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Abstract

Field studies were conducted on the purple Lepidosaphes beckii(Newman), Dialeurodes citri(Ashmead), and their parasitoids 
in Sharkia Governorate over two consecutive years, from September 2022 to August 2024. During the first season, L. beckii 
exhibited two significant population peaks on leaves: the first in November 2022 with 1,205 individuals, followed by another 
in July 2023 with 1,416 individuals. In the second season, L. beckii again showed two annual peaks, with the highest count 
in October 2023 reaching 1,508 individuals, and another peak in June 2024 with 1,405 individuals. The highest parasitism 
rate of Aphytis lepidosaphes on L. beckii was recorded at 26.13% in July 2023 and 27.18% in July 2024. Meanwhile, D. citri 
experienced three population peaks during the first season, occurring in October 2022, April 2023, and August 2023, with 
counts of 61, 40, and 93 individuals per 125 leaves, respectively. In the second year, two peaks were noted, one in January 
and another in August 2024, with counts of 43 and 67 individuals per 125 leaves. The maximum parasitism rate of Encrasia 
lahorensis on D. citri was observed at 36.60% in November 2022 and 52.20% in October 2023.
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Introduction

Scale insects and the whitefly Dialeurodes citri are 
significant pests that pose a serious threat to citrus trees, 
leading to considerable damage within agro ecosystems 
both in Egypt and globally [1,2]. The primary symptoms of 
infestation include yellowing, drying, and dropping of leaves, 
along with diminished and weakened vegetative growth, 
ultimately resulting in a decrease in both the quality and 

quantity of fruit produced [3]. Infestations in severe cases 
lead to the death of whole trees themselves [4,5]. Of late, 
some of the most injurious pests to citrus trees have been 
identified as the purple scale insect, L. beckii, and Dialeurodes 
citri [6-8]. L. beckii produces four generations per year and 
prefers the shady parts of citrus trees [9]. All ages of purple 
scale insects exist in orchards year-round; hence overlapping 
generations exist. However, peak populations occur in 
early seasonal periods [10]. Aphytis lepidosaphes  Compere 
(Hymenoptera: Aphelinidae) is a key biological control agent 
that is globally successful in regulating the scale of the purple 
scale in various areas [11-13]. According to Hafez, et al. [13] 
it was found that larval stages of L. beckii were parasitized 
by the nymphs of  Aphytis  spp., mostly over January and 
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February. These early stages of the population decline of 
the parasitic one were mainly during the wintertime while 
the occurrence frequency was noted to be lower during the 
rest of the period of the year, spring, summer, and autumn 
[14]. The specific parasitoid of the citrus whitefly, Encarsia 
lahorensis (Howard) was a species with a fairly narrow range. 
Dialeurodes citri(Ashmead), which is a parasitoid of the citrus 
whitefly. natural enemy Studies was the first one to identify 
the phenomenon [15,16].  Field surveys conducted in 1981 
and 1982 indicated that 59 counties had been invaded [17]. 
This study is set for starting the new year in 2022 to analyze 
the population level of purple scale insect, Lepidosaphes 
beckii,(Newman), the citrus whitefly Dialeurodes citri, and 
the their parasitoids on Balady orange trees from September 
2022 to August 2024 in the Kafr Saqr district of Sharkia 
Governorate.

Materials and Methods

Experiments were done over two successive years 
(2021-2022 and 2022-2023) on balady orange trees in 
Abo Nada village kafr saqr district, Sharkea, Governorate, 
orchards. This included many varieties of citrus which were 
infected by scale insects. The citrus trees were 15 years 
old and shielded from any chemical exposure. Irrigated 
over five faddens area in varieties, balady orange (fifteen 
years old) and no chemical applications. 5 trees were used 
to represent this commercialization; monthly samples of 
this variety were taken randomly. The samples were kept 
in hermetically sealed bags and they were, same day also, 
came to the laboratory. The surfaces of the leaves (North, 
south, east, west and middle) of each of the five trees 
were studied (n=125). The plant samples were placed 
with data slips into paper bags and the tops secured with 
rubber bands. On that day, all samples, which included 
leaves, buds, and branches, were put into pots and were 
taken to the Department of  Biological Control Research, 
Sharkea Branch, Plant Protection Research Institute (PPRI), 
Agricultural Research Center (ARC). 

