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Population dynamics of sucking pests in dual
season cotton ecosystem and its correlation
with weather factors

ABSTRACT |

Population dynamics of sucking pests in cotton ecosystem were studied at Tamil Nadu Agricultural University,
Coimbatore during winter (2021) and summer (2022) seasons. Weekly observations were recorded on 20 randomly
selected plants representing top, middle and bottom canopy of the crop which was raised in regular planting dates of
winter and summer and were maintained as per the recommended regular agronomic practices except insect
management interventions. During winter season, sucking pests viz., leafhopper, aphids, thrips, and whitefly were first
observed in field from 39" SMW i.e. one month after sowing. Mealybugs were first observed during 41% SMW i.e. 43
days after sowing (DAS) of crop. The highest population of leafhopper, aphids, thrips, whitefly and mealybug recorded
was 4.7, 18.7, 4.6, 2.45 no. per 3 leaves and 13.7 no. per 3 twigs, respectively. The mean population of sucking pests
was high in October, 2021 and coincided with square formation to flowering stage except mealybug, which attained
peak during January, at the boll bursting stage of crop. During summer season, the sucking pests were found to
colonize from 8" SMW, corresponded to 20 DAS crop, while the mealybug occurred at 11™ SMW, 40 DAS crop. The
peak population of leafhopper, aphids, thrips, whitefly and mealybug registered was 5.4, 38.4, 4.9, 7.07 no./ 3 leaves
and 2.4 no./ 3 twigs, respectively. The mean population of sucking pests was high from mid march to first fortnight of
april 2022, and by that time the crop was at square formation to flowering stage. On comparison of both the season,
summer season crop was infested by intensive level of sucking pests. Correlation results revealed that maximum
temperature (°C) showed positive correlation, whereas rainfall (mm) showed negative correlation with population
growth of sucking pests. Results of multiple linear regression analysis revealed that all the weather parameters
collectively caused 51.1 % — 88.4 % influence on the population fluctuation of sucking pests.
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1. INTRODUCTION

Cotton (Gossypium.spp.) is the most important fiber and cash crop of India and it plays an essential role in the
agricultural economy of the country. Cotton occupies nearly 2.5% world’s arable land and accounts for about 25 per cent
of total global fibre production. It provides direct livelihood to 6 million farmers and employs nearly 40-50 million people
under the processing [1]. India, China and the United States of America are the global leaders in cotton production. The
four cultivable species of cotton viz., Gossypium hirsutum, G.barbadanse, G.arboreum, and G.herbaceum are
commercially grown in India under a diversified ecosystem. However, 90% of global production comes only from G.
hirsutum [2] During 2021-22, India produced 340.62 lakh bales of 170 kg of cotton from an area of 123.50 lakh ha with a
productivity of 468.87 kg per ha [3].

In spite of being the best cotton producing country, India faces a plenty of issues in cotton production and out of
which damage by insect pests attract greater importance. In India, over 166 insect species affect cotton, and of which 15
are considered key pests [4] [5] [6], which include bollworms and sucking pests complex. With the wider cultivation of Cry



toxin protein expressing transgenic cotton, the pest status on cotton has experienced a shift. Incidence of bollworms and
leaf feeding insects are low ebbed, but sap feeders, including whitefly Bemisia tabaci (Gennadius), leafhopper Amrasca
devastans(Dist.), mealybug Phenacoccus solenopsis (Tinsley), thrips Scirtothrips dorsalis Hood and Thrips tabaci
(Lindemann), aphids Aphis gossypii (Glover) and mired Creontiades biseratense (Distant) are emerging as serious pests
[7]1 [8]. The average yield loss due to leafhopper alone was 1.10 g/ha [9]. The yield loss of 726.12 kg/ha can be saved by
giving protection against sucking pests in cotton [10]. It is important to monitor the occurrence of these sucking insect
pests in a given set of natural weather conditions to draw pest management strategies and will help to establish
sustainable management of the sucking insect pests in a changing pest scenario due to reduced impact of bollworm
complex by Bt cotton cultivation. With the above background, the current research was focused on studying the
population dynamics of major sucking pests in cotton ecosystem and their correlation with weather parameters.

