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The seasonal abundance of the pink bollworm, Pectinophora gossypiella (Saunders) (Lepidoptera: 
Gelechiidae), was investigated from January 2016 to December 2018 in Tandojam, Pakistan, through 
pheromone trapping. Results showed that adult moths were present throughout the year in Tandojam. 
Moth abundance varied among months due to differences in weather conditions and host availability. 
The greatest moth populations were observed from August to November. Peak abundance occurred in 
September 2016 and 2017 (103.8 and 95.8 moths/trap, respectively), and in October 2018 (156.6 moths/
trap). The lowest populations were recorded in June 2016 and 2018 (4.3 and 2.3 moths/trap, respectively), 
and in February 2017 (1.5 moths/trap). Trap catches were positively correlated with temