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ARTICLEINFO ABSTRACT
Article History The cotton mealybug, Phenacoccus solenopsis Tinsley is an
Received: 2/9/2021  important pest that infested many vegetable crops. Aenasius arizonensis
Accepted: 7/11/2021  (Girault) was found associated with this pest. In this study, the effect of
different densities of P. solenopsis on the parasitism ratio of A. arizonensis
Keywords: females and calculation of the parasitoid to host ratios mathematically (PHR)
Phenacoccus was carried out under laboratory constant conditions of 25+1°C, 70+5% RH
solenopsis, host  and 12:12 (L:D) hrs. The densities of 10, 20, 30, and 40 individuals of the
density, Aenasius third nymphal instar were tested: 10, 20, 30, and 40 nymphs. The obtained
arizonensis, results showed that there were significant differences between the percentage
Parasitism ratio.  of parasitism by mated and unmated A. arizonensis females and the density
of the third nymphal instar of the cotton mealybug whereas LSD values were
10.75 and 6.66, respectively. The highest parasitism percentage was recorded
with the lowest value of host density in all the treatments. Parasitoid to host
ratio (PHR) was calculated mathematically at 50 % (PHRso) equaled 21.55
individuals and PHR2s equaled35.92 individuals for mated females, but PHR 25
was 22.29 individuals for unmated females. The obtained results are useful in
developing (IPM) programs against the previously mentioned pest through
the effect of host density on the associated parasitoid efficacy for choosing
the best time to release parasitoid. The present study suggests the possibility
of utilization of A. arizonensis as an ideal biocontrol agent to reduce P.
solenopsis populations.

INTRODUCTION

The cotton mealybug, Phenacoccus solenopsis Tinsley is a mostly polyphagous
insect that infested a huge number of field and horticultural crops. Mealybug does not only
weaken the host plant by sucking the sap but also it is responsible for transmitting diseases.
(Bertin et al., 2010). Furthermore, it excreted honeydew on surfaces of plants which
provides a medium for the development of black mold which reduces the photosynthesis
efficiency of the plant (Buss and Turner ,2006 and Nabil and Hegab, 2019). The outbreaks
often occur when mealybugs get introduced into new locations in the absence of their
natural enemies Dhaliwal (2010). Therefore, the parasitoid has been played as a good option
in IPM programs in reducing the populations of mealybug where it is more sensitive to the
chemicals than the target pests. (Bokonon-Ganta et al., 2002; Muniappan et al., 2006;
Roltsch et al., 2006 and Shylesha et al., 2010). In this study, it was found that the effect of
the different third nymphal stage densities of P. solenopsis on the parasitism ratio of
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Aenasius arizonensis (Girault)females to find out the suitable time to release parasitoid that
can be beneficial when developing an integrated program for this pest. Thus, a new theory
can be reached to expand the use of parasitoids parasites associated with this pest, which
makes progress in the integrated control of the pest safely without the use of pesticides that
may pollute the environment.

MATERIALS AND METHODS

This study was carried out under constant laboratory conditions of 25£1°C, 70+5%
RH and 12 hours of photoperiod at Plant Protection Department, Faculty of Agriculture,
Zagazig University, Egypt.
Collection of Insects:

The mummies of the cotton mealybug, P. solenopsis and its associated parasitoid, A.
arizonensis were collected from okra plants, Abelmoschusesculentus L. (Malvaceae) at
Hihya district, Sharkia Governorate, Egypt.

Effect of the Cotton Mealybug Density on The Parasitism Ratio of Aenasius arizonensis
(Girault):

The mummies were separated individually in test tubes as female and male mummies
and were kept till the emergence. Five replicates of different numbers of the third nymphal
instar of P. solenopsis including 10, 20, 30 and 40 nymphs were offered to newly emerged
mated and unmated females on potato sprouts at glass lamp container (15cm long and 10cm
diameter) covered with a muslin cloth. The duration of the experiment was 48 hrs. and then
the parasitoids were removed and the containers containing mealybug nymphs were kept in
incubators at the same constant conditions. When the mummies appeared on the potatoes,
their numbers were recorded to calculate the parasitism percentages and sex ratios.
Statistical Analysis:

Data were subjected to analysis of variance (ANOVA) using a software package,
CoStat Statistical Software (2005), a product of Cohort Software, Monterey, California.
Means were compared by calculated least significant differences at P < 0.05 level of
probability. To calculate the Parasitoid to Host Ratio (PHR) at 25 and 50%, the partial
regression formula was used according to Hendi (1969) and Nabil (2003), the dependence
variance () represented the percentage of parasitism and the independent variance (X) was
the host density. The partial regression was used to show the variability in the percentage of
parasitism that is caused by the variable in host density. The slop (b) of the straight regression
line was calculated to obtain the corrected values of the percentage of parasitism by using
the formula: Y = a + bX.

RESULTS AND DISCUSSION

Effects of the Cotton Mealybug Density on The Parasitism Ratio of Aenasius
arizonensis (Girault)

Data tabulated in Tables (1 and 2) showed that the percentage of parasitism by mated
and unmated A. arizonensis females were significantly affected by different densities of the
host, third nymphal instar of P. solenopsis.

