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Abstract

The Cotton Mealybug Phenacoccus solenopsis Tinsley is invasive pest which threatening cotton cultivation. Field surveys
conducted on Bt and non Bt cotton fields in eight blocks of Jalna district reveals that maximum population of mealybug
observed 82.33 and 68.4 per 10 cm of apical shoot during 3™ week of October in 2013 and 5" week of September in 2014
season respectively. The maximum population of its natural enemies like, predators viz. Coccinelid, Crysoperla and Spider
observed 1.77 (1% week of October), 2.11 (5" week of September), 0.68 (1%t week of October) per plant during 2013 and 1.94
(4™ week of September), 1.76 and 0.29 (3™ week of September) per plant during 2014 season respectively. Incidence of
parasitoid (parasitized cocoons) observed to be 31% during 4™ week of October (43 SMW) in 2013 and 24% during 2" week
of October (41 SMW) in 2014 season. The correlation studies indicates the population of mealybug r=0.20 and r=0.62 and
parasitoid r=0.31 & r=0.59 during 2013 and 2014 season shows significant positive correlation with maximum temperature.
While significant negative correlation observed between abundance of mealybug population r=-0.13 and r=-0.11 and
parasitized cocoons r=-0.41 and r=-0.34 with rainfall in both the season. Weather factors particularly maximum temperature
and rainfall affects the population of mealybug and its natural enemies. Cotton growers can manage this pest easily by regular

close monitoring of mealybug, its natural enemies and local weather conditions.
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1. Introduction

Cotton (Gossypium spp.) is one of the important commercial
fiber cash crop of India and cultivated on 11.9 million
hectares area having production of 398 lakh bales and
productivity of 511 kg per hectare. Whereas in Maharashtra
state area under cotton cultivation is about 41.92 lakh
hectare with production of 84 lakh bales and productivity
341 kg lint/ ha (CCI, 2013) . Cotton crop plays a
significant role in sustaining the livelihood of estimated 5.8
million cotton farmers and about 60 million people depend
on cotton cultivation, marketing, processing and exports
(CCI, 2017) B Cotton production contributes to the
national economy and provides employment to large
population. India is the largest producer and 2" largest
exporter of cotton in the World. India is also leading
consumer of cotton and exported 116.96 lack bales cotton in
2013 to the foreign countries (CAB, 2016) [°l. To serve these
demands of cotton it is necessary to increase the cotton
production. The cotton production gets affected by several
biotic and abiotic components. Insect pest is such one of the
important impediments in cotton yield increase. In India,
162 species of insect’s attack cotton at various stages of
plant growth of which 15 are key pests (Kannan et. al, 2004)
261, During the last decades in India and Pakistan a new pest
emerged out called as cotton mealybug and caused
significant yield losses.

Cotton mealybug (CMB) Phenacoccus solenopsis Tinsley
(Hemiptera:Pseudococcidae) is an invasive pest that
threatening cotton cultivation among the globe. It is
polyphagus insect pest reported damaging more than 200
plants species belongs to different 55 families (Abbas et al.,
2005, Arif et al., 2009; Vennila et al., 2011; Harde et al.,
2018a) [ 3 3. 18 that includes field crops, vegetables,

ornamentals, fruit crops, medicinal and weeds. This pest
sucks the plant sap from leaves, apical stems, flowers and
fruits of host. P. solenopsis cause yield loss by directly
infesting leaves, stems, flowers, fruits and also indirectly by
secreting honey dew which promotes the development of
sooty mold that reduce photosynthesis ultimately deprive of
nutrients; honey dew attracts ants as transporting agents of
the mealy bugs to different host plants (Vennila S., 2010)
351, Cotton mealybug caused 30 to 60 per cent yield losses
in cotton (Dhawan et al., 2007) 14 in Panjab of Pakistan.
Survey at Baroda in Gujrat 20-90% plants were adversely
affected causing a reduction of 50% yield in highly infested
cotton fields (Jhala et al., 2008, Nagrare et. al. 2009) [22 261,
Infestation of P. solenopsis on Bt cotton was maximum in
Parbhani with 40.95 percent leaf infestations and 35.77
percent green boll damage (Bhosle et al. 2009) 11,

Traditionally farmers rely on synthetic insecticide for the
management of this pest. But synthetic insecticides
constitute a great danger to the environment, health hazards
to human and causes of cases of resistance development
(Aubertot et. al. 2005, Nerio et al., 2009) > 271, Biological
control is the most important method of controlling
mealybugs and under pesticide free conditions several
species of predators attack P. solenopsis and can effectively
regulate mealybug populations (Tanwar et al., 2007;
Gautam et al,, 2010; Ram and Saini, 2010) [3 16 29
However multiplication of mealybug and associated insects
affected with change in weather conditions. Changes in
climate profoundly affect the population dynamics and the
status of insect pests (Woiwod, 1997) B8, Weather factors
like temperature, relative humidity and rainfall showed
positive effect on the insect biology and their incidence in
fields (Dhawan et. al., 2009) ', Temperature is one of the
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major environmental factors that influences survival and
abundance of mealybugs (Amarasekare et al., 2008; Chong
et al., 2008) > 10 Jeyakumar et al. (2009) 3 observed
humidity favored the multiplication of the mealybug, but the
intense rainfall adversely affects the spread and reduces the
intensity. Till date no details study on the seasonal
incidence/ population dynamics of mealybug and its natural
enemies was found in Jalna district. Therefore by keeping
this view we conducted this study. This study would be
helpful into farmers in formulating the effective
management strategies of this pest.

2. Materials and methods

2.1. Study area

Field surveys conducted on Bt and non Bt cotton fields
during 2013 and 2014 cotton season in eight blocks
(Ambad, Badnapur, Bhokardan, Ghansawanghi, Jafrabad,
Jalna, Partur and Mantha) of Jalna district
(19° 50'N, 75° 53'E) located in the Marathwada region of
Maharashtra. These surveys made on farmer’s field who
generally grown Bt and some desi cotton. All the agronomic
practices like land preparation, spacing for sowing, fertilizer
application, weeding, hoeing and irrigation etc fallowed by
farmers as per recommendations of SAU.

2.2 Sampling of Mealybug and Natural Enemies:
Two villages were selected from each block of Jalna district
in which one fixed and one random plot has been selected

http://www.entomologyjournals.com

for pest survey. Sampling was initiated on weekly interval
from July (one month after cotton sowing) to December (up
to harvesting stage) at different stages of crop in each cotton
season. Twenty plants randomly selected from each field for
the observations of mealybug P. solenopsis and counted as
number per 10 cm of apical shoot (Hanchinal et al., 2010)
1171 Meanwhile mealybug samples collected and stored in
90% ethyl alcohol and stored in research laboratory for
species identification. Population of natural enemies
including predator viz. Cocclinelid, crysoperla, spider
counted per plant while and parasitoids (parasitized
cocoons) recorded on percent incidence. Observations of
rainfall, average minimum & maximum temperature,
average morning and afternoon relative humidity data
recorded from mini weather station located at KVK Jalna.
Correlation coefficient worked out to know the relationship
between mealybug and natural enemies’ population with
weather parameters.

3. Results & Discussion

3.1 Incidence of mealybug

The cotton mealybug P. solenopsis observed throughout the
cotton season in agro-ecosystem of Jalna district. It was
recorded on cotton plants at different stages like vegetative,
bud/square formation, flowering, boll developing, fruiting,
crop harvesting stage and also up to uprooting of cotton
stalk (Fig. 2A & 2B).

Square mnd flowermyg tage

Boll/ fruitimg; stage

Fig 2B: Infestation of Mealy bug at different stages of cotton crop

The result of present study reveals that Mealybug incidence
starts from July and observed up to December month.
Incidence of mealybug observed in range of 1.91 to 82.33
and 0.62 to 68.4 mealybugs per 10 cm of apical shoot from
July to December in both 2013 and 2014 season respectively
(Tab 1). Highest population of mealybug observed 82.33
and 68.4 mealybugs per 10 cm of apical shoot during 3™
week of October in 2013 and 5™ week of September in 2014
(Tab 2.) when cotton was in full flowering and boll/ fruit
developed stage (Fig 3 & 4). This study shows that CMB
appear just after (15-20 days)

Cotton sowing and increased gradually during August when
cotton crop was in bud/square formation at fully vegetative
stage (Fig. 2A & 2B) and reached to highest peak in
September and October when crops was in flowering and
boll developed stage. After that its incidence declines slowly
up to cotton harvesting during December in both season.
The similar results recorded by Singh and Kumar, 2012 32
who reported the maximum population of mealybug during
October month on both cotton and okra. They found around
188 adults/15 cm on apical shoot of cotton during peak
season.
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Fig 3: Incidence of Mealy bug abd Natural enemies with weather
parameters on cotton in 2013
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Fig 4: Incidence of Mealy bug and Natural enemies with weather
parameters on cotton in 2014

Table 1: Incidence of Mealy bug & Natural enemies on Bt cotton in Jalna district in 2013

SM No. of % of Average| Average Average Average Stages of
Mealybugs |Coccin|Crysoperl|. ., |Parasitiz - Morning | Afternoon |Rainfall
weeks | Months . Spider| Max. Min . - - cotton
2013 per 10cm elid a ed cocoon Temp C| Temp C Rel_at_lve Rel_at_lve in (mm) crop
apical shoot / plant Humidity % |[Humidity %
30 | July-1V 1.91 0.32 0.5 0.23 0 31 23 95 55 74.6
31 | Aug-l 9.66 0.34 0.7 0.29 2 24 21 92 75 63.6
32 | Aug-ll 7.5 0.34 1.04 0.39 2.4 31 22 83 61 15  |Vegetative
33 | Aug-lll 125 0.41 0.81 0.32 3.1 31 24 83 56 225
34 | Aug-IV 11.25 0.49 0.92 0.37 3.5 33 23 81 51 7.2
35 | Sept-l 17.5 0.62 1.32 0.44 7 29 23 80 56 0 Flowering
36 | Sept-ll 155 0.79 1.66 0.46 7.4 31 20 81 62 0 and square
37 | Sept-lil 23.75 0.66 2.03 0.59 8.6 30 22 65 59 76.6 stage
38 | Sept-IV 35.42 0.83 1.98 0.62 12 30 23 92 65 9.2
39 | Sept-V 42.14 1.32 2.11 0.66 13 29 23 82 60 0 Flowering
40 Oct-I 65.42 1.77 1.87 0.68 20 31 22 92 66 49.9 & Boll
41 | Oct-ll 42.14 1.6 1.86 0.46 22 34 21 54 33 21 |developed
42 | Oct-llI 82.33 1.32 1.31 0.56 28 31 19 56 32 0 stage
43 | Oct-1V 76.33 0.98 1.12 0.52 31 32 15 43 24 0
44 | Nov-l 435 0.43 0.56 0.32 27 30 15 45 29 0
45 | Nov-II 235 0.38 0.89 0.38 21 32 13 43 19 0
46 | Nov-llI 18.25 0.3 0.82 0.37 14 29 14 43 20 0
47 | Nov-IV 16.26 0.29 0.69 0.31 16 31 12 39 21 0 Picking /
48 | Nov-V 13.81 0.28 0.69 0.35 15 33 14 81 49 0 harvesting
49 Dec-I 18.2 0.3 0.61 0.3 16 29 11 39 22 0
50 | Dec-ll 12.56 0.27 0.56 0.33 14 31 14 38 29 0
51 | Dec-llI 16.75 0.3 0.5 0.29 12 28 9 29 14 0
52 | Dec-1V 15.1 0.28 0.63 0.27 8 30 11 34 23 0
Mean - 27.45 0.64 1.09 0.41 | 13.17 | 30.43 18 63.91 42.65 14.77

*Mean of 20 plants

The results of present studies are in confirmatory with
findings of Sharma et al. 2008 U in Marathwada region
who reported mealybug incidence on cotton starts occurring
during last week of July in Kharif and gradually increases
up to 2" week of September before declining during
October. He further stated survey of Bt cotton field indicates
maximum infestation of 30.1, 8.5 to 27.7, 6.7 to 12.4, 10.3
to 32.8 and 7.1 to 20.2 mealybug/ 2.5 cm apical shoot
observed in Parbhani, Nanded, Hingoli, Jalna and
Aurangabad district respectively. Hanchnal et al. 2010 ]
reported 0.50 and 22.42 mealybugs/10 cm apical shoot in

38™ and 52" SMW and progressively increased throughout
the season. The present study shows from November
onward population of mealybug declines gradually up to
15.1 and 7.12 mealybugs per 10 cm of apical stem during 4™
week of December (52 SMW) in both 2013 and 2014 season
respectively; in this period cotton picking mostly completed
or in the last stage of harvesting. The similar results
recorded on Bt cotton in Jalna by Harde et al., 2018b [*¥] that
shows highest incidence of mealybug of 10% infested plant
during 5th week of September in 2009-10 and 9% incidence
during 3rd week of October in 2010-11 season.

Table 2: Incidence of Mealy bug & Natural enemies on Bt cotton in Jalna district in 2014.

SM No. of % of Average Average Stages
wee Mealybugs . . Average |Average 9 9€ |Rainfal %9
Coccinel . Parasitized - Morning | Afternoon . of
ks | Months |per 10 cm : Crysoperla [Spider Max. Temp| Min . - Ilin
. id cocoon / Relative Relative cotton
201 apical | C Temp C idity 0 idity 0 (mm)
4 shoot plant Humidity % [Humidity % crop
30 | July-IvV 0.62 0.17 0.52 0.1 0 30 23 82 54 24.5 |Vegetat
31| Aug-l 1.84 0.15 0.57 0.11 0 31 26 83 55 0 ive
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2] Augll | 341 | 022 027 | 0.09 6 2 23 79 50 108
33| Auglll | 186 | 0.05 0.36 0.1 2.56 31 22 89 63 0
34| AuglV | 2012 | 017 0.1 017 | 341 29 22 89 63 | 1013
35| Sept-l | 2742 | 042 026 | 012 42 30 21 90 62 32.2 [Floweri
36| Sept-ll | 362 | 094 0.9 0.14 8.6 31 22 93 60 23 |ng and
37| Sept-1ll | 4811 | 1.39 176 | 117 12 32 21 93 52 6.6 Sft‘;gge
38| SeptIlV | 627 | 194 126 | 082 15 2 2 86 54 0 |Floweri
30| SeptV | 684 | 126 092 | 068 21 33 24 75 48 0 |ng&
40| Octl | 474 | 1.09 072 | 054 22 34 24 63 33 0| Boll
41| Octll | 432 | 094 047 | 031 24 34 22 55 26 0 |develo
42| Octlll | 564 | 062 078 | 022 21 33 20 54 34 0 | ped
43 OctIV | 464 | 027 0.61 0.2 18 2 20 54 34 0 | stage
44| Nov-| 38 0.22 052 | 018 15 33 20 55 33 0
45 | Nov-Ii 21 0.26 057 | 024 13 31 18 47 26 0
46| Nov-1ll | 16 0.16 037 | 015 v 26 21 78 65 o]
47 | Nov-IV 12 0.12 0.25 0.29 10 31 18 48 25 0 P'C'/"”g
48| NovV | 72 0.13 028 | 012 6 25 18 57 30 0 oot
49| Decl 9.4 0.13 032 | 012 6.4 31 18 47 26 0 "ing
50| Dec-ll | 142 | 013 0.25 0.1 72 31 19 65 40 0
51| Declll | 66 0.1 017 | 0.08 5 27 11 37 20 0
52| DeclV | 712 | 006 018 | 007 41 28 15 38 23 0
Mnea ; 2662 | 048 054 | 027 | 1028 30.74 | 2043 67.70 4243 | 863

*Mean of 20 plants

3.2 Incidence of natural enemies

In associated with mealybug some natural enemies observed
in cotton crop during both seasons. Population of natural
enemies including predator like coccinelids (Coccinela
septempunctata, Coccinela specc), crysoperla (Crysoperla
carnia), spiders and parasitoid in the form of parasitized
cocoons  (Anaceous bambawalei and Promuscudia
unfacieventris) observed in cotton fields of Jalna district
from July to December. Incidence of predator viz.
coccinelid, crysoperla and spider observed in range of 0.28
to 1.77, 0.5 to 2.11 and 0.23 to 0.68 per plant in 2013 while
0.10 to 1.94, 0.17 to 1.76 and 0.07 to 1.17 per plant during
2014 season (Table 1 & 2) respectively. The maximum
population of predator viz. coccinelid, crysoperla and spider
observed about 1.77 (1%tweek of October), 2.11 (5™ week of
September), 0.68 (1% week of October) per plant during
2013 while 1.94 (4" week of September), 1.76 and 0.29 per
plant in 3 week of September during 2014 when crop was
in flowering and fruiting stage (Fig. 3 and 4). Incidence of
parasitoid observed about 31% during 4™ week of October
(43 SMW) in 2013 and 24% during 2" week of October (41
SMW) in 2014. The similar results obtained by Hanchnal et
al., 2010 1 who found that maximum population of
predators coccinellids, chrysoperla and spiders were 0.14,
0.13 and 0.16 per plant while parasitoid cocoons ranged
between 0.52 to 20.02 per cent during 2008-09 seasons. The
activity of parasitoids started during 44™ meteorological
week and later on increased gradually achieving its peak
during 7th to 9" meteorological weeks. Coccinellids and
Chrysopids are major predators of P. solenopsis (Gautam et
al., 2007; Pala and Saini, 2010; Vennila et al., 2010) 5 28
%1, In Pakistan predatory chrysopids have been found in
abundance on mealybug (Muzammil et al. 2007) °1, The
coccinellid larvae feed voraciously preferably on second
instar mealybugs than third instar and adult mealybugs; the
fecundity of coccinellids numerically affected by the
increasing prey density (Fand et al., 2010) [*3], Tanwar et al.,
2007 31 reported 20-70% mealybug mummies first time in
India which formed due to parasitisation caused by
parasitoid. Tanwar et al., 201134 reported field survey

conducted in 5 cotton growing blocks of Parabhani in
Maharashtra in August, 2008 ranged between traces to
60.6%; the parasitoid samples collected identified as A.
bambawalei and P. unfasciativentris based on their
morphological identification. The study of Hanchnal et al.
2010 71 shows highest percentage of parasitoid during 7%
SMW which coincides with higher population of mealybug.
Shahito et al. 2011E% reported population of predator and
parasitoid positively correlated with mealybug P.
solenopsis. Report of positive correlation between
parasitoids and mealybug population was recorded from
South Gujarat by (Arve 2011) . Hayat (2009) % described
parasitoid Aenasius bambawalei on P. solenopsis from
India. Bodlah et al. (2010) [ recorded A. bambawalei
naturally occurring on P. solenopsis first time on cotton and
some weeds in Punjab, Pakistan. Parasitized cocoons ranged
between 0.52 to 20.02 per cent. The activity of parasitoids
started during 44th meteorological week and later on
increased gradually to reach peak during 7th to 9th
meteorological weeks. The mealybug parasitoid cocoons
were positively correlated with maximum temperature
(r=0.42) but negatively correlated with other meteorological
parameters.

3.3 Correlation studies

The correlation of present studies reveals that weather
factors like maximum temperature shows significant
positive correlation with mealybug incidence r=0.20 during
2013 and r=0.62 during 2014 while minimum temperature
shows positive correlation r=0.06 during 2013 and r=0.31
during 2014 season (Table. 3). Average morning and
afternoon relative humidity shows negative correlation with
population of mealybug incidence during 2013 and
positively correlated during 2014. Morning and afternoon
relative humidity shows negative correlation with mealybug
incidence during 2013 and observed to be positively
correlated during 2014. Rainfall shows negative correlation
with population of mealybug incidence r=-0.13 and r=-0.11
in 2013 and 2014 seasons.
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Table 3: Correlation of weather parameters with Mealybug and associated natural enemies

Weather parameters Mealybug /10 cm of apical shoot|Coccinelid/ plantiCrysoperla/ plant|Spiders / plant|% of Parasitized cocoons|
2013 2014 2013 | 2014 | 2013 | 2014 | 2013 | 2014 2013 2014
Max Temperature 0.20 0.62 0.27 0.51 0.15 046 | 0.15 | 041 0.31 0.59
Min Temperature 0.06 0.31 0.44 0.38 0.60 0.36 0.47 | 0.27 -0.41 0.15
Morning R Humidity -0.12 0.16 0.25 0.36 0.41 0.39 0.33 | 0.29 -0.53 -0.24
IAfternoon R Temperature -0.12 0.06 0.26 0.18 0.50 0.22 | 0.39 | 0.11 -0.55 -0.32
Rainfall -0.13 -0.11 011 | -0.10 | 0.18 | -0.21 | 0.07 | -0.13 -0.41 -0.34
Mealybug 1 1 0.78 | 0.82 0.46 0.70 | 0.68 | 0.69 0.81 0.82

Results of present studies are similar with results of the monitoring of mealybug, its natural enemies and

