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ABSTRACT

The present study on population dynamics of mealybug,

Phenacoccus  solenopsis Tinsley and its natural enemies

on Bt cotton in South Gujarat was taken up at Research

Farm, Main Cotton Research Station, N.A.U., Surat,

Gujarat during 2010-11. The incidence of mealybug was

initiated during 38th standard week (3.20/5 cm apical

shoot) and observed higher during January and February.

The gradual increase of average grade and severity were

observed from 48th standard week to 6th standard week (av.

grade 2.9 and corresponding severity 72.50 per cent) with

simultaneous increase in the population of mealybug. The

peak population of ladybird beetle (av. 13.35/plant) and

green lacewing (av. 4.45/plant) was recorded in 1st standard

week, whereas, of spider in 3rd standard week (av. 7.45/

plant). The correlation between mealybug incidence and

predators studied was positive and highly significant. The

activity of mealybug was directly influenced positively by

sunshine hours, whereas temperature (minimum and

maximum), relative humidity (morning and evening),

rainfall and rainy days. The correlation of predators’

population viz., ladybird beetle and spider population with

weather parameters showed positive correlations with

sunshine hour. Leaf hopper population was peak in second

week of November. Aphid, thrips and whitefly population

was recorded below ETL throughout year. Minimum

temperature had significant negative influence on

population build up of aphid whereas of maximum

temperature had positive influences on population build

up of whitefly. The moth activity of pink bollworm was

noticed from 44th to 8th standard week (fourth week of

October to second week of February) with peak catches in

5th standard week (89 moths/trap). The rosette flowers

and green boll damage by pink bollworm observed from

46th standard week (1.25 % rosette flower and 10 % green

boll damage) to 6th standard week (30 % rosette flower

and 40 % green boll damage). As high as 8 larvae/ 20

bolls along with 4 warts, 9 mines and 3 exit holes noticed

in 6th standard week i.e., 210 days after sowing.

Key words P. solenopsis, correlation, apical shoot,

incidence, rosette flowers, infestation

Cotton is a major fibre crop of global significance and

its importance as a multipurpose crop that supply five basic

products i.e. lint, oil, seed meal, hulls and linters. India

stands first in the world cotton area and it contributes 21

per cent of global cotton produce. Gujarat has emerged as

India’s number one cotton producing state in the country

contributing about 32.82 per cent to the national cotton

production from 23.81 per cent of total cotton area. The

state has made commendable progress in cotton cultivation

expanding its area from 16.34 (2002-03) to 26.25 lakh

hectares (2009-10), with corresponding increase in

productivity from 317 to 635 kg/ha (Anon., 2011). Change

in pest dynamics has become more common in recent times

in rapidly changing cropping systems and environment

with the dominance of Bt cotton across India. Sucking pests

especially leaf hopper, aphid, whitefly, thrips and mealybug

attained the status of pests of great concern after the

introduction of Bt cotton in India. Worldwide, cotton

ecosystem harboured as many as 1326 insect species

(Hargreaves, 1948).

The mealybug, Phenaccocus solenopsis Tinsley was

hitherto not familiar or its identity was not established which

caused significant economic damage in Pakistan and India

(Muhammad, 2007 and Jhala et al., 2008). Earlier, minor pest

pink mealybug, Maconellicoccus hirsutus (Green) was

reported in outbreak form on desi and hybrid cotton in

Kutch district of Gujarat state way back in 1997

(Muralidharan and Badaya, 2000). Phenaccocus solenopsis

is believed to be introduced in India for the first time in

Gujarat via Pakistan during 2006 and spread to the different

cotton growing states of the India rapidly (Nagrare et al.,

2009) which created havoc in middle and south Gujarat in

2006 and almost entire Gujarat in 2007.

Invasiveness, rapid spread, potential to cause

economic damage and biological advantages of  P.

solenopsis drew the attention of several researchers with

their focus on preliminary researchable issues like survey

of mealybug species and its natural enemies, reasons for

their outbreak, biology / life cycle and management aspects.

Inspite of regular occurrence of P. solenopsis in the last

few years, there is a paucity of information on population

dynamics and efficiency/ potential of natural enemies under

South Gujarat condition. Hence, to develop insect pest

management programme for specific agro ecosystem,

detailed study on these aspects is highly essential. To fill

this lacunae and an insight into the whole mealybug cotton

complex the present study was undertaken.