2. MATERIAL AND METHODS

2.1 Study area

The experiment was conducted at the Department of Cotton, Tamil Nadu Agricultural University, Coimbatore,
India (Lat: 11.015°N, Long: 76.92°E) to study the sucking pests (leafhopper, aphid, whitefly, thrips, and mealybug)
population dynamics in relation with different climatic factors (temperature (C), relative humidity (RH) (%), rainfall (mm),
leaf canopy temperature (C), sunshine hours, wind speed (Km/hr) solar radiation during 2021-2022. As a winter season
crop, cotton (Col7 variety) was sown in a plot size of 100m? with 90 x 45 cm spacing on 25.08.2021. And again, sown on
30.01.2022 as summer season crop with same plot size and spacing. The crop was grown and maintained as per
recommended agronomical practices except insecticide spraying.

2.2 Sampling method

Observations on sucking pests viz., leafhopper (nymphal population), aphids (adult population), whitefly (adult
population), and thrips (adult population) were recorded from 20 randomly selected plants avoiding the borders of the field
plot on 3 leaves per selected plant representing the top, middle and bottom canopy of the crop. For mealybug, 3 twigs per
plant (10cm length) were selected and adult population was counted. Insect counts were taken at weekly intervals (based
on standard mean week) from early stage to maturity of crop during morning hours (8.00 - 9.00 AM). Weather data
recorded by Agro Climatic Research Center, TNAU, Coimbatore for the selected corresponding Standard Mean Week
(SMW) of the study period were used for analysis of correlation and regression using statistical procedures.

2.3 Statistical analysis

Correlation and multiple linear regression analysis were performed between weekly mean weather parameters
and pest counts using IBM SPSS Statistics version 22. The sucking pests population recorded were correlated with the
weather parameters and correlation coefficient (r) was arrived to assess the influence of weather factors on the population
dynamics. Regression analysis determined the strength of relationship between population and abiotic factors from R?
value.

3. RESULTS AND DISCUSSION

3.1 Leafhopper population

During winter season (Fig. 1), leafhopper incidence started from 39" SMW (Standard Mean Week) that is one
month after sowing with the mean population of 1.09 leafhopper/3 leaves. The weekly mean maximum temperature (31.4
°C), minimum temperature (23.3°C), morning RH (83%), evening RH (59%), and rainfall (17.5mm) were observed during
the initiation of Ieafhopper |nC|dence Leafhopper population gradually increased and reached peak population of 4.7 per 3
leaves during 42" sMw (3 week of October 2021) that is 50 days after sowing (DAS) at flowering stage of crop. The
weekly mean of maximum temperature (31°C), minimum temperature (23.5°C), morning RH (86%), evening RH (66%),
and rainfall (66.5mm) were observed durmg the peak period. Thereafter, declining trend was observed and reached below
ETL (>2 numbers per leaf [11]) during 45"™ SMW. Then, the population moderately increased and remained throughout the
cropping period. During this season the mean leafhopper population ranged from 1.09 to 4.7 no. /3 leaves.

The weekly mean computed for the SMW (Table 1) during the season pertaining to maximum temperature
(r=0.028), morning RH (r=0.025), leaf canopy temperature (r=0.224), sunshine hours (r= 0.360), solar radiation (r= 0.330)
had a non significant positive influence on population growth of leafhopper. Whereas, a non-significant negative
correlation was observed in case of minimum temperature (r= -0.165), evening RH (r= -0.125), rainfall (r= -0.143),
evaporation (r= -0.445), and wind speed (r= -0.02). The results of multiple regression analysis revealed that all the
weather parameters collectively contributed for 88.3% variability in leafhopper population.

During summer season (Fig. 2), leafhopper population started its appearance from 8" SMW onwards (last week
of February, 2022) that is 20 DAS. Maximum temperature (32.6 °C), minimum temperature (22.3°C), morning RH (83%),
evening RH (39%), rainfall (0.00mm) were observed during the initiation of leafhopper incidence. It attained pest status



from 9" SMW and the highest population recorded at 14" SMW (first week of April, 2022) that is 61 DAS at flowering
stage of crop with the mean population of 5.4 / 3 leaves. An average maximum temperature (35.4°C), minimum
temperature (24.7°C), morning RH (83%), evening RH (41%), rainfall (0.00mm) were observed during the peak period.
Then the population gradually declined when the crop reached near harvesting stage. During this season the population
range was 1.8 — 5.4 leafhopper / 3 leaves.

