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Abstract

Background: Phenacoccus solenopsis (Tinsley) and Icerya seychellarum (Westwood) are the most important sucking insect
attack several important economic crops around the world. Also, it secretes what is known as honeydew on the surfaces of the
infested leaves of plants, which provides a fertile medium for the growth of black rot fungi that hinders the photosynthesis of
these plants. Finally, the infestation by these species leads to losses in both quantity and quality of the crop.

Materials: These compounds were (Biosect (3.2 X 10 ¢ spores/mg) and Biover (3.2 X 10 * spores/mg)), the two compounds
contain Beauveria bassiana (Balasamo). Also used Silica gel where add Biosect with Silica gel ratio (2:1 & 1:1), Biosect:
Silica gel. The concentrations used were 3.2 X 10 4, 3.2 X 10 5and 3.2 X 10 ° spores/mg of Biosect and add silica gel by ratio
2: 1 and 1:1 Biosect: Silica gel from concentration 3.2 X 10 8. The concentrations used were 3.2 X 102, 3.2 X 10 %and 3.2 X
10 # spores/mg of Biover.

Results: that efficiency of tested Entomopathogenic fungi against Phenacoccus solenopsis nymphs and adults under
laboratory conditions: In nymphs % mortality ranging between 26.22 - 80 %. In adults and Percent mortality ranging between
6.66 % to 96.66 % at the concentration (3.2 X 10* spores/ ml.) of Biosect. In nymphs Percent mortality ranging between 10 —
97.0 %. In adults Percent mortality ranging between 35.22 - 100% at the concentration (3.2 X 10* spores/ ml.) of Biover. Also,
at the concentration (3.2 X 10 spores/ ml.) of Biosect + Silica, % mortality of nymphs ranging between 55.22 - 100 % and in
adults % mortality was 46.66 -100%. While on Icerya Seychellarum nymphs and adults under laboratory conditions. In
nymphs % mortality ranging between 10.0 - 76.9%. In adults Percent mortality ranging between 3.22 - 66.88 % at the
concentration (3.2 X 10 spores/ ml.) of Biosect, in nymphs Percent mortality ranging between 9.44 - 100 %. In adults Percent
mortality ranging between 9.44- 95.0 % at the same concentration of Biover and in nymphs % mortality ranging between 29.0
- 100 %. In adults % mortality was 15.44 - 100% at the concentration (3.2 X 10* spores/ ml.) of F.+ Silica. During okra season
2022, Biosect+ Silica gel (1:1) was the most potent compound in reducing the population density of the P. solenopsis nymph
and adult after three days (84.38 and 100% reductions of nymph and adult, respectively), after 7 days, the reductions were
93.07 and 100% with an average of 95.53% and provided an overall average of 91.74%. Biover (3.2 X 10* spores/mg) were
the least effective compounds, where overall average reduction ratios were 75.90 %.
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Introduction

Okra, Abelmoschus esculentus (Linn.) Moench, also known
as lady’s finger (family: Malvaceae), is one of the most
important economical and high-income vegetables for
farmers around the world. It is a rich source of fiber,
ascorbic acid, and antioxidants. Okra is also an important
source of potassium, phosphorus, and calcium [,
Phenacoccus solenopsis Tinsley is one of the most
important sucking insect pests that attack several important
economic crops around the world. Also, the cotton
mealybug secretes what is known as honeydew on the
surfaces of the infested leaves of plants, which provides a
fertile medium for the growth of black rot fungi that hinders
the photosynthesis of these plants. It has been infested from
175 host plant species in 45 families, and from 26 countries
in different ecological zones ™. It causes damage by
depleting the sap from all plant parts such as feeders on
roots, root crowns, stems, twigs, leaves, flowers, and fruits.
Also, P. Solenopsis sucks large quantity of the plant sap
from stems and leaves it causes weakening and death the