The highest parasitism percentage of mated and unmated A. arizonensis females were
82.00% and 44.00% when the host density was 10 individuals per treatment, followed by
36.00 & 21.00% and 32.67&13.33% for 20 and 30 individuals of third nymphal instar,
respectively. While the lowest percentages of parasitism were 25.00% and 9.50% for 40
individuals of the third nymphal stage.
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The statistical analysis showed that there were significant differences between the
percentage of parasitism and the host densities of the third nymphal stage of the cotton
mealybug whereas the LSD values were 10.75 and 6.66for mated and unmated females,
successively.

The sex ratios by mated females were almost to 1:1 in all over the treatment while it
was 0:1 when females did not mate as the new offspring were males only (Table 3).

As shown in Figs. (1 and 2) to evaluate the Parasitoid to Host Ratio (PHR), the straight-
line formula between mated and unmated A. arizonensis females and different densities of
the host, third nymphal instar of P. solenopsis Y=87.50 — 1.74 X and Y=49.75 - 1.11 X
were applied, conclusively. The Parasitoid to Host Ratio at 50 and 25% of parasitism (PHRso
and PHR2s5). PHRspwas 21.55 individuals and PHR2s equaled 35.92 individuals. That means
in IPM programs especially parasitoid release when the reduction or parasitism ratio needs
to be between 25 to 50%, the host density must be from 22 to 36 individuals to every mated
female. While for unmated females the PHR2s was 22.29 individuals. That means the
parasitism ratio needs to be 25 % the host density must be from 22.29 individuals.

Table 1. Parasitism percentage of mated Aenasius arizonensis (Girault) females on different
third nymphal instar densities of Phenacoccus solenopsis Tinsley under laboratory
constant conditions of 25+1°C, 70+5% RH and a photoperiod of 12:12 (L:D) hrs.

Host No. of "
density | Rep parazitied Par?ltlsm Mean %= SE
individuals %
1 8 80.00
2 8 80.00
10 3 10 100.00 82.002:6.62%
4 6 60.00
5 9 90.00
1 7 35.00
2 6 30.00
20 3 7 35.00 36.00"+1.87%
4 8 40.00
3 8 40.00
1 10 33.33
2 11 36.67
30 3 10 33.33 32.67"+1.63%
4 8 26.67
5 10 33.33
1 11 27.50
2 9 22.50
40 3 10 25.00 25.00°+1.12%
4 11 27.50
3 9 22.50
P < 0.000]**
LSD 10.75

Means in column with the same letter are not significantly different at 0.05 levels
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Table 2. Parasitism percentage of unmated Aenasius arizonensis (Girault) females on
different third nymphal instar densities of Phenacoccus solenopsis Tinsley under
laboratory constant conditions of 25+1°C, 70+5% RH and a photoperiod of 12:12
(L:D) hrs.

Host No. of
density

parazitied Parasitism Mean%-z+ SE

individuals %o
4 40.00
50.00
50.00 44.002+£3.99%
30.00
50.00
25.00
25.00
20.00 21.00"+1.87%
20.00
15.00
13.33
13.33
13.33 13.3300%
13.33
13.33
10.00
10.00
10.00 9.50°+0.50%
10.00
7.50
P < 0.000] **
LSD 6.60

Means in column with the same letter are not significantly different at 0.05 levels
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Table 3. Sex ratio of the progeny of mated and unmated Aenasius arizonensis (Girault)
females on different nymphal instar densities of Phenacoccus solenopsis Tinsley
under laboratory constant conditions of 25+1°C, 70+5% RH and a photoperiod of
12:12 (L:D) hrs.

Host Mated females Unmated females
density No. of emerged Sex ratio No. of emerged Sex ratio
parasitoids parasitoids
10 20 19 1.05:1 0 22 0:1
20 18 18 1:1.1 0 21 0:1
30 24 25 1:1.04 0 20 0:1
40 25 25 1:1 0 19 0:1
Total 87 87 0 82
Mean 1:1 0:1
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Fig.1. The calculated Parasitoid to Host Ratio at 50 and 25% (PHRso and PHRg2s) of
parasitism between mated Aenasius arizonensis (Girault) females on different third
nymphal instar densities of Phenacoccus solenopsis Tinsley under laboratory
conditions
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Fig. 2: The calculated Parasitoid to Host Ratio 25% (PHR2s) of parasitism between unmated
Aenasius arizonensis (Girault) females on different third nymphal instar densities of
Phenacoccus solenopsis Tinsley under laboratory conditions.