MATERIALS AND METHODS

The present study was taken up at Research Farm,

Main Cotton Research Station, N.A.U., Surat, Gujarat during

2010-11. The dynamics of Mealybug was recorded on VICH-

5 Bt cotton grown over an acre in unprotected conditions
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Fig. 1. Influence of biotic and abiotic factors on incidence of P. solenopsis

for plant protection. The mealybugs were recorded on 5 cm

apical shoot length from August 2010 to February 2011 at

weekly interval from 20 randomly selected plants.

Observations based on grades were also recorded to assess

the severity of infestation. The mealybug grades were

categorized as under (Plate 1).

0  : Healthy (No mealy bug on any of the plant part)

1  : Initiation of crawlers in any part of the plant

2  : Half stem and few branches infested

3  : More than 50 per cent of the branches infested

4  : Whole plant infested

Per cent severity of mealybug damage within tagged

plants was calculated by dividing the average grade (mean

grade of twenty tagged plants) with maximum grade (4

grade) multiplied by hundred during each week.

Observations on other natural enemies viz., green lacewing

(grub), spider (nymph and adult) and ladybird beetle (grub

and adult) were also recorded on twenty randomly selected

plants. Correlation was also worked out between weather

parameters and natural enemies of mealybug during 2010-

11. Ancillary observations on other pests viz. aphid, leaf

hopper, whitefly and thrips were also recorded from lower

side of three leaves (one each from top, middle and lower

canopies) of twenty randomly selected plants. In case of

pink bollworm the incidence of pink bollworm in flowers

was recorded by observing total number of flowers from

twenty plants out of that rosette flowers were recorded and

per cent rosette flowers was worked out. The number of

damaged green bolls and number of locules damaged by

pink bollworm were calculated by observing twenty green

bolls at 15 days interval starting from 60 DAS. At the same

time number of pink bollworm moths trapped in pheromone

trap was also recorded at weekly interval (Plate 1).

RESULTS AND DISCUSSION

The data on incidence of mealybug (Table 1 and figure

1) revealed that the incidence initiated during 38th standard

week i.e., third week of September (3.20/5 cm apical shoot)

and observed throughout the crop period. The population

fluctuated from 2.10 (43rd standard week) to 21.00 (5th

standard week) per 5 cm apical shoot. The incidence was

higher during January and February months compared to

earlier period of crop. The data on average grade and

Plate 1. Grading of mealybug infested plant based on severity of infestation on plant

Grade 0: Healthy Plant  Grade I Plant  Grade II Plant  Grade III Plant  Grade IV Plant  
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Table 1. Incidence of mealybug and its natural enemies on VICH 5 BG I Bt Hybrid at MCRS, NAU, Surat (kharif 2010-11)

STW Period Mealy bug 

population 

/ 5 cm 

shoot 

Average 

grade / 

plant 

Per cent 

severity within 

tagged plant 

Per cent 

parasitism 

Predators 

LBB Spider Green 

lacewing 

32 6/8/2010 to 12/8/2010 0.00 0.0 0.00 0.00 0.50 0.45 0.30 

33 13/8/2010 to 19/8/2010 0.00 0.0 0.00 0.00 0.10 0.30 0.15 

34 20/8/2010 to 26/8/2010 0.00 0.0 0.00 0.00 0.20 0.35 0.10 

35 27/8/2010 to 2/9/2010 0.00 0.0 0.00 0.00 0.00 0.60 0.05 

36 3/9/2010 to9/9/2010 0.00 0.0 0.00 0.00 0.10 0.35 0.00 

37 10/9/2010 to 16/9/2010 0.00 0.0 0.00 0.00 0.00 0.30 0.00 

38 17/9/2010 to 23/9/2010 3.20 0.4 8.75 0.00 0.00 0.25 0.00 

39 24/9/2010 to 30/9/2010 4.70 0.5 11.25 0.00 0.30 0.15 0.10 

40 1/10/2010 to 7/10/2010 3.90 0.5 11.25 0.00 0.00 0.00 0.00 

41 8/10/2010 to 14/10/2010 3.40 0.5 11.25 2.53 0.00 0.00 0.00 

42 15/10/2010 to 21/10/2010 2.95 0.5 11.25 5.48 0.35 0.20 0.15 

43 22/10/2010 to 28/10/2010 2.10 0.5 11.25 3.82 0.20 0.15 0.15 

44 29/10/2010 to 4/11/2010 3.70 0.5 11.25 3.36 0.10 0.00 0.05 

45 5/11/2010 to 11/11/2010 4.10 0.5 11.25 3.20 0.00 0.65 0.00 

46 12/11/2010 to 18/11/2010 4.00 0.5 11.25 4.43 0.05 0.40 0.00 

47 19/11/2010 to 25/11/2010 3.80 0.5 11.25 4.25 0.00 0.30 0.00 

48 26/11/2010 to 2/12/2010 2.90 0.5 11.25 9.18 0.45 0.45 0.35 

 