susceptible plants and indirectly damage by transmission
plant diseases, which leads to a loss in yield in terms of
quantity and quality B 4. This pest spread rapidly on
different host plants to the extent that recorded it on 29 host
plant species belonging to 16 plant families including field
crops (3), vegetables (3), ornamentals (7), weeds (13) and
fruits (3) [, Also, this insect pest was recorded for the first
time in Egypt on weed plants by 1. In Egypt, P. solenopsis
was recorded for the first time on the okra plants at the
inception during the summer season [l The Cotton
mealybug, P. solenopsis has a new distribution and attack
important host plants such as cotton, ornamental plants,
eggplants, okra, and certain weeds [l The population
density of P. solenopsis recorded the highest peaks of
abundance on okra plants throughout its growth period [,
The cotton mealybug, P. solenopsis affected the life cycle
by different host plants and the fecundity was significantly
affected by different host plants. Also, the insect pest
recorded on the cotton plants, tomato, potato, and squash
plants. Awadalla et al., % . Ata [*2 In Egypt, guava
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Psidium gaujava L. is attacking by several species of
mealybugs (Hemiptera: Margarodidae) that finally the
infestation by these species leads to losses in both quantity
and quality of the crop [*3 4. One of the most harmful
species of mealybugs that attack guava trees in Egypt is the
seychellarum mealybug, lIcerya seychellarum (Westwood)
[3%1, Pests infest citrus trees in diverse ways. The cottony
cushion scale is one of the most damaging citrus pests 161,
This pest is a very polyphagous insect pest that feeds on 123
different plant species from 49 different plant families [,
Biological control involving entomopathogenic fungi played
an important role in control mealybug pests of economically
important crops. There is an immediate need to develop
economically feasible and viable integrated pest
management approach to combat the insect pests.
Management of cotton mealybug chemically is difficult due
to its wide host range, presence of waxy coating on the body
and high reproductive potential. But the crawler stage is the
most fragile and easily controllable stage in its life history.
Recently Bio-pesticides have been recommended for the
control of P. solenopsis and 1. seychellarum [1& 19,
Biological control of insect pests using different entomo-
pathogenic microorganisms is gaining importance due to
their target specificity, self-perpetuity, and obvious safety to
the environment. The pest control prospects chiefly of
entomopathogenic  fungi, Metarhizium anisopliae and
Beauveria bassiana have been proved beyond doubt over
the decades. [*:20.21],

This study was conducted with the aim to evaluate the
efficiency of some different entomopathogenic fungi against
cotton mealybug P. solenopsis on okra plants and 1.
seychellarum on guava trees under laboratory and field
conditions.

Materials and methods

Experimental design

Entomopathogenic  fungi  test against Phenacoccus
solenopsis Tinsley and Icerya seychellarum (Westwood)
under laboratory conditions

Insects

Cotton mealybug, P. solenopsis collected from infected okra
plants. and the seychellarum mealybug, I. seychellarum was
collected on guava trees in Sakha, Kafr-El sheikh
Governorate, Egypt during the 2022 season.

Bioassay
Evaluation of the effectiveness of two microbial compounds

against cotton mealybug, P. solenopsis (nymphs and adults)
on okra and I. seychellarum (nymphs and adults) on guava
plants and under laboratory conditions of 25 £ 2 °C, 85+ 5
RH and a 13:11 (L:D) photoperiod. Also, these compounds
were evaluated for controlling cotton mealybugs on okra
plants under field conditions during the 2022 season.

Rearing of test insect

In the present work cotton mealybug, P. solenopsis (nymphs
and adults) were reared inside wooden box (100 x 50 x50
cm) on okra plants and I. seychellarum (nymphs and adults)
were reared inside wooden box (100 x 50 x50 cm) on guava
plants.
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Laboratory application

Ten second-phase nymphs and adults from each of; P.
solenopsis and 1. seychellarum were transferred to okra
leaves and guava leaves, placed in a Petri dish (9 cm
diameter) and prepared for fungal treatments. Each
treatment was repeated three times in addition to the control.
Adults and nymphs were sprayed with all concentration.
Every day were examining the insects and recorded it to
count the percent mortality.

Treatments

Entomopathogenic Fungi

Commercial Compounds

These compounds were (Biosect (3.2 X 10° spores/mg) and
Biover (3.2 X 10* spores/mg)), the two compounds contain
Beauveria bassiana (Balasamo). Also used Silica gel where
add Biosect with Silica gel ratio (2:1 & 1:1), Biosect: Silica

gel.

Preparing Concentrations
The concentrations used were 3.2 X 104, 3.2 X 105 and 3.2
X 106 spores/mg of Biosect and add silica gel by ratio 2: 1
and 1:1 Biosect: Silica gel from concentration 3.2 X 108,
The concentrations used were 3.2 X 102, 3.2 X 10% and 3.2
X 10* spores/mg of Biover.

The effect of tow entomopathogenic fungi against
Phenacoccus solenopsis on okra plants under field
condition

Experiment was conducted during late summer 2022 to
evaluate the efficacy of tow entomopathogenic fungi against
P. solenopsis on the previously mentioned of okra plants
variety at the field of sakha district, kafr-elsheikh
governorate, Egypt. The experiment was laid out in a
randomized block design with three treatments (Biosect (3.2
X 108 spores/mg) and Biover (3.2 X 10* spores/mg, Biosect:
Silica gel) and control. Each treatment contained three
replications (42 m2 each) per plot. A knapsack sprayer
provided with one nozzle delivering 200 | water/feddan was
used the numbers of different stages of P. solenopsis were
recorded on whole plant and recorded a day before spray
and three, five, seven, ten and14 days after spray.

Statistical analysis

Mortality data was corrected with that in control by using
[22],

Results

Entomopathogenic fungi test against Phenacoccus
solenopsis Tinsley and Icerya seychellarum (Westwood)
under laboratory conditions

Data presented in Table (1and 2) indicated that efficiency of
tested Entomopathogenic fungi against Phenacoccus
solenopsis nymphs and adults under laboratory conditions.
Mortality percentage of adults was 36.62 % after 5 days, at
the concentration (3.2 X 10* spores/ ml.) of Biosect but after
7™ days of infection of adults was 96.66 % with the same
concentration. While percent mortality of nymphs was 46.58
% after 51 days, at the concentration (3.2 X 10* spores/ ml.)
of Biosect but after 7 days of infection of nymphs was 80
% with the same concentration. In nymphs % mortality
ranging between 26.22 - 80.0 %. In adults Percent mortality
ranging between 6.66 % to 96.66 %. The % mortality of
adults was 55.44 % after 5" days, at the concentration (3.2
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X 10* spores/ ml.) of Biover but after 7" days of infection of
adults was 100 % with the same concentration. While
percent mortality of nymphs was 76.66 % after 5" days at
the concentration (3.2 X 10* spores/ ml.) of Biover. In
nymphs Percent mortality ranging between 10 — 97.0 %. In
adults Percent mortality ranging between 35.22- 100%.
Also, the % mortality of adults was 76.22 % after 51 days,
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at the concentration (3.2 X 10* spores/ ml.) of F.+ Silica

(1:1) but after 7™ days of infection of adults was 100 % with
the same concentration. While % mortality of nymphs was
95.66 % after 5" days at the concentration (3.2 X 10*
spores/ ml.) of F.+ Silica. In nymphs % mortality ranging
between 55.22 - 100 %. In adults % mortality was 46.66 -

100%.

Table 1: Mortality percentage of Phenacoccus solenopsis Adults after infected with Entomopathogenic fungi under
laboratory conditions (25 £ 2 °C, 85 + 5 RH and a 13:11 (L:D) photoperiod).

Days after treatment | Control Biosect Biover F.+ Silica
*C1 C2 Cs **Cy Cz Cs *** Cy Cz
2nd - _ - _ _ _ _ _ _
3 - 6.66 16.66 26.66 | 22.0 | 33.33 | 35.22 | 40.22 | 46.66
4t - 26.66 43.33 53.34 | 25.0 | 33.66 | 38.33 50.8 56.66
5 - 36.62 53.36 63.33 | 32.0 | 43.32 | 55.44 65.3 76.22
6t - 56.33 73.35 83.88 | 38.0 | 5422 | 72.22 85.0 96.33
7t - 96.66 100 100 85 92 100 100 100

*3.2 X 104(C1), 3.2 X 10°(C2) and 3.2 X 10° (C3) spores/mg of Biosect
**3,2 X 10%(C1), 3.2 X 103(Cz2) and 3.2 X 10* (C3) spores/mg of Biover

**% (2:1 (C1), & 1:1(C>)), Biosect: Silica gel

Table 2: Mortality percentage of Phenacoccus solenopsis Nymphs after infected with Entomopathogenic fungi under

laboratory conditions (25 £ 2 °C, 85 + 5 RH and a 13:11 (L:D) photoperiod).

Biosect Biover F.+ silica
Days after treatment Control *C C, G 1T G G T c | G
2nd _ - _ _ _ - _ _ _
3 - 26.22 | 36.66 | 53.33 | 10.0 | 13.33 | 10.0 | 13.33 | 55.22
4t - 36.67 | 46.47 | 73.22 | 33.22 | 25.22 | 43.33 | 76.33 | 78.66
5t - 46.58 | 66.22 | 86.45 | 43.35 | 43.33 | 76.66 | 90.8 | 95.66
6™ - 66.33 | 86.55 | 95.0 | 53.43 | 63.88 | 86.88 | 98.0 100
7t - 80.0 | 950 | 100 | 70.0 | 85.0 | 97.0 100 100

*3.2 X 104(C1), 3.2 X 10°(C2) and 3.2 X 10° (C3) spores/mg of Biosect
**3.2 X 10%(Cy), 3.2 X 10%(C2) and 3.2 X 10* (Cs) spores/mg of Biover

**% (2:1 (C1), & 1:1(C>)), Biosect: Silica gel

Data presented in Table (3and 4) showed that efficiency of
tested Entomopathogenic fungi against of Icerya
Seychellarum nymphs and adults under laboratory
conditions. Mortality percentage of adults was 23.25 % after
5 days, at the concentration (3.2 X 10* spores/ ml.) of
Biosect but after 10" days of infection of adults was 66.88
% with the same concentration. While percent mortality of
nymphs was 33.33 % after 5" days, at the concentration (3.2
X 10* spores/ ml.) of Biosect. In nymphs % mortality
ranging between 10.0 - 76.9%. In adults Percent mortality
ranging between 3.22 - 66.88 %.

The % mortality of adults was 30.0 % after 5" days, at the
concentration (3.2 X 10* spores/ ml.) of Biover but after 10t"

days of infection of adults was 95.0 % with the same
concentration. While percent mortality of nymphs was 58.33
% after 5 days at the concentration (3.2 X 10* spores/ ml.)
of Biover. In nymphs Percent mortality ranging between
9.44 - 100 %. In adults Percent mortality ranging between
9.44- 95.0 %.

Also, the % mortality of adults was 41.0 % after 5" days, at
the concentration (3.2 X 10* spores/ ml.) of F.+ Silica but
after 10 days of infection of adults was 100 % with the
same concentration. While % mortality of nymphs was 75.8
% after 5 days at the concentration (3.2 X 10* spores/ ml.)
of F.+ Silica. In nymphs % mortality ranging between 29.0 -
100 %. In adults % mortality was 15.44 - 100%

Table 3: Mortality percentage of Icerya Seychellarum Adults after infected with Entomopathogenic fungi under
laboratory conditions (25 £ 2 °C, 85 + 5 RH and a 13:11 (L:D) photoperiod).

Biosect Biover F.+ Silica
Days after treatment Control *C ) s < Cy ) Cs —) G
2nd - - _ _ _ _ _ _ _
3rd - 3.22 | 533 |10.88 | 3.0 5.0 9.44 11.33 | 1544
4th - 3.33 | 8.66 | 23.33 | 3.33 7.0 | 2055 | 25.55 | 30.22
5th - 23.25 | 25.0 | 33.33 | 16.88 | 23.33 | 30.0 36.33 41.0
6 - 33.22 | 43.33 | 56.66 | 30.0 | 33.56 | 46.33 | 60.22 | 65.33
7th - 43.43 | 53.88 | 75.0 | 36.88 | 48.22 | 66.66 | 82.44 | 87.43
gt - 50.0 | 66.60 | 86.0 | 46.22 | 55.9 | 76.88 90.2 95.7
gth - 56.66 | 70.0 100 | 50.66 | 66.66 | 90.0 100 100
10t 66.88 | 75.0 100 60.0 | 70.33 | 95.0 100 100

*3.2 X 104(Cy), 3.2 X 10°(C;) and 3.2 X 10° (C3) spores/mg of Biosect

**3,2 X 10%(Cy), 3.2 X 10%(Cy) and 3.2 X 10* (Cs) spores/mg of Biover

*** (2:1 (Cy), & 1:1(Cy)), Biosect: Silica gel
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Table 4: Mortality percentage of Icerya Seychellarum Nymphs after infected with Entomopathogenic fungi, under laboratory conditions (25 +2 °C, 85+ 5
RH and a 13:11 (L:D) photoperiod).

Biosect Biover F.+ silica
Days after treatment Control *C, C Cs C, C C — C
2nd _ _ _ _ _ _ _ _ _
3rd - 10.0 12.0 26.66 9.33 10.0 10.0 27.0 29.0
4t - 10.0 33.33 33.33 9.66 18.33 33.0 35.0 40.0
5t - 33.33 43.33 70.0 22.22 33.33 58.33 73.33 75.8
6t - 40.33 50.0 73.33 35.66 48.0 65.0 75.9 77.66
7t - 45.66 63.33 75.22 48.7 55.22 68.0 83.33 87.0
8t - 55.8 66.66 86.66 50.66 58.66 78.0 90.0 95.8
ot - 67.33 86.22 94.0 62.33 76.9 86.0 98.0 100
10t - 76.9 90.0 100.0 72.0 86.88 100.0 100 100

*3.2 X 104(Cy), 3.2 X 10°(C,) and 3.2 X 10° (C3) spores/mg of Biosect
**3,2 X 10%(Cy), 3.2 X 103(C;) and 3.2 X 10* (Cs) spores/mg of Biover
*** (2:1(Cy), & 1:1(Cy)), Biosect: Silica gel

The effect of entomopathogenic fungi on Phenacoccus solenopsis under field condition

Table (5): potency of different entomopathogenic fungi against cotton mealy bug, P. solenopsis population under field conditions during okra season 2022.