Hanchnal et al. 2010 ®71 who found mealy bug population
was correlated positively significant with maximum
temperature (0.77) and negatively correlated with other
factors. The similar results also reported by Dhavan et al.
2009 M who stated that positive correlation among the
mealybugs with temperature, whereas negative correlation
was observed with relative humidity and rainfall in Punjab.
In previous study Harde et al., 2018b ™° found mealybug
incidence shows significant positive correlation with
maximum temperature (r = 0.33, r=0.46), minimum
temperature (r = 0.25, r=0.29) in both season while non-
significant negative correlation observed with maximum
relative humidity (r = -0.09) during 2009-10, minimum
relative humidity (r = -0.19, r=-0.05) and average rainfall (r
= -0.24, r=-0.16) during both the season. The incidence and
the intensity of P. solenopsis on cotton was found
reciprocally related to the temperature conditions
(Jeyakumar et al., 2009) % and negatively correlated with
the relative humidity and rainfall (Hodgson et al., 2008;
Jeyakumar et al., 2009) [ 23 All the meteorological
parameters influenced the incidence of mealy bug on cotton
in all the districts studied in Faridkot district of Punjab
where r-value is 0.71 in percent infestation by mealybug and
0.76 in rows infested by mealybug.

Current study indicates maximum and minimum
temperature and morning relative humidity shows positive
correlation with incidence of predator populations in both
the season. Maximum temperature shows significantly
positive correlation with incidence of parasitized cocoons
r=0.31& r=0.59 during 2013 and 2014 (Tab. 3). Morning
relative humidity, afternoon relative humidity and rainfall
show negative correlation with incidence of parasitized
cocoons in both the seasons. Incidence of Mealybug shows
significant positive correlation with population of all natural
enemies (coccinelid, crysoperla, spider and parasitoid) in
both the season 2013 and 2014. The results of present
studies are in confirmatory with findings of Dhavan et al.
2009 [ who mentioned Coccinellid predators and
percentage of parasitoids as biotic factor shows strong
significant positive correlation with mealybug.

4. Conclusions

This study concludes that incidence of mealybug observed
highest during 2013 as compared to 2014 cotton season.
Population of mealybug remains more during August to
October months because of good vegetative and fruiting
stage of crop and thus population of natural enemies
(Predators and parasitoids) found more that reduces
mealybug naturally. Weather factors particularly maximum
temperature and rainfall has significant correlation with
population buildup of mealybug and its natural enemies.
Thus, Cotton growers can manage this pest easily by regular

considering local weather conditions.

5. Acknowledgments

Authors are sincerely thankful to the Principal of JES
College for providing the necessary laboratory facilities and
Mr. P. V. Wasre Agri. Engineer of Krishi Vigyan Kendra
Jalna for providing weathers data of Jalna district. We are
also grateful with Mr. Maher for correcting English
grammatical and linguistic.

6. Abbreviation

CMB: Cotton mealybug

SMW: Standard meteorological week

SAU: State Agriculture University

6. References

1. Abbas G, Arif MJ, Ashfag M, Aslam M, Saeed S. Host
plants, distribution and overwintering of cotton
mealybug (Phenacoccus solenopsis) Homoptera:
Pseudococcidae. Int. J Agric. Biol. 2010; 12:421-425.

2. Amarasekare KG, Mannion CM, Osborne LS, Epsky
ND. Life history of Paracoccus marginatus
(Hemiptera: Pseudococcidae) on four host plant species
under laboratory conditions. Environ. Entomol. 2008;
37:630-635.

3. Arif MI, Rafig M, Ghaffar A. Host plants of cotton
mealybug (Phenacoccus solenopsis): a new menace to
cotton agroecosystems of Punjab, Pakistan. Int. J.
Agric. Biol. 2009; 11:163-167.

4. Arve SS, Patel KG, Chavan SM, Vidhate PK.
Investigation on population dynamics of hibiscus
mealybug, Phenacoccus solenopsis Tinsley in relation
to biotic factors under South Gujarat condition. Journal
of Biopesticides. 2011; 4(2):211-213.

5. Aubertot JN, Barbier JM, Carpentier A, Gril JJ,
Guichard L, Lucas P, et al. Pesticides, agriculture et
environnement. Réduire l'utilisation des pesticides et
limiter leurs impacts environnementaux. Expertise
scientifique collective, synthése du rapport, INRA et
Cemagref (France), 2005, 64 p.