STW Period Mealy bug 

population / 5 

cm shoot 

Average 

grade / 

plant 

Per cent 

severity within 

tagged plant 

Per cent 

parasitism 

Predators 

LBB Spider Green 

lacewing 

49 3/12/2010 to 9/12/2010 2.30 1.1 26.25 9.30 0.00 0.00 0.00 

50 10/12/2010 to 16/12/2010 4.30 1.9 46.25 8.18 0.00 0.50 0.00 

51 17/12/2010 to 23/12/2010 7.70 2.2 53.75 8.55 2.95 0.80 0.90 

52 24/12/2010to 31/12/2010 8.10 2.2 55.00 9.23 4.85 1.95 1.30 

1 1/11/2011 to 7/11/2011 11.20 2.3 57.50 10.31 13.35 4.40 4.45 

2 8/1/2011 to 14/1/2011 14.90 2.4 60.00 11.05 9.20 5.60 2.80 

3 15/1/2011 to 21/1/2011 17.30 2.5 61.25 12.21 6.15 7.45 2.15 

4 22/1/2011 to 28/1/2011 17.60 2.8 68.75 17.48 5.60 6.90 1.95 

5 29/1/2011 to 4/2/2011 21.00 2.8 68.75 15.71 5.15 6.45 1.30 

6 5/2/2011 to 11/2/2011 15.30 2.9 72.50 23.58 4.90 5.70 1.05 

7 12/2/2011 to 18/2/2011 9.70 2.9 72.50 27.93 3.90 5.40 0.70 

8 19/2/2011 to 25/2/2011 6.90 2.9 72.50 33.71 4.35 5.80 0.85 

 

Conti..... Table 1: Incidence of mealybug and its natural enemies on VICH 5 BG I Bt Hybrid at MCRS, NAU, Surat (kharif

2010-11)

*= Parameters on primary axis

corresponding severity of infestation within tagged plants

(Table 1) revealed gradual increase in the average grade

and severity from 38th standard week i.e., third week of

September (av. grade 0.4 and corresponding severity of

8.72 %) to 6th standard week i.e., second week of February

(av. grade 2.9 and corresponding severity 72.50 %) with the

simultaneous increase in the population of mealybug within

tagged plants. Several workers studied the occurrence or

dynamics of the mealybug at different locations and

varieties. Dhawan et al. (2009) recorded highest field

infestation in the 30th meteorological week in Bathinda,

Muktsar and Ferozepur districts and in 34th metrological

week in Faridkot district. Saroja et al. (2009) observed

mealybug incidence from August to November with peak

activity in second week of October in Andhra Pradesh.

Dharajothi et al. (2010) recorded mean mealybug population

ranged from 6.0 to 11.8 per plant during 2008-09. Suresh et

al. (2010) observed maximum population of P. solenopsis
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STW: Standard meteorological week and DAS= Days after sowing

Conti..... Table 2: Incidence of other insect pests on VICH BG I Bt Hybrid at MCRS, NAU, Surat (kharif 2010-11)

Table 2. Incidence of other insect pests on VICH BG I Bt Hybrid at MCRS, NAU, Surat (kharif 2010-11)

Months STW DAS Sucking Pests / 3 leaves Pink bollworm (PBW) and its damage 

Aphids Jassids Thrips Whitefly Rosette  

flower 

(%) 

Green 

boll 

damage 

(%) 

PBW larva per 20 green 

bolls 

No. 