In summer (Table 1), the maximum temperature (r=0.508), minimum temperature (r=0.098), morning RH
(r=0.069), leaf canopy temperature (r=0.351), evaporation (r=0.404), and solar radiation (r= 0.080) had a positive
influence on population growth of leafhopper. Whereas, negative correlation was observed in case of evening RH (r= -
0.178), rainfall (r= -0.206), sunshine hours (r= - 0.060), and wind speed (r= - 0.385). The maximum temperature only was
significantly correlated with leafhopper population. The multiple regression analysis results revealed that all weather
parameters contributed about 62.7% variability in leafhopper population.

With the winter season planting of cotton by August — September months of each year, it seems leafhopper
required at least a month time to build its population and studies on population of leafhopper also conflrmed the same.
From 39" SMW onwards leafhopper |nC|dence showed increasing trends and crossed ETL from 42™ to 47" standard
week at Bapatla, Andhra Pradesh [12]. By 42" 4 SMw, the crop |s in early reproductive phase and has given peak build up
of population and similar increased leafhopper population by 42" “SMW at Guntur, Andhra Pradesh [13]. By the month of
October all timely sown cotton attains reproductive phase and the canopy build up and intensive growth of the cotton crop
might have helped the leafhopper to quickly build up its population. A two year study reported highest incidence of
leafhopper during the third week of October in 2009-10 and during first week of October in 2010-11 [14]. Similar such
reports had emerged from other studies also [15] [16] [17] [18] [19] [20].

A positive correlation between cotton leafhopper population with maximum temperature [16] [21] was reported.
However, a negative correlation with morning and evening RH [17], rainfall [21].A non-significantly positive association
with all meteorological variables except minimum temperature and rainfall was found [20]. Maximum temperature had a
significant favourable effect on the incidence of leafhoppers, while minimum temperature, rainfall, morning and evening
RH all indicated a positive but non-significant association [18] [19] [22].

Regression analysis had revealed that meteorological parameters cumulatively contributed towards overall
fluctuation in the leafhopper population was reported to be 75% (R =0.75) [19], 67-80% [23], 64.1% [17] and 57.2% [13].

3.2 Aphid population

In winter cotton aphid infestation begun by 39" SMW that matched to one month after sowing and by 42" ¢ smMw
(3 week of October, 2021) the highest aphid population was reached that coincided with 50DAS and was at flowering
stage of crop with 18.7 adults / 3 leaves. An average maximum temperature (31°C), minimum temperature (23.5°C),
morning RH (86%), evening RH (66%), rainfall (66.5mm) were observed during the peak perlod After that, aphid
population quickly decreased and the lowest population of 4.01 no./ 3 leaves was noticed during 46™ SMW. Again the
population had moderately increased and persisted till harvesting of crop. It was observed that the presence of aphid
population in cotton field was maximum during early stage (Fig. 1).

In winter cotton season, occurrence of aphid infestation was positively affected by maximum temperature
(r=0.318), leaf canopy temperature (r=0.534), sunshine hours (r= 0.601), evaporation (r=0.030), wind speed (r= 0.466),
solar radiation (r= 0.634) (Table 1). Whereas, negative correlation was observed in case of minimum temperature (r= -
0.236), morning RH (r= - 0.518), evening RH (r= -0.425), rainfall (r= - 0.468). Solar radiation showed highly significant
correlation while factors viz., morning RH, leaf canopy temperature and sunshine hours had a significant correlation with
aphid population growth.

Durmg summer cotton season, 8" SMW onwards i.e. after 20 days of sowmg, the aphid infestation occurred.
From 9" SMW, population spurted and reached the peak of 38.4 adult / 3 leaves by 14™ SMW and the crop was at 62
DAS at flowering stage. An average maximum temperature (35.4°C), minimum temperature (24.7°C), morning RH (83%),
evening RH (41%), and rainfall (0.00mm) were observed during the peak period. Then, the population suddenly declined
from 16" SMW but persisted throughout the season. The aphid population had ranged from 2.6 — 38.4 no. / 3 leaves (Fig.
2).