6. Bodlah I, Munir Ahmad, M Farog Nasir, Muhammad

Naeem. Record of Aenasius bambawalei Hayat,
(Hymenoptera:  Encyrtidae), a  Parasitoid  of
Phenacoccus solenopsis (Sternorrhyncha:

Pseudococcidae) from Punjab, Pakistan. Pakistan J.

Zool. 2010; 42(5):533-536.
7. Bhosle BB, Sharma OP, More DG, Bhede BV,
Bambawale = OM. Management of mealybug
(Phenacoccus solenopsis) in rainfed cotton (Gossypium
hirsutum). Indian J Agric. Sci. 2009; 79(3):199-202.
https://cotcorp.org.in/statistics.aspx#area. (CCl, 2018)
9. http://www.caionline.in/articles/cotton-advisory-board-

cab-pegs-2018-19-cotton-crop-at-36-1-min-bales

o

61


http://www.entomologyjournals.com/

International Journal of Entomology Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

(CAB, 2016)

Chong JH, Roda AL, Mannion CM. Life history of the
mealybug, Maconellicoccus hirsutus  (Hemiptera:
Pseudococcidae), at constant temperatures.
Environmental Entomology. 2008; 37:323-332.
Dhawan AK, Singh K, Aneja A, Saini S. Distribution of
mealy bug, Phenacoccus solenopsis Tinsley in cotton
with relation to weather factors in South-Western
districts of Punjab. Journal of Entomological Research.
2009; 33(1):59-63.

Dhawan AK, Singh K, Saini S, Mohindru B, Kaur A,
Singh G, et al. Incidence and damage potential of
mealybug, Phenacoccus solenopsis Tinsly, on cotton in
Punjab. Indian J Entomol. 2007; 34:110-116.

Fand BB, Gautam RD, Chander S, Suroshe SS. Life
table analysis of the mealybug, Phenacoccus solenopsis
Tinsley (Hemiptera: Pseudococcidae) under laboratory
conditions. J Entomol. Res. 2010; 34:175-179.

Fuchs TW, Stewart JW, Minzenmayer R, Rose M. First
record of Phenacoccus solenopsis (Tinsley) in
cultivated cotton in the United States. Southwestern
Entomologist. 1991; 16(3):215-221.

Gautam RD. Solanum mealybug-An emerging threat to
different crops in India. Crop Care. 2007; 33:69-73.
Gautam S, Singh AK, Gautam RD. Olfactory responses
of green lacewing, Chrysoperla sp. (carnea group) and
Mallada desjardinsi on mealybug, Phenacoccus
solenopsis (Homoptera: Pseudococcidae) fed on cotton.
Acta Ento. Sinica. 2010; 53:497-507.

Hanchinal SG, Patil BV, Bheemanna M, Hosamani AC.
Population dynamics of mealybug, Phenacoccus
solenopsis Tinsley and it's natural enemies on Bt cotton.
Karnataka J Agric. Sci. 2010; 23(1):137-139.

Harde Satish N, Shinde Laxmikant V, Bayas RB, Goyal
MH. Host plant range of mealybug Phenacoccus
solenopsis Tinsley and its migration study. Journal of
Entomology and Zoology Studies. 2018a; 6(2):2186-
2191.

Harde SN, Mitkari AG, Sonune SV, Shinde LV.
Seasonal Incidence of Major Sucking Insect Pest in Bt
Cotton and Its Correlation with Weather Factors in
Jalna District (MS), India. International Journal of
Agriculture & Environmental Science (SSRG-IJAES).
2018b; 5(6):59-65

Hayat M. Description of a new species of Aenasius
Walker (Hymenoptera: Encyrtidae), parasitoid of the
mealybug, Phenacoccus solenopsis Tinsley
(Homoptera: Pseudococcidae) in India. Biosystematica.
2009; 3:21-26.

Hodgson CJ, Abbas G, Arif MJ, Saeed S, Karar H.
Phenacoccus solenopsis Tinsley (Sternorrhyncha:
Coccoidea: Pseudococcidae). An invasive mealybug
damaging cotton in Pakistan and India, with a
discussion on seasonal morphological variation.
Zootaxa. 2008; 1913:1-35.