of 

wart 

/ boll 

No. of 

mines/ 

boll 

No. of 

exit 

holes/ 

boll 

No of male 

moth per 

trap 
Dead Milky Pink Total 

August 32  3.33 1.23 0.33 0.23 - - - - - - - - - 0 

33  1.22 1.65 1.12 0.45          0 

34  1.07 3.40 0.78 0.62 - - - - - - - - - 0 

35  0.55 1.83 2.45 0.00          0 

September 36  0.18 1.23 4.60 0.17 - - - - - - - - - 0 

37  0.15 2.47 2.62 0.10          0 

38 60 0.05 0.88 1.30 0.00 0.00 0.00 0 0 0 0.00 0 0 0 0 

39  0.45 4.15 0.38 0.13          0 

October  40 75 0.25 1.75 0.00 3.30 0.00 0.00 0 0 0 0.00 0 0 0 0 

41  0.10 2.20 0.32 1.12          0 

42 90 0.88 3.25 0.00 1.45 0.00 0.00 0 0 0 0.00 0 0 0 0 

43  0.73 3.97 0.00 1.30          0 

44 105 0.38 3.42 0.00 2.93 0.00 0.00 0 0 0 0.00 0 0 0 1 

November  45  0.00 7.32 0.00 1.32          3 

46 120 0.00 6.33 0.00 1.07 1.25 10.00 1 1 0 2.00 1 0 0 1 

47  0.00 1.48 0.00 0.25          10 

48 135 0.00 1.27 0.00 0.22 1.69 10.00 1 1 1 3.00 1 2 0 8 

 

Months ST

W 

DAS Sucking Pests / 3 leaves Pink bollworm (PBW) and its damage 

Aphids Jassids Thrips Whitefly Rosette  

flower 

(%) 

Green 

boll 

damage 

(%) 

PBW larva per 20 green 

bolls 

No. of 

wart / 

boll 

No. of 

mines/ 

boll 

No. of  

exit  

holes/ boll 

No of 

male 

moth per 

trap  
Dead Milky Pink Total 

December  49  0.00 1.98 0.00 0.00                   7 

50 150 1.62 1.82 0.00 0.28 1.85 10.00 1 1 1 3.00 2 3 1 2 

51  1.90 2.52 0.00 1.02                   12 

52 165 4.23 2.42 0.00 0.28 7.89 25.00 0 4 3 7.00 3 5 1 18 

January 1  11.97 1.28 0.00 0.10                   21 

2 180 9.60 1.08 0.00 0.18 10.34 35.00 0 3 4 7.00 3 5 2 44 

3  8.72 1.52 0.00 0.43                   74 

4 195 6.85 1.23 0.00 0.32 17.39 35.00 0 2 5 7.00 4 7 3 79 

5  5.00 0.97 0.00 0.23                   89 

February  6 210 4.18 0.72 0.00 0.00 30.00 40.00 0 1 7 8.00 4 9 3 51 

7  1.72 0.55 0.00 0.20                   36 

8  1.30 0.45 0.00 0.00 -  - - - - - - - - 29 

 

(35 insects per 5 cm twig) during June which decreased

slowly during September and disappeared in February.

The incidence of different predator viz., ladybird

beetle, green lacewing and spider were recorded with the

incidence of mealybugs. The data on incidence of different

predators presented in Table 1 showed that the population

of predators was low during initial period of the crop. Higher

activity of all the above predators was noticed during the

higher incidence of the mealybug during 1st standard week

i.e., first week of January to 8th standard week i.e., fourth

week of February. The peak populations of ladybird beetle

(av. 13.35/plant) and green lacewing (av. 4.45/plant) were

recorded in 1st standard week i.e., first week of January

2011, whereas, of spider in 3rd standard week i.e., third
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Table 3. Correlation matrix of important pests with biotic and abiotic factors

Sr. 

No. 

Factors Sucking Pests Natural enemies Trap 

catches 

of PBW 

male 

moth 

Mealybug Aphids Leaf  

hopper 

Thrips Whitefly Per cent 

parasitism 

LBB Green 

lacewing 

Spider 

 A. Abiotic factors 

X1 Max. Temp.(°C) -0.1801 -0.3001 0.2741 -0.2508 0.4413* -0.0442 -0.1963 -0.2134 0.2211 -0.2564 