Maximum temperature (r=0.481), minimum temperature (r=0.140), morning RH (r=0.306), leaf canopy
temperature (r=0.173), evaporation (r=0.279), and solar radiation (r=0.095) had positive influence on population growth of
aphids during the period of investigation. Whereas, a negative correlation was observed in case of evening RH (r= -
0.169), rainfall (r= -0.007), sunshine hours (r= -0.075), and wind speed (r= -0.385). Among all these factors, only wind
speed showed a highly significant correlation with aphid population. Overall, results of multiple regression analysis
revealed that all the abiotic factors contributed to 88.4 % and 69.4% variability in aphid population during winter and
summer season, respectively.

The present findings are in close conformity with following results. The peak population of aphids was recorded in
42" SMW with the population of 40.40 aphids/ 3 leaves [15]. Similar findings were reported in previous studies also [17]
[10] [24] [20] [13]. In correlation studies conducted previously, aphid population showed a positive correlation with all
weather parameters except maximum temperature, which showed a significant negative correlation [12], likewise, a
negative correlation with minimum temperature was also noticed [17]. It was also affirmed that aphid population exhibited



a non-significant negative association with maximum temperature, rainfall and relative humidity, whereas showed a
positive link with minimum temperature [25]. In a two year study, the population of aphids exhibited significantly positive
relation with maximum temperature, minimum temperature, and evening RH, but a non-significant positive link with
morning RH and rainfall in 2013-14, and there was a significant positive relation with minimum temperature and a non-
significant positive correlation with all other meteorological factors in 2014-15 [20]. A positive association with sunshine
hours for aphid population was also elucidated in previous analysis [13] [22] [26]. Fluctuation in aphid population due to
abiotic factors varied from 42.9% and 69.6% was registered in studies [13] [17]. All these information along with the
present reports clearly suggested that the weather factors have a profound influence on aphid population build up in
cotton crop, however the host plant age and nutritional status also may contribute to the same cause.

3.3 Thrips population

Thrips started infesting winter cotton from 39" SMW that is one month after sowing with the mean population of
2.3 adults per 3 leaves. The mean weekly maximum temperature (31.4 °C), minimum temperature (23.3°C), morning RH
(83%), evening RH (59%), and rainfall (17.5mm) were observed during thrips infestation. By 2" week of October 2021
(41* SMW) i.e. 43 DAS, the crop being at square formation stage recorded the peak population (4.6 no./ 3 leaves). An
average maximum temperature (30.9°C), minimum temperature (23.3°C), morning RH (83%), evening RH (65%), and
rainfall (11.5mm) were observed during the peak thrips infestation period. Throughout the season thrips were observed in
leaves but had not increased beyond ETL. The population range was 0.8 no. - 4.6 no./ 3 leaves (Fig. 1).

The weekly mean maximum temperature (r=0.354), minimum temperature (r=0.078), leaf canopy temperature
(r=0.550), sunshine hours (r= 0.553), evaporation (r=0.154), wind speed (r= 0.309), and solar radiation (r= 0.359) had a
favorable influence on population growth. Whereas, morning RH (r= -0.286), evening RH (r= -0.226), and rainfall (r= -
0.354) had showed negative correlation. Leaf canopy temperature and sunshine hours significantly correlated with thrips
population (Table 1).

Thrips were observed from 8" SMW onwards in summer cotton coincided with 20DAS and attained a peak (4.9
adults / 3 leaves) during 11™ SMW of 2022 and that is 40 DAS of cotton crop. A mean maximum temperature (35.3°C),
minimum temperature (21°C), morning RH (78%), Evening RH (30%), Rainfall (0.00mm) were observed during the peak
period. The average population of thrips ranged from 0.1 to 4.9 no. / 3 leaves (Fig. 2).