Population reduction %
Treatment [Rate Feddan 3 Days 5 days 7 days | 10 days | 14 days Overall average
AdultNymph/Average/AdultNymph|Average| Adult NymphlAverage/AdultNymph|AveragelAdultNymphlAverage
Biosect (3.2 X 10 ® spores/mg)(62.75| 77.94 | 70.34 |34.40| 88.44 | 61.42 |28.03| 87.53 | 57.79 (95.76| 96.47 | 96.12 |87.27| 97.79 | 92.53 75.64
Biovar (3.2 X 10 # spores/mg) [21.37| 100.0 | 60.69 [43.08 97.42 | 70.25 |47.65| 88.43 | 68.04 (96.99 89.36 | 93.17 [37.96| 86.70 | 87.33 75.90
Biosect+ Silica gel 84.38| 100.0 | 92.19 [94.78 91.93 | 93.36 |93.07|100.00| 96.53 [96.81| 94.46 | 95.64 |93.62| 65.36 | 80.99 91.74
Control 00.00( 00.00 | 00.00 |00.00| 00.00 | 00.00 |00.00| 00.00 | 00.00 |00.00| 00.00 | 00.00 |00.00| 00.00 | 00.00 00.00
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Data presented in Table (5) show the efficiency of tested
entomopathogenic fungi against cotton mealy bug P.
solenopsis nymphs and adults under field conditions during
okra season 2022.

Data in Table (5) show that Biosect+ Silica gel was the most
potent compound in reducing the population density of the
P. solenopsis nymph and adult after three days (84.38 and
100% reductions of nymph and adult, respectively), after 7
days, the reductions were 93.07 and 100% with an average
of 95.53% and provided an overall average of 91.74%.
Biosect (3.2 X 10° spores/mg) resulted in P. solenopsis
nymph and adult population reductions of 62.75 and 77.94
% after three days of treatment in nymph and adult
population, respectively. After ten days of treatment, the
reduction was 95.76 and 96.47% in the P. solenopsis nymph
and the adult population, respectively with an average of
96.12% given the overall mean of 75.64%

Biover (3.2 X 10* spores/mg) were the least effective
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compounds, where reduction ratios were recorded 21.37 and
100.00% after three days and 96.99 and 89.36 % after 10
days from treatment in P. solenopsis nymph and adult
population reductions with an average of 93.17% and with
overall average of 75.90 %.

Data illustrated in Fig. (1) show Mean population
abundance of P. solenopsis nymphs and adults on okra
plants after treatment with entomopathogenic fungi under
field conditions during 2022 season. The highest peaks were
recorded 8 and17 individual’s nymphs and adults after 5
days from treatment with Biosect (3.2 X10° spores/mg),
respectively. followed by the second one and presented
by10.4 adults after 5 days from treatment with Biover (3.2
X 10* spores/mg). While the lowest peak was recorded
mean average population density of P. solenopsis 1.8 adults
after 5 days form treatment with Biosect+ Silica gel. Also,
not recorded any mean average for nymphs after 5 days
form treatment with Biover (3.2 X 10* spores/mg) and
Biosect+ Silica gel during this study.

P solenopsis

Fig 1: Mean numbers of P. solenopsis nymphs and adults on okra plants under field conditions during 2022 season.

Discission

The population density of the cotton mealybug, P.
solenopsis recorded the highest peaks of abundance on okra
plants during the two successive seasons 2018 and 2019 and
presented by 341 and 397individuals in the third week of
October 2018 and in the second week of October 2019,
respectively . This results according with 31 where used
the same compounds against Spodoptera littoralis;
Spodoptera exigua; Aphis craccivora; and Pegomyia mixta.
Also, 21 ysed of Entomopathogenic fungi against the
Oliver black scale insect, Saissetia oleae (Oliver) and
mentioned that these compounds may be used as
components in (IPM) programmes for controlling this insect
pest and to avoid pollution of environment and hazards to
man or animals.
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