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Abstract

Sapota, Manilkara zapota trees are very important tropical fruit which cultivated in many countries in the world. In
recent years, Sapota trees have been cultivated in Giza, Egypt, because of their great nutritional importance. Sapota
trees were attacked by many types of mealybugs, as five types were monitored and recorded: Maconellicoccus
hirsutus, Planococcus citri, Ferrisia virgata, Phenacoccus solenopsis and Icerya seychellarum. The results of this
investigation revealed that, M. hirsutus was the most dangerous of these insect pests that attack Sapota trees during
the study seasons and we found that, the M. hirsutus peak population was recorded in early November 1701 individuals
/100 leaves during 2020-2021 and 1513 individuals / 100 leaves in 2021-2022 season. Also, we recorded three species
of natural enemies were associated with M. hirsutus on Sapota trees. On the other hand, the impact of various
temperatures on some biological aspects on immature stages and adult stages of M. hirsutus were studied. Durations
of eggs, three nymph instars, pre -oviposition period, oviposition period and post- oviposition period were longest at
15° C and were lowest at 25 and 30° C. As well as longevity of females and males were lowest at 25 and 30° C and
longest at 15°C. Fecundity of females was increased with increasing in temperatures. These results are important for
improving the control of this insect and must be taken into account when developing an integrated pest management
program.
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1. Introduction

Sapota trees belong to the (Family: Sapotacae), products such as Sapota jam, Sapota milk shake,
which contains about 800 species, most of them Sapota cheese, Sapota butter, Sapota candy,
are tropical fruit trees, and the most important of Sapota slices, sapota biscuit, sapota shrikh and,
them is Manilkara zapota (L.) Which its native sapota pulp, sapota ice cream, dehydrated Sapota
region was tropical Americas, especially Mexico; slices, Sapota juice, Sapota chocolate and Sapota
the original region of Sapota (Balerdi et al., 2013) nectar, (Patel et al., 2022; Singh et al., 2021).
from which it spread too many other subtropical Insect pests cause damage to Sapota trees, the
and tropical regions, (Gilly. 1943). In 2002, most important insect pests of Sapota trees are,
Sapota was successfully cultivated in Giza, Fruit borer (Heterographisbengalella), Peach
Egypt, as a kind of fruiting evergreen fruit tree fruit fly (Bactrocera zonata), The sapodilla seed
(Fayek et al., 2012). Sapota fruits are used borer, (Trymalitis margarias), Mealy bugs
commercially for preparing several value-added (Rastrococcus iceryoide, Planococcus citri, M.
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which causing several damaged reducing yield of
sapota orchards due to reduce the nutritional,
Economic and Marketing value (Deshmukh,
200land Mani et al.,, 2008). Mealybugs
(Hemiptera: Pseudococcidae) are important plant
insect pests all over the world and including about
5000 species of mealybugs have been identified
from 246 plant groups (Arve et al., 2012). In
recent years, M. hirsutus (green) (Hemiptera:
Mealybug) has become one of the most injurious
species of mealybugs, which has appeared in
Egypt and is rapidly spreading and becoming a
serious pest in Egyptian orchards (Abd- Rabou,
2000) and (Mousa, 2001). Therefore, the main
purpose of this work included these points:
survey of the most popular scale insects and
mealybugs and their associated natural enemies
on Sapota, Seasonal population of M. hirsutus
and its predators and parasitoids during two
seasons of study on Sapota also, studied some
biological aspects on M. hirsutus under
laboratory conditions. This study is considered
the first in Egypt on Sapota trees to find out the
extent of the danger of the mealybug, which is a
major obstacle to the expansion of the cultivation
of Sapota trees.

2. Materials and methods

2.1.Study area
Field experiments were conducted in the

experimental research garden of the Horticultural
Research Institute, Agricultural Research Center,
Giza Governorate, Egypt. Where tropical Sapota
fruit trees are cultivated in this region and the
study was conducted during two consecutive
seasons 2020-2021 and 2021-2022.