The weekly mean maximum temperature (r=0.745), Minimum temperature (r=0.200), morning RH (r=0.130), leaf
canopy temperature (r=0.536), sunshine hours (r= 0.138), evaporation (r=0.538), and solar radiation (r= 0.168) had a
favorable influence on population growth of thrips. However, evening RH (r= -0.167), rainfall (r= -0.028), and wind speed
(r= -0.548) had shown a negative association with thrips field incidence. Among all these parameters, maximum
temperature, and leaf canopy temperature, evaporation and wind speed had recorded a highly significant and significant
correlation with thrips population growth, respectively (Table 1). The results of multiple regression analysis had revealed
that all abiotic factors studied had contributed 67.9 % and 87.6% variability in thrips population during winter and summer
season, respectively.

In past years also thrips population reached peak during 41% SMW in winter cultivated cotton crop [13] [17] [16].
In general cool dry weather encouraged build up of thrips population and also the profuse and luxurious presence of
cotton canopy may support thrips build up.

Earlier findings had revealed various patterns of correlation with different weather parameters prevailed, a
significant positive correlation with maximum temperature [12] [22] and minimum temperature [12] [22] [27], morning RH
[27] evening RH [12] [27], sunshine hours [28] and rainfall [12]. In contrast, negative correlations of thrips population with
maximum temperature [27], rainfall [28] [22], minimum temperature [28], wind speed [28], morning RH [28], evening RH
[28], morning vapour pressure [28] and evening vapour pressure [28]. Abiotic factors had a significant influence on thrips
population. As found in the present study, in previous reports also 70.0% and 69.7% variation in thrips population due to
influence of weather factors were explained [17] [13].

3.4 Whitefly population

During winter cotton season, whitefly population emerged in field at the end of September, 2021 (39th SMW) that
is one month after sowing with the mean population of 0.5 no./ 3 leaves. The peak population was attained during 41
SMW (second week of October) that is 43 DAS at that time crop attain square formation stage. The peak population was
2.45 no. / 3 leaves which was very low when compared with ETL of whitefly pest in cotton. Whitefly population ranged
from 0.5 to 2.45 no. / 3 leaves during this period of investigation. The abiotic factors used in correlation studies with
whitefly population did not produce any significant correlation (Fig. 1).

However, in summer cotton season (Fig. 2), the whitefly population ranged between 3.3 to 7.07 no./ 3 leaves with
its appearance from 8" SMW (20 DAS) and attained pest status from 9" SMW and peaked by 12™ SMw, that is 7" week
after sowing when the crop was at vegetative to square formation stage (7.07 no./ 3 leaves). After that, whitefly population
gradually decreased and reached below ETL (4.05 whitefly/ 3 leaves) from 16™ SMW but persisted throughout the season
(Fig. 2).

Among the weather parameters studied, evaporation (r=0.650), and solar radiation (r=0.661) while evening RH (r=
-0.604) had shown highly significant positive and negative correlation with whitefly population, respectively, However, leaf



canopy temperature, maximum temperature were significantly positively correlated with whitefly population growth. For
whitefly population development (Table 1), all the abiotic factors had contributed 83.5 % and 85.7% variability during
winter and summer season, respectively.

In earlier stud|es also whitefly population was found to reach peak during 42" SMW and afterwards it got
decreased up to 51 SMW at Hisar, Haryana, India [29]. In summer season, the peak of whitefly was noticed during April
second fortnight with a record of 29.50 population per three leaves at Shimoga, Karnataka [26]. In yet another study, the
incidence of peak population of whitefly recorded in 44™ SMW with the population of 12.60 whitefly/ 3 leaves at Parbhani,
Maharastra [15].

In previous studies, weather parameters viz., rainfall, rainy days, morning RH and evening RH showed negative
correlation, whereas maximum temperature and minimum temperature recorded significant positive correlation [16].
However,maximum and minimum temperature exerted negative correlation, while morning RH showed positive correlation
[17].Regression analysis of whitefly population against weather parameters had shown a fluctuation range of 50-69% [23]
[17] while it was only 27.6% in another study [13].