The results showed that the parasitism ability of mated and unmated A.arizonensis
females was enhanced along with the third nymphal instar stage density decreasing whereas
the host density played a significant role in parasitism of A. ariozonensis. The mean numbers
of parasitized nymphs were obviously decreased with increasing the number of host densities
from 10 to 40 host densities, which provided to this parasitoid. These results are similar to
parasitic behavior observed by Fen He et al. (2015) in China, who reported that the mated
parasitoid females of Aenasius bambawalei Hayat of Phenacoccus solenopsis Tinsley could
oviposit fertilized eggs within 24 hrs. Their offspring included males and females, and the
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female fraction of the progeny adults was 0.9. Unmated parasitoid females could oviposit
unfertilized eggs within 24 hrs. but all their offspring were males. Aga et al. (2016) in India,
investigated some biological aspects of A. bambawalei on P. solenopsis under laboratory
conditions and recorded that the sex ratio was skewed towards females and recorded as 1:2.
maximum. Also, the percentage of parasitization that occurred in the three-nymph instar with
73.33 0% whereas the 3" instar nymph was the most suitable stage for mass multiplication
of the parasitoid. Badshah et al. (2016) and Shahzad et al. (2016)in Pakistan, mentioned that
the 3 nymphal instar of P. solenopsis was the most suitable stage for mass multiplication
of A. bambawalei and confirmed that A. bambawalei showed no attraction to male
mealybugs and no-host feeding on any host stage was recorded. This basic research
regarding the reproduction of the parasitized host mealybugs would be very helpful in
devising sustainable biological control strategies for cotton mealybug. Joodaki et al. (2018)
in Iran, studied the parasitism response of A. bambawalei to different population densities
of the cotton mealybug and reported that the mean number of parasitized nymphs increased
significantly with increasing the number of host individuals offered. However, the
proportion of hosts parasitized relative to the initial host density decreased as host density
increased. Karmakar and Shera (2018) in India, mentioned that A. arizonensis females
parasitized all the host stages except the first nymphal instar and the parasitoid females
preferred 3" nymphal instar with high parasitism (74.0-84.0%) and produced more females
compared to other host stages. They added these data could be used in the laboratory to mass
rearing this parasitoid as biological control of P. solenopsis. Rind et al. (2019) in Pakistan,
studied the host stage preference of the parasitoid, A. arizonensis on P. solenopsis and
recorded that the highest host instar specific parasitism was the third nymphal instar of
mealybugs under choice and non-choice-based experiments.

Conclusion

Biological control by using parasitoids is considered the best alternative to chemical

control as the expansion in the use the pesticides lead to the elimination of many numbers
of it and the ability of P. solenopsis to resistance against new pesticides. So scientists
necessitate applying biological control as an eco-friendly control method. Generally, this
study strongly suggests the possibility of utilization of this parasitoid, A. arizonensis as an
ideal biocontrol agent to reduce populations of the cotton mealybug be optimized by
multiplying at the third nymphal instar of this host in the laboratory and thereafter
inoculative release into the field. However, further investigation is needed to determine
more information about parasitoid-host interaction, the effect of different biological and
ecological factors that may be involved in order to apply this species under protected
cultivations which expanded so far greatly in Egypt.
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ARABIC SUMMARY

Judlall Jalail) dus e Phenacoccussolenopsis Tinsley &8l ¢ladll gy ¢y Adlidal) ClBUSY il
dalaral) cig Bl s Aenasiusarizonensis (Girault)

Ahaa Gaa Ja daa) Lald g dlea Cishll) ae JalS cpald daall de Jo laa i o deaa
081 s — ey 3 LIS — Ll Al

el Cuad Al Al 8 e Phenacoccus solenopsis Tinsley &sall oladll (513 pia yiiny
o3 (ya Ciagll (S8 4891 o3gs Unii e Aenasius arizonensis (Girault) Jahll as g . yadl)l Jualas (e
A.arizonensis duikll &Y Jikidl L JeP, solenopsis dilall (e dilide S ils s g A )
75+ 70 gedasieda n ] +£ 25 die ddexdll Cag kil a3 (PHR) Ll diladl ) Jadlall o Gl
530 5205 10 Dl (5 sall jeall (o 4000 dabisdd) GUEEKH HLadl o5 A eia b 8 Ae ]2 5 dasd 4g5h )
Dty A gl Jial) Jadhall Y Jalail) o (g Ay sina (3508 2535 () Lle Jeaniall il < jelal 4 40
JH)LSD aff cilS Ca Aol hadl) (30 GG (5 ) sl jandl (e adliaall CUELSH 5 A arizonensis s ) il
e (8 Jilal) A4S (e dad il e Jilti A e ilais a5l e 6,66 510.75 (5 sk (Rasina 358
13,821,55 (s sk Jadai %925 5 %50 Aaxd (Al Lualy) Jhall ) Jilad) dis Gl o3 Gl 2 laall
%25 i S5 Jailall ) Jilall G ilSh Aa o) Fia pall QLD dailly (S a5 3 i) JSV13 835,92 5
2 (IPM) el st o Lo Jgemal) a3 il il (e 331 (S ) JSU 13,8 22,29 (5 sbas Jis
LY g Jamdl HLidY doaliaal) colilialall Jalail) dons dallad e J5lad) 48U il A o lailas ) SO1 28Y)
G laland Q] M o o g oSa3 JaleS A @rizonensis Jushal) alasiid 4Kl A Hall 33 & i 13 Jaalal)
sl asll