Jhala RC, Bharpoda TM, Patel MG. Occurrence of
mealy bugs, Phenacoccus solenopsis Tinsley and
Phenacoccus soleni Ferris (Hemiptera: Psedococcidae)
on cotton in Gujarat. Insect Env. 2008; 13(4):149-151.
Jeyakumar P, Tanwar RK, Singh J, Singh S, Singh A,
Dhandapani A, et al. Impact of weather factors on
cotton mealybug, Phenacoccus solenopsis Tinsley. In:
Proceedings of the National Symposium on IPM
Strategies to Combat Emerging Pests in the Current

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

http://www.entomologyjournals.com

Scenario of Climate Change. College of Horticulture
and Forestry, Central Agricultural  University,
Pashighat, Arunachal Pradesh, India. 2009; 28-30:39
pp.

Kannan M, Uthamasamy S, Mohan S. Impact of
insecticides on sucking pests and natural enemy
complex of transgenic cotton. Current Sci. 2004;
86:726-729.

Muzammil Sattar, Muhammad Hamid, SajidNadeem.
Predatory potential of Crysoperla carnia (Stephens)
(Neuroptera: Crysopidea) against cotton mealybug.
Pakistan Entomologist. 2007; 29:103-106.

Nagrare VS, Kranthi S, Biradar VK, Zade NN, Sangode
V, Kakde G, et al. Widespread infestation of the exotic
mealybugs species, Phenacoccus solenopsis Tinsley
(Hemiptera: Pseudococcidae) on cotton in India.
Bulletin of Entomological Research, 2009; 1:1-5.

Nerio LS, Olivero-Verbel J, Stashenko E. Repellent
activity of essential oils from seven aromatics plants
grown in Colombia against Sitophilus zeamais
Motschulsky (Coleoptera). Journal of Stored Products
Research. 2009; 45:212-214

Pala R, Saini RK. Biological control solenopsis
mealybug Phenacoccus solenopsis Tinsley on cotton: a
typical example of fortuitous biological control. J Biol.
Control. 2010; 24:104-109.

Ram P, RK Saini. Biological control of solenopsis
mealybug, Phenacoccus solenopsis Tinsley on cotton: a
typical example of fortuitous biological control. J Biol.
2010; 24:104-1009.

Sahito HA, Abro GH, Sayed TS, Lanjar AG, Mal B,
Khajjak S, et al. Seasonal population abundance of
cotton mealybug, Phenacoccus solenopsis Tinsley
(Hemiptera: Pseudococcidae) and its natural enemies on
various hosts plants. Pak. J entomol. Karachi. 2011,
26(1):25-40.

Sharma OP, Bhosle BB, Deshpande GD, Bambawale
OM, Jagtap GP, Bhede BV, et al. Pest records on
transgenic cotton in the Marathwada region. Indian
journal of plant protection. 2008; 36:186-1910.

Singh, Kumar. Population dynamics, biology of
mealybug Phenacoccus solenopsis (Tinsley) and its
natural enemies in Vadodara, Gujarat. Recent Research
in Science and Technology. 2012; 4(11):22-27

Tanwar RK, Jeyakumar P, Monga D. Mealybugs and
their management. Technical Bulletin, 19, NCIPM,
New Delhi, 2007, 13.

Tanwar RK, Jeyakumar P, Singh A, Jafri AA,
Bambawale OM. Survey for Cotton mealybug,
Phenacoccus solenopsis (Tinsley) and its natural
enemies. Journal of Environmental Biology. 2011;
32:381-384.

Vennila S, AJ Deshmukh. Biology of the mealybug,
Phenacoccus solenopsis on cotton in the laboratory.
Journal of Insect Science, 2010; 10:115.

Vennila S, Prasad YG, Prabhakar M, Kumar R, Nagrare V,
Amutha M, et al. Spatio-temporal Distribution of Host Plants
of Cotton Mealybug, Phenacoccus solenopsis Tinsley in
India. Technical Bulletin No. 26. National Centre for
Integrated Pest Management, New Delhi, India, 2011, 50 pp.
https://cotcorp.org.in/Writereaddata/Downloads/Article-
ICAC-DM-CClI.pdf CCI, 2017.

Woiwod 1. Detecting the effects of climate change on
Lepidoptera. J Insect Conser. 1997; 1:149-158.

62


http://www.entomologyjournals.com/