The scale insects were detached wrong! with a very fine 
hair brush under a dissection stereo-microscope  and were 
then put in 70% ethanol. After that, the insects and their 
parasitoids were mounted in Hoyer’s medium on microslides. 
The insects were brushed using a fine needle that was fixed 
firmly on a plant host and were then preserved in 70% 
ethanol. The mounts were manufactured with the help of the 
insects, microscope slides, and Hoyer’s medium. The type 
material was then placed in the Plant  Protection Research 
Institute, Agricultural Research Center. The last peak of the 
infestation was eventually reached with the pests hosted 
the population of the purple scale insect, Lepidosaphes 
beckii (Newman)., the citrus white fly, and their parasitoids 
on balady orange trees were estimated over a period from 

September 2022 to August 2024 in Kafr Saqr district, Sharkia 
Governorate. 

Results and Discussion

Population Density of Citrus Purple Insect, L. 
beckii on Leaves on Balady Orange Trees During 
The Two Successive Years 

In the first year, the data presented in Figure 1 reveal 
that the adult stage of the purple scale insect, L. beckii, 
experienced two notable peaks on leaves: one in November 
2022 with 1,205 individuals, and another in July 2023 with 
1,416 individuals, observed at temperatures of 19.87°C 
and 30.83°C, along with relative humidity levels of 59.62% 
and 54.08%, respectively. The emergence of L. beckii was 
first noted in September, with a count of 757 individuals 
across 125 leaves, reaching its initial peak in November. The 
population showed an increase in October and November, 
peaking in November at 1,205 individuals per 125 leaves, 
before declining in December. The second peak occurred in 
July 2023, with a subsequent decrease in August. Following 
this, a gradual increase in population was observed from 
September to November. In the second year, as illustrated 
in Figure 3, the population of the insect began anew, 
starting with 915 individuals in September, followed by a 
rise in October. L. beckii again displayed two annual peaks 
on leaves, with the peak in October 2023 recording 1,508 
individuals, and another in June 2024 with 1,405 individuals, 
at temperatures of 25.78°C and 31.51°C, and relative 
humidity levels of 61.99% and 43.82%. The highest count 
of the season was recorded in October 2023, totaling 1,580 
individuals across 125 leaves. During the years 2022/2023 
and 2023/2024, the total respective counts were 11597 and 
12653 individuals per 125 leaves. Crawlers peaked in density 
during August 2023, reaching 315 crawlers per 125 leaves in 
the first season; in the second season, this density peaked 
at 313 crawlers per 125 leaves in October. The first season 
witnessed three peaks in crawler populations, occurring in 
October 2022 and in January and August 2023, with counts of 
213, 154, and 315 individuals per 125 leaves, respectively. On 
the contrary, the lowest population (101 individuals per 125 
leaves) was recorded in February 2023 under temperature 
(13.21°C) and relative humidity (60.13%). 

Research by Helmy [18] and Amin [19] identified four 
peaks of L. beckii infestations occurring in September, 
November 1971, March, and May 1972. They noted that these 
peaks coincided with four annual generations happening at 
similar intervals, indicating that July was the optimal time for 
chemical applications. Abdel-Fattah, et al. [20] presented a 
different study in which detected three discrete months of L. 
beckii abundance in December, April, and July, and associated 
generations at the same months over two consecutive years 
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at Shebin El-Kom. Additionally, Abou-Setta [21] documented 
peaks in mid-December 1977, May, and November 1978, 
which also represented three generations. The first 
generation, which occurred from November to February, was 

identified as the overwinter generation; the second spanned 
March to June as the spring generation, and the third took 
place from July to October.

Figure 1: Population density of Lepidosaphes beckii which infested Balady orange trees during 2022/2023 seasons. 

Figure 2: Percentage of parasitism of Aphytis lepidosaphes compere on Balady orange trees during 2022 /2023 seasons.
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In second year, the peak of density Crawlers was in 
October 2023 with 313 crawlers per100 leaves at temperature 
level of 25.78ºC and relative humidity of 61.99%. By February 
2024, their numbers decreased to 157 crawlers per 125 leaves. 
Notably, crawler populations exhibited two significant peaks: one 
in October 2023 and another in January 2024, with counts of 313 
and 221 crawlers per 125 leaves, respectively, at temperatures 
of 25.78ºC and 15.03ºC, and relative humidity’s of 61.99% and 
66.68% (Figure 2). 

For female crawlers, the highest density occurred in 
November 2022, totaling 711 females per 125 leaves at 
19.87ºC and 59.83% RH. The lowest count was noted in 
February 2023, with just 267 females per 125 leaves at 
13.21ºC and 60.13% RH. Throughout the year, females exhibited 
three peaks: in November 2022, and again in April and July 
2023, with densities of 711, 467, and 652 individuals per 125 
leaves, respectively (Figure 1). In the second year, the highest 
female density was observed in June 2024 at 823 females per 
125 leaves, measured at 31.51ºC and 43.82% RH. The lowest 
count was in February 2024, with 297 females per 125 leaves at 
15.95 ºC and 63.84% RH. 

During this time, female populations also peaked in 
October 2023 and June 2024, with numbers of 788 and 823 
females per 125 leaves, respectively, at temperatures of 
25.78ºC and 31.51ºC, and relative humidity’s of 61.99% and 
43.82% (Figure 3).

For males, the first season saw two peaks in March 
2023, with 251 males per 125 leaves, and again in July 
2023, reaching 470 males per 125 leaves, at temperatures 
of 18.90ºC and 30.83ºC, and relative humidities of 49.56% 
and 54.08%. The lowest density for males was observed in 
February 2023, at just 140 males per 125 leaves (Figure 1). 
In the second year, male density peaked in October 2023 with 
479 males per 125 leaves at 25.78 ºC and 61.99% RH, while 
a lower count of 231 males per 125 leaves was recorded in 
February 2024 at 15.95 ºC and 63.84% RH. Males displayed 
two peaks in October 2023 and April 2024, with counts of 479 
and 389 males per 125 leaves at temperatures of 25.78ºC and 
23.81ºC, and relative humidity’s of 61.99% and 50.95%. It has 
been reported that L. beckii can have three to four generations 
based on the host plant and location. According to this study 
results, there are four generation as L. beckii occurred on C. 
aurantii by using the method of age structure.

Figure 3: Population density of Lepidosaphes beckii on balady orange trees 2023/2024 seasons. 

The findings align with those of Amin [19] and Habib [9] 
who noted that the scale insect observed undergoes three 
to four generations. Similarly, Tawfeek [22] and Megalla 
[23] reported variability in infestation levels of armored 
scale insect species across different locations, with L. beckii 
notably thriving in Alexandria and Sharkia. Belguendouz, 
et al. [24] observed that L. beckii typically completes three 
generations annually on both host plants: one in summer, 

another in spring, and the last in fall, with a significant peak 
in population during July. Stathas, et al. [25] recorded three 
population spikes of the purple scale, L. beckii, on citrus in 
June, August, and October. Moreover, research by Jun-Hua, 
et al. [26] highlighted that Neoseiulus barkeri responds to 
volatile substances released from citrus leaves affected by 
red citrus mites and scale insects (Figure 4).
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Figure 4: Percentage of parasitism of Aphytis lepidosaphes compere on Balady orange trees during 2023 /2024 seasons.

This response is influenced by the chemical signals 
from the feeding activities of Panonychus citri and other 
sucking insects, which are critical for N. barkeri’s host and 
site selection. In the experiment by Zaabta, et al. [27] on 
dynamics of Lepidosaphes beckii, it was suggested that the 
purple scale insect progresses through three generations 
(autumn, first spring, second and summer, third. During this 
research, Aphytis lepidosaphes Compere was identified as a 
parasitoid of Lepidosaphes beckii. 

Percentage of Parasitism

During the 2022/2023 season, the parasitism rate 
of Aphytis lepidosaphes on Lepidosaphes beckii on balady 
orange trees in Kafr Saqr was observed to have two distinct 
periods of activity. In January 2023, the rate was recorded 
at 23.14%, while in July 2023, it increased to 26.13%. These 
measurements were taken at temperatures of 14.61ºC and 
30.83ºC, with relative humidity levels recorded at 66.20% 
and 54.08%, respectively (Figure 2). In the following season, 
2023-2024, three peaks of activity were reported: November 
2023 saw parasitism rates of 11.59%, 27.18%, and 26.03% 
in March and July 2024, with corresponding temperatures 
of 21.81ºC, 19.25ºC, and 31.73ºC, and relative humidity 
rates of 64.10%, 53.68%, and 51.79% (Figure 4). Previous 
studies have also highlighted this relationship. Hafez, et al. 
[12] identified A. lepidosaphes as the primary parasitoid of 

L. beckii, with total parasitism reaching its peak between 
October and December, ranging from 29.7% to 40.2%. 
Additional peaks were noted in January (21.6%), May 
(16.1%), and July (15.4%). Moraes, et al. [28] reported that 
from August to November, parasitism of M. beckii ( L. beckii) 
was at its highest, largely unaffected by climatic factors, 
with A. lepidosaphes being the dominant parasitoid. In fact, 
Abbas [29] has shown that A. lepidosaphes is the most often 
over-riding controlling agent of L. beckii. Moreover, Aly, et 
al. [3] revealed the significance of maximum and minimum 
temperatures affecting the populations of L. beckii and 
its parasitoid A. lepidosaphes while relative humidity had 
negligible effect. 

Population Density of Citrus Insect, Dialeurodes 
citri (Ashmead) on Balady Orange Trees During 
the Two Successive Years

Results presented in Figure 5 show that the population 
of D. citri population reached its peak (93 individuals per 125 
leaves) in August, when the mean temp was 30.02ºC and RH 
was 55.50%. The population initially stood at 41 individuals 
per 125 leaves in September, gradually increasing in October 
before declining from November 2022 to February 2023. 
Subsequently, the population rebounded, reaching 31 
individuals per 125 leaves in both March and April 2023, 
followed by a resurgence to its annual high in August 2023. 
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Notably, D. citri recorded three population peaks in October 
2022, April 2023, and August 2023, counting 61, 40, and 
93 individuals per 125 leaves, respectively (Figure 5). In 
the second year, two population peaks were documented, 
occurring in January and August 2024, with counts of 43 
and 67 individuals per 125 leaves, paired with temperatures 
of 15.03ºC and 31.31ºC and relative humidity of 66.68% 
and 53.12%, respectively. Initially, the population started 
at 32 individuals per 125 leaves in September 2023 at 
a temperature of 29.56ºC with and relative humidity of 
51.21%, followed by a decrease to 23 individuals per 125 
leaves in October 2023, before increasing again in November 
2023. D. citri likewise exhibited peaks in January and August 

2024, measuring 43 and 67 individuals per 125 leaves under 
the stated temperature and humidity conditions. 

 
The dynamics of D. citri populations on balady orange 

trees across the years 2022/2023 and 2023/2024 are 
outlined in Figures 5 and 7. The analysis revealed mean 
populations of 448 and 407 individuals per 125 leaves 
in 2022/2023 and 2023/2024, respectively. Meanwhile, 
observations from orchards in the Chlef region demonstrated 
that the average daily temperatures were 19.5°C for spring 
and 30.5°C for autumn, with an average daily humidity level 
of 65%, and no rainfall, showed a favorable climate for D. citri 
adult emergence. 

 

Figure 5: Population density of total Dialeurodes citri on Balady orange trees during 2022/2023 seasons. 

Boukhalfa, et al. [30] noted that the appearance was 
around mid-April in the citrus sub-humid zone of Mitidja . 
In contrast, earliest recorded sightings of adults in France 
and Spain were in May [31]. D. citri populations were most 
dynamic during the flush period as highligted by Singh, et 
al. [32], thus suggesting that when temperatures are lower, 
emergence is further postponed into diapause. Evidence also 
from Algeria showed that spring egg densities can hit up to 

3000 eggs/dm² on clementine [33]. D. citri is considered a 
polyphagous pest with its primary hosts in citrus but it also 
has been recorded on over 70 plant species in 30 families 
typically in Mediterranean regions [34]. In Croatia, hosts 
such as Jasminum spp. and Diospyros kaki were some of the 
most infested apart from citrus where as in Italy, D. citri was 
found on a range of Oleaceae plants except citrus species 
[35] (Figures 7 & 8).
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Figure 6: Percentage of parasitism of Encrasia lahorensis on Balady orange trees during 2022 /2023 seasons.

Figure 7: Population density of Dialeurodes citri on Balady orange trees during 2023/2024 seasons. 
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Percentage of Parasitism

During the 2022/2023 season, the parasitism rate of 
Encrasia lahorensis on Dialeurodes citri (Ashmead) was 
assessed on balady orange trees in Kafr Saqr. Notably, 
three periods of parasitoid activity were documented in 
November 2022, with parasitism percentages recorded 
at 36.60%, 34.50%, and 30.0% in January, April. The 
corresponding temperatures during these evaluations 
were 19.87ºC, 14.61ºC, and 21.98ºC, with relative humidity 
levels of 59.62%, 66.20%, and 45.44% RH (Figure 6). In the 
subsequent season of 2023-2024, three additional peaks of 
activity were noted in October and December 2023, as well 
as in July 2024, with parasitism rates of 52.20%, 35.71%, 
and 20%, respectively. The temperatures recorded during 

these periods were 25.78ºC, 17.66ºC, and 31.73ºC, while the 
relative humidity levels were noted at 61.99%, 72.93%, and 
51.79% RH (Figure 8). In natural ecosystems, parasitoids 
and predators typically help control whitefly populations. 
Encarsia lahorensis (Howard) is an endoparasitoid of the 
citrus whitefly, Dialeurodes citri (Ashmead). Woglum [15] 
first identified this parasitoid while researching natural 
enemies in India [15,16] . Interesting field surveys conducted 
between 1981 and 1982 showed populations of E. lahorensis 
established in 59 counties [17,36]. However, in agricultural 
settings, the balance is frequently disrupted by the excessive 
use of chemicals, resulting in persistent whitefly populations 
[37,38].

Figure 8: Percentage of parasitism of Encrasia lahorensis. on Balady orange trees during 2023/2024 seasons. 
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