X2 Min. Temp. (°C) -0.08309 
-

0.7103*

* 

0.3313 0.4242* 0.2945 -0.7142** 
-0.7876 

** 

-0.7242 

** 

-0.8012 

** 
-0.7570 ** 

X3 
Morning humidity 

(%) 
-0.5558** -0.4998 0.1988 0.4388* 0.2303 -0.6528** 

-0.6019 

** 

-0.5130 

** 

-0.5859 

** 
-0.4437 * 

X4 
Evening humidity 

(%) 
-0.5870** -0.5565 0.0892 

0.6061*

* 
-0.0577 -0.6193** 

-0.6975 

** 

-0.6373 

** 

-0.5581 

** 
-0.4326 * 

X5 Sunshine hours  0.6283** 0.293 -0.0213 

-

0.6640*
* 

0.1010 0.6449** 0.4118 * 0.3254 0.5365 ** 0.5113 ** 

X6 Rainfall (mm) -0.4436* -0.2576 0.0364 
0.7233*

* 
-0.1138 -0.3832* -0.2975 -0.2738 -0.2958 0.4971 ** 

X7 Rainy days -0.5452** -0.3623 -0.0888 
0.8694*

* 
-0.1665 -0.5134** -0.4134 * -0.3772 * -0.4131 * 0.3003 

X8 Wind velocity (km/h) 0.3684* - - - - 0.2460 - - - -0.4132 * 

 B. Biotic factors 

P1 
Parasitoid (A. 
bambawalei) 

0.6472** - - - - - - - - - 

P2 Lady bird beetle 0.7657 ** 
0.9351*

* 
- - - - - - - - 

P3 Green lacewing  0.7130 ** 
0.9613*

* 
- - - - - - - - 

P4 Spider 0.9016 ** 
0.7511*

* 
- - - - - - - - 

Note: * Significant at 5 % level of significance       ** Significant at 1 % level of significance        PBW= Pink bollworm 

 

week of January (av. 7.45/plant). The correlation between

mealybug incidence and activity of different predators was

found positive and highly significant (Table 3). In case of

correlation, predators’ population viz., ladybird beetle and

spider populations showed positive correlations with

sunshine hour. The significant and negative correlations

observed for all three predators with minimum

temperature, relative humidity (morning and evening) and

rainy days (Table 3). Kengegowda et al. (2005) reported the

occurrence of coccinellid predator from 36th to 6th standard

week (0.05 to 3.35 av. no./plant), whereas spider and green

lacewing observed throughout the crop period with peak

activity of spider during 43rd standard week and of green

lacewing in 49 th standard week on MECH 162 Bt in

Karnataka.

The ancillary data on incidence aphid, leaf hopper,

thrips and whitefly as well as of pink bollworm and its

damage were presented in Table 2.  Leaf hopper appeared

throughout the crop period and the population ranged from

0.45 to 7.32 per 3 leaves. Peak population was found in 45th

standard week i.e., second week of November (7.32/3

leaves). Population remained above ETL (above 6.0 per 3

leaves) only twice during second and third week of

November. In contrast with leaf hopper, other sucking pests

viz., aphid, thrips and whitefly were recorded below ETL

(av.10/3 leaves). Thrips was recorded from 32nd to 41st

standard week (second week of August to first week of

October). Aphid was observed from 32nd to 44th standard

week (second week of August to first week of October) and

again from 50 th to 8 th standard week (second week of

December to fourth week of February). During second phase

of incidence, peak population was noticed in 1st standard

week i.e., first week of January (11.97/3 leaves).   Whitely

appeared throughout the crop period except during 35th,
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49th, 7th and 8th standard weeks and its population remained

negligible (> below 4.0 per 3 leaves. None of the weather

parameters studied was found to influence the leaf hopper

populations significantly. Minimum temperature had

significant negative influence on population build up of

aphid whereas maximum temperature had positive influence

on population build up of whitefly. The population of thrips

showed significant positive correlations with minimum

temperature, morning relative humidity, evening relative

humidity, rainfall and rainy day and negative correlation

with sunshine hours (Table 3).

The trap catches of pink bollworm moths

revealed the incidence of pink bollworm from 44th to 8th

standard week (fourth week of October to second week of

February) with peak catches in 5th standard week i.e., first

week of February (89 moths/trap) (Table 2). The rosette

flowers and green boll damage observed from 46th standard

week i.e., 120 DAS (1.25 % rosette flower and 10 % green

boll damage) to 6th standard week i.e., 210 DAS (30 % rosette

flower and 40 % green boll damage). As high as 8 larvae/ 20

bolls along with 4 warts, 9 mines and 3 exit

holes were noticed in 6th standard week i.e. 210 DAS (Figure

2). Desai et al.  (2009) observed the Jassid activity

throughout the crop period and thrips from 31st to 41st week

while aphid and whitefly in later part of the season with

negligible incidence on RCH 2 Bt at Surat. Bharpoda et al.

(2010) reported that maximum temperature had

significant positive and morning relative humidity had

negative effect on thrips activity which appeared from 30th

to 52nd standard week (0.56 to 7.97 per leaf) on RCH 2 Bt (BG

II) at Anand.

Fig. 2. Incidence of P. gossypiella and its damage to flower and green boll
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