting, and evaluate the
impact of weather in the application of successful IPM
strategies. However, to assess the activity and behavior of
this pest and manage it, more research on the ecology of F.
phoenicis on date palms in different Egyptian governorates
is required. Growers and decision-makers to develop
strategies for managing and controlling F. phoenicis and
reducing damage to date palm plants can use the results
mentioned above.
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