3.5 Mealybug population

In winter season, mealybug infestation begun (0.04 no./ 3 twigs) from 41% SMW (2021) that is f|ve weeks after
sowing, when the crop is at vegetative stage. The peak population (13.7 adults / 3 twigs) was noticed by 2" 4 SMW of 2022
that is 18 weeks after sowing when the crop is at boll bursting stage (Fig. 1). The mealybug population was very low
throughout the season, but at the time of harvesting the population drastically increased and attained pest status (Fig. 1).
The mean maximum temperature (r=0.166), leaf canopy temperature (r=0.170), and sunshine hours (r= 0.371) had a non-
sginificant positive influence, while minimum temperature (r= -0.233), morning RH (r= -0.102), evening RH (r= -0.461),
rainfall (r= -0.336), wind speed (r= -0.140), evaporation (r= -0.093), and solar radiation (r= -0.356) had a negative
correlation with mealybug population (Table 1).

During summer season (Fig. 2), the mealybug population ranged from 0.9 (11 SMW) to 2.4 no. (14 SMW) / 3
twigs of plant. From 8™ week after sowing (14 SMW), mealybug population showed decreasing trend but persisted till
harvest. Only a non-significant positive or negative correlation was noticed for different abiotic factors studied (Table 1).
All abiotic factors studied, had contributed a variability of 65.6 % and 51.1% in mealybug population during winter and
summer seasons, respectively.

Mealybug population in winter sown crop was noticed from August and had peaked by December [16]
[22].Previous correlation studies revealed that all climatic factors showed a significant negative correlation with the
mealybug infestation except maximum and minimum temperature. Mealybug infestation was found to have a positive
correlation with maximum temperature, sunshine hours whereas minimum temperature, rainfall, morning and evening
relative humidity had negative correlation [22].
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Fig. 1: Population dynamics of major sucking pests in cotton ecosystem- winter season 2021-22 (Coimbatore)
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Table 1: Correlation and regression values obtained in analysis between abiotic factors and mean population of

major sucking pests in cotton ecosystem during winter 2021-22 and summer 2022
Winter season Summer season

Abiotic LH AP TH WH MB LH AP TH WH MB
Factors
Maximum
Ze(Tg)erat“r 0028 | 0318 | 0.354 | 0014 | 0166 | 0508 | 0.481 | 0.745" | 0.527* | 0.489
Minimum
Z‘?Tg;*rat“r -0.165 | -0.236 | 0.078 | 0.188 -0.233 | 0.098 0.140 0.200 -0.354 0.464
RH Morning
(%) 0.025 | ..o+ | -0.286 | 0.087 -0.102 0.069 0.306 0.130 -0.111 0.306
RH Evening -
%) -0.125 | -0.425 | -0.226 | 0.260 -0.461 -0.178 -0.169 -0.167 -0.604 0.117
Rainfall
(mm) -0.143 | -0.468 | -0.354 | -0.062 -0.336 -0.206 -0.007 -0.028 -0.254 -0.134
Leaf
Canopy 0.224 | 0534 | 0550 | 0.276 0.170 0.351 0.173 0536 | 0.336 0.271
Temperatur
e (°C)
Sunshine . .
Hours 0.360 | 0.601° | 0.553" | 0.082 0.371 -0.060 -0.075 0.138 0.228 -0.017




Evaporation . "

-0.445 | 0.030 0.154 -0.396 -0.093 0.404 0.279 0.538 0.650 0.192
Windspeed " .

-0.022 | 0.466 0.309 -0.162 -0.140 -0.385 -0.695 -0.548 -0.262 -0.331
Solar " "
Radiation 0.330 0.634 0.359 -0.067 0.356 0.080 0.095 0.168 0.661 -0.103
R2Value

0.883 0.884 0.679 0.835 0.656 0.627 0.694 0.879 0.857 0.511

*, Correlation is significant at the 0.05 level (2-tailed).
**_Correlation is significant at the 0.01 level (2-tailed).
LH- Leafhopper, AP- Aphids, TH- Thrips, WF- Whitelfy, MB- Mealybug,

4. CONCLUSION

The current research concluded that weather factor influences the seasonal activity and population growth of sucking
pests. The correlation studies clearly demonstrate the significance of weather factors in predicting the sucking pests
incidence in cotton ecosystem. These studies will undoubtedly be beneficial to farmers and extension workers in order to
aptly monitor the pests and apply effective pest control strategies for increased cotton cultivation.
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