2.2.Mealybugs Sampling
A Survey of mealybugs was carried out on six

Sapota trees, and Sample sizes of 100 leaves were
randomly taken from each orchard represent the
four cardinal directions and core of the trees. The
samples were bi-monthly during two seasons of
the study from January 2020 to December
2022.The Sapota trees were received some
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agricultural practices and weren’t subjected to
any chemical control. These samples were
immediately placed in plastic bags and
transported to the laboratory for examination.
Scale insects and mealybugs on these previous
samples were separately categorized into small
crawlers, adult females and gravid females and
were counted and recorded. The associated
predators and parasitoids species were related and
associated with insects and mealybugs, were
identified and recorded. Samples of infested
leaves were put in cartoon boxes and kept under
25-30°C and 65-70% R.H. for emerging. All
natural enemies were identificated by Prof. Dr.
Angel R. Attia, Plant Protection Research
Institute, Agricultural Research Center, Giza,

Egypt.

2.3.Seasonal populations of M. hirsutus and
Natural enemies
The period of Seasonal populations of hibiscus

mealybug, M. hirsutus on sapota and its
associated natural enemies were carried out
during two successive years from January 2020 to
December 2022. The estimated number and
durations of annual generations of pink hibiscus
mealybug, M. hirsutus (Green) on white Sapota,
M.zapota (L.) Van Royen was estimated by using
the formula of Audemard and Milaire (1975) and
Jacob (1977). Six trees were nearly on size, age.
Samples were taken at 14-day intervals also, size
of this sample were 100 leaves were taken
randomly from orchard through two years of this
study.

2.4.Biological study of M. hirsutus
Has been brought Solanumtuberosum L., red

Potato tubers var. Spunta were carefully rinsed in
tap water before placed it on moistened plastic
dishes 30cm. Water was sprayed on the plastic
plates every day to keep them moist and
encouraging sprouting. Within two weeks days,
the potatoes had sprouted 3-4 cm. The insects
were then transferred to the potatoes sprouts by
using small brush and grown in the laboratory at
26°C, 65+5% RH and a photoperiod of 12 hours.
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Female of mealybugs were transferred on
potatoes sprout for to laying eggs. New crawlers
developed and beginning to feed, growing into
adults. With using a fine camel hairbrush, the
freshly new adult females were separated and
placed on new potato sprouts and keeping it under
the previous laboratory conditions. The
biological experiment continued until the death of
the adult female on the host. Number of eggs,
crawlers and adults were monitored and
recording by using a stereomicroscope. In this
biological experiment, new second-generation
crawlers were used. The crawlers were observed
daily by the aid of binocular microscope to
establish the durations of nymphal stages. As well
as, the preoviposition, oviposition,
postovipostion periods, longevity and life cycle
for females were studied. Eggs of
Maconellicoccus hirsutuswere counted by using
binocular microscope to determine fecundity and
fertility of females. The effect of three constant
temperatures 15, 25 and 30°C and 65 + 5% RH
and a photoperiod 12 hrs reared under laboratory
conditions was examined. One gravid female was
released / tray it was each treatment had three
replicates.

2.5. Statistical Analysis
Significance of the developing of immature

stages and adults of M. hirsutus (Green) at three
constant  temperatures  under  laboratory
conditions was determined by one - way
ANOVA (analysis of variance). The mean values
were compared using Turkey's test at the (P <
0.05, LSD) level of significance. The adult
longevity was analyzed by two-way ANOVA.
Statistical analyses were run in (SPSS for
Windows version 16, Chicago: SPSS Inc.)

3. Result and discussion

3.1.Survey of mealybugs and natural enemies
There were many species of scale insects and

mealybugs were found on Sapota trees and
attacked the Vegetative, flowering and Fruiting
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stages of the trees (Mani et al. 2008) and (Garcia-
M et al., 2016). Data in Table, (1) showed that,
there were four species from family
(Pseudococcidae) were M. hirsutus (Green),
Planococcuscitri (Risso) Ferrisiavirgata
Cockerell and PhenacoccussolenopsisTinsley
were recorded during June-November and
Iceryaseychellarum (Westwood) from family
(Monophlebidae) during period fron May-
October and two species of (Coccidae)
Milviscutulusmangifera (Green) and
Coccusviridis (Green) were recorded in June-
November, (Dix-Luna, et al. 2018).Also, data in
Table, (2) showed that, there were various species
of predators and parasitoids associated with scale
insects and mealybugs. The species of predators
were recorded, Scymnus syriacus (Mars.),
Rodolia cardinalis (Mulsant), Hyperaspis
vinciguerrae Capra Chrysoperla carnea (Steph.)
and Orius albidipennis (Reuter) belonging to
three families were, Chrysopidae (Neuroptera),
Anthocoridae and Coccinellidae. (Coleoptera).
Whereas, seven species of parasitoids were
recorded, Leptomastidea abnormis (Girault),
Chartocerus subaeneus (Foerster), Blepyrus
insularis (Cameron), Anagyrus kamali Moursi,
Aenasius arizonensis (Girault), Coccophagus
scutellaris (Dalman), Metaphycus
flavus (Howard),  Leptomastidea  abnormis
(Girault) and Coccophagus scutellaris (Dalman)
belong to three families were Signiphoridae,
Aphelinidae and Encyrtidae (Hymenoptera),
These results were in agreement with those
obtained by (Abd-Rabou and Hendawy, 2005;
Attia, 2012; Adly et al., 2016) they indicated that,
there were various species of natural enemies
were recorded on many mealybugs speciesin
Egyptian orchards. These natural enemies were

Scymnussyriacus (Mars.), Anagyruskamali
Moursi, Rodoliacardinalis (Mulsant),
Hyperaspisvinciguerrae Capra

Chrysoperlacarnea (Steph.)
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Table 1. Scale insects and mealybugs infested Sapota, M. zapota (L.) during two successive seasons2020-2021/ 2021-

2022.
Pests Scientific name The infested crop stage Period of Peaks Status
occurrence
Pink-hibiscus Maconellicoccus Maior
mealybugs hirsutus(Green) !
citrus mealybugs Planococcus citri (Risso) Vegetative. flowering and June- Major
Striped mealybug Ferrisia virgata Cockerell g Fr,ui tin g November Major
Phenacoccus  solenopsis g .
Cotton mealybugs . Major
Tinsley
Icerya seychellarum : :
Seychellarum Vegetative, flowering and i .
mealybugs (Westwood) Fruiting May-October Major
Soft green scales Coccus viridis (Green) Major
L . . - June-
. Milviscutulus  mangifera Vegetative and fruiting .
Mango shield scale (Green) November Major

Table 2. List of natural enemies associated with scale insects and mealybugs Sapota, M. zapota (L.) which infested
Sapota during two successive seasons2020-2021 /2021-2022.

The associated natural

Order Family ; Stage Host
enemies
Coleoptera Coccinellidae _Scymnus Larvae & Adults
syriacus (Mars.)
. Leptomastidea abnormis
Hymenoptera Encyrtidae (Girault) Adults
Hymenoptera  Signiphoridae Chartocerus subaeneus Adults Ferrisia virgata Cockerell
(Foerster)
. Blepyrus insularis
Hymenoptera Encyrtidae (Cameron) Adults
Hymenoptera Aphelinidae Anagyrus kamali Moursi Adults
Neuroptera Chrysopidae Chrys?gfe r;ﬁ )C arnea Larvae & Adults
Hymenoptera Encyrtidae Leptomastl_dea abnormis Adults Maconellicoccus
(Girault) .
o Scymnus hirsutus(Green)
Coleoptera Coccinellidae . Larvae & Adults
syriacus (Mars.)
Hymenoptera ~ Aphelinidae Anagyrus kamali Moursi Adults
. Aenasius
Hymenoptera Encyrtidae arizonensis (Girault) Adults
. Chrysoperla carnea Phenacoccus solenopsis
Neuroptera Chrysopidae (Steph)) Larvae & Adults Tinsley
Coleoptera Coccinellidae Hyperaspis vinciguerrae Larvae
Capra
Coleoptera Coccinellidae Rodolia cardinalis Larvae
(Mulsant)
. Chrysoperla carnea Icerya seychellarum
Neuroptera Chrysopidae (Steph.) Larvae & Adults (Westwood)
Coleoptera Anthocoridae Orius albidipennis Adults
(Reuter)
. Metaphycus
Hymenoptera Encyrtidae flavus (Howard) Adults
Neuroptera Chrysopidae Chrysc()gze r;ﬁ )C arnea Larvae & Adults Coccus viridis (Green)
Hymenoptera ~ Aphelinidae Coccophagus Adults

scutellaris (Dalman)

78



Amer et al.,

SVU-International Journal of Agricultural Sciences, 5 (1): 75-86, 2023

and Oriusalbidipennis (Reuter),
Metaphycusflavus (Howard),
Leptomastideaabnormis (Girault) and
Coccophagusscutellaris (Dalman) during two
successive seasons 2020-2021 and 2021-2022.

3.2.Fluctuations of M. hirsutus and natural
enemies
Data in Fig. (1) indicated that, the total population
of M. hirsutus (Green) started in January where
66 and 62 individuals/ 100 leaves, respectively
during two seasons of study were. Thereafter, the
population increased to reach the peak of
population that was recorded in early November
1701 individuals/100 leaves during 2020-2021
and 1513 individuals/100 leaves. Moreover, the
population decreased in December which
recorded 344 and 285 individuals/100 leaves,
respectively during two seasons of study. With
regard to this data in Fig. (2 and 3) during the first
year of study we were recorded one species of
predators were associated with M. hirsutus
(Green) on Sapta trees. The predators were
Scymnussyriacus (Mars.), it was had three peaks
were recorded in June, September and October

when, the density was 12, 41 and 56 individuals/
100 leaves, respectively during first season of
study. Also, it had three peaks during second year
of study, the first one occurred in July, the second
in October and the last one was in November
when, the density were 15, 74 and 84 individuals/
100 leaves, respectively. As shown in Fig. (2 and
3), there were two species of parasitoids were
associated with M. hirsutus (Green) on Sapota
leaves. Leptomastidea abnormis (Girault) had
three peaks August, October, and November
during two seasons of study; the highest
population density was in November 76 and 103
individual / 100 leaves, respectively. As well as
Anagyruskamali Moursi had also, three peaks
were early August, mid —September and mid-
November when, the population density were 10,
19 and 22 individuals/ 100 leaves during first
seasons of study 2020-2021. Also, it had three
peaks were mid-July, mid-September, and mid-
November when the population densities were
22, 40 and 61 individuals, respectively during
second season 2021-2022, Fig. (3).
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Figure 1. Population density of different stages of M. hirsutuson Sapota, M. zapota (L.), during two seasons 2020-
2021/ 2021-2022.
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Figure 2. Population density of different natural enemies associated with, M. hirsutus on Sapota, M. zapota (L.) Van
Royen during first season 2020-2021.
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Figure 3. Population density of different natural enemies associated with, M. hirsutus on Sapota, M. zapota (L.),
Van Royen during second season2021-2022.

These results were in agreement with those
obtained by (EI-Sherbeni, et al., 2010) who stated
that, Anagyruskamali was recorded with M.
hirsutus (Green). It was found during March to
December and recorded the highest populations
of A. kamali occurred in September.

Data in Fig. (4) indicated that, M. hirsutus
(Green) had three overlapping generations in the
first seasons 2020-2021. However, the first
generation appeared during the beginning of
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January to until early May about 135 days and it
considered the longest generations with
population of 442 individuals /100 leaves. The
second generation extended from Mid- May to
Mid-August about 90 days and it was the lowest
generations  with  population  of 1989
individuals/100 leaves. At last, the third
generation was appeared from Early September
to mid-December about 120 days and the
population size was 7616 individuals/100 leaves.
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Figure 4. Generations of M. hirsutus on Sapota, M. zapota (L.) during first season2020-2021.

As shown in Fig. (5). Also, there were three
generations during the second seasons 2021-
2022. The first generation was the longest (180
days) but, second and third generations were
shortest (90 and 90 days). However, the first was
during Early January to until Mid-June (about
576 individuals/100 leaves). The second
generation extended from Early- July to Mid-
September (about 3433 individual's
individuals/100). The last generation appeared
from Early-October to Mid-December with 7559
individuals/100 leaves. These results were agreed
with (Manjunath, 1985) who mentioned M.
hirsutus (Green) had 2-3 generations/year in

India on grapevine. The first one was From
February to March and the second was during
November to February and (Osman, 2012)
mentioned thatM. hirsutus (Green) had three
generations under laboratory condition. The first
generation was the biggest one. As well as,
(Goolsby et al. 2002) mentioned that, the lowest
populations densities of M. hirsutus (Green) were
in rainy winter and the increasing on populations
was in summer and autumn seasons. Also, (Angu
et al., 2017) indicated that, lowest population of
M. hirsutus (Green) was in July and mid of
January.
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Figure 5. Generations of M. hirsutus on Sapota, M. zapota (L.) during second season2021-2022.
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3.3.Biological aspects of M. hirsutus
Impact of three degrees of temperature (15, 25,

and 30°C) on the development of immature stages
of M. hirsutus (Green) is presented in Table (3).
The longest incubation periods for eggs were 7.87
at 15°C and 2.11 and 5.90 days at 25 and 30°C
and it increased significantly with decreasing in

temperature. Also, the longest duration of 1%, 2"
and 3 nymphal stages were 10.32, 13.54 and
16.39 days at 15 °C. In contrary, the shortest
durations were  4.04, 5.53 and 7.11 days at 30
°C. While the total durations of nymphal stages
of M. hirsutus (Green) reared under 15°C was
40.25 and 24.69, 11.68 days at 25 and 30°C.

Table 3. Developmental durations of M.hirsutusimmature stages at three constant temperatures and 65 * 5% RH and

a photoperiod 12 hrs reared under laboratory conditions.

No. of Eggs incubation

Nymphal period (days) Mean = SE

Total nymphal

Temp. Rep. (Days) stage F
Mean = SE 1st ond 30 Mean + SE

s w7 Bm Emonm o em o

BC 10 g o i S W SR

o w3 e m o oum

Values (mean £+ SE) followed by different letters within a column are significantly different based on Tukey's test with

p < 0.05.

Temperature had highly significant effect on
incubation period and durations of nymphal
stage. Data on Table (4) indicated that, the longest
period of Pre-oviposition was 10.98 days at 15°C
and 7.56, 5.03 days at 25 and 30 °C. The ovi-
position period was 29.19 days at 15°C and 18.65
and 11.71 days at 25 and 30 °C. Also, the post-
oviposition period was 14.49, 11.15 and 6.88
days at 15°C, 25 °C and 30°C. Whereas the
longest Female longevity was 30.54 days at 15°C
and the lowest was at 23.01 and 20.76 days at 25

and 30 °C. As well as, the female fecundity is
presented in Table (4). The lowest mean female
fecundity was 105.63 eggs at 30 °C, while at 25
°C, the mean female fecundity increased to 53.0
+ 10.17 eggs. On the contrary, the greatest mean
female fecundity was 62.0 + 7.19 168.32 eggs and
207.44 eggs at 30 °C. It was clear that, the
greatest mean female fecundity founded at 30 °C.
The On the contrary, the lowest sex ratio (females
%) was 5 4.57 and 68.09 % at 25 and 30 °C, while
at 15 °C, the mean sex ratio was 37.08 %.

Table 4. Developmental durations of M.hirsutus females at three constant temperatures and 65 + 5% RH and a
photoperiod 12 hrs reared under laboratory conditions.

Pre- Ovi Post- Fecundity .
T o. of L . Lo . Sex ratio
emp. Re oviposition position oviposition  Longevity No. of (%) female
P period period period eggs/female
R 10.98+ 29.19+ 14.49+ 30.54+ 105.63+ 37.08+
e 10 0.21° 0.38° 0.12° 0.92¢ 18,547 0.2g= 2286
o 7.56+ 18.65+ 11.15+ 23.01% 168.32+ 5457+
2510 0.34° 0.44° 0.28" 1.41° 27.36" o670 04
R 5.03+ 11.71+ 6.88+ 20.76x 207.44+ 68.09+
30°C 10 0.26" 0.17° 0.41° 1.09° 40.11°¢ 1.12° 579

Values (mean + SE) followed by different letters within a column are significantly different based on Tukey’s test with
p < 0.05.
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There were highly significant effects of the tested
temperatures on the longitivity, Fecundity and
sex ratio of M. hirsutus (Green). On the other
hands, Durations of different developmental
stages of Maconellicoccus hirsutus (Green) males
are obtained in Table, (5). The shortest mean of
incubation period was 3.69 and 6.07 day at 30 and
25°C. At 15 °C, the mean incubation period was
increased to 10.69 days. Therefore, the longest
mean incubation period was at 15 °C. It was
observable, that the incubation period decreased
significantly with increasing of temperature.
Also, the longest durations of immature stages
(1%, 2" and 3') were 11.07, 11.87 and 14.28 days
at 15°C, respectively. The lowest durations were
7.27, 5.90 and 5.44 days at 30 °C. Whereas, the
longest durations of pupal stages were 17.55 °C

at 15 and decreased at 30 °C 6.54 days. Also, the
longitivity of males was decreased with
increasing temperatures. Our findings agree with
(Osman, 2012) who mentioned that M. hirsutus
which reared on pumpkin fruits at different
temperatures in the cages, M. hirsutus was
completed development in 48 days at 25 °C and
29days at 27 °C. With the results of (Chong et al.
2008) who mentioned that the longest female
longevity of M. hirsutus was at 27°C and it were
27 °C (19.9 day), and 30°C (19.5 day). They
mentioned that, increasing of temperatures had
significant effect on development of immature
stages, males, and females under laboratory
conditions, also, the most suitable temperatures
on rearing M. hirsutuswas 26°C. (Babu and Azam
1987).

Table 5. Developmental durations of M. hirsutus males at three constant temperatures and 65 + 5% RH and a

photoperiod 12 hrs reared under laboratory conditions.

Durations (days) different developmental stages of Maconellicoccus hirsutus (Green) males

Temp. MeanzSE.

Egg 1t 2nd 3 Pupae Longtivity F

15°C 10.69+ 11.07+ 11.87+ 14.28+ 17.55+ 2.55¢ 13.46
0.432 0.272 0.16% 0.35? 0.672 0.11°

25°C 6.07+ 8.08+ 8.56+ 10.49+ 10.21+ 1.58+ 8.86
0.29b 0.43° 0.31° 0.51b 0.540 0.15°

30°C 3.69+ 5.44+ 5.90+ 727+ 6.54+ 1.08+ 7.81
0.21° 051° 0.59°¢ 0.29° 0.38° 0.08°

Values (mean + SE) followed by different letters within a column are significantly different based on Tukey'’s test

with p < 0.05.

4, Conclusion

In this paper, the obtained results showed that
Sapota trees were attacked by many species of
scale insets and mealybugs. Five species of

mealybuhs were recorded, M. hirsutus,
Planococcuscitri (Risso) Ferrisiavirgata
Cockerell ~and  Phenacoccus  solenopsis
Tinsleywere  recorded  Iceryaseychellarum

(Westwood) and two species of (Coccidae)
Milviscutulus mangifera (Green) and Coccus
viridis (Green). The most dangerous of these
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insect pests which attacks Sapota trees during
seasons of study was M. hirsutus. We found that,
the peak of population of M. hirsutus that was
recorded in early November 1701 individuals/100
leaves  during  2020-2021 and 1513
individuals/100 leaves. While the population
lowest opoulation density was in December 344
and 285 individuals/100 leaves, respectively
during 2020-2021 and 2021-2022. Also, we
recorded one species of predators, was Scymnus
syriacus (Mars.), it was had three peaks were
recorded in June, September and October during
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first season of study and July, October and
November during second season of study. Also,
recorded two species of parasitoids, the first one
is Leptomastideaabnormis (Girault) which had
three peaks August, October, and November
during two seasons of study. As well as Anagyrus
kamali Moursi had also, three peaks were early
August, mid —September and mid-November
during first seasons of study 2020-2021. Also, it
had three peaks were mid-July, mid-September,
and mid-November during second season 2021-
2022. Also, we recorded that, the effects of
different temperatures in durations and
development of immature stages (eggs and
nymphs) and adults (females and males) of M.
hirsutus was decreased with each increase of
temperature. Whereas, durations of eggs, three
nymph instars, pre -oviposition period,
oviposition period and post- oviposition period
were longest at 15° C and on the contrary were
lowest at 25 and 30° C. As well as, the longtivity
of females and males were lowest at 25 and 30°
C and longest at 15°C. Also, the No. of eggs
/female  was increased with increasing
temperatures. Sex ratio also, increased at 25 and
30° C. So, the most suitable temperatures for
rearing M. hirsutus  were 25- 30 °C under
laboratory conditions. The previous results will
help us how controlling this insect pests on
orchards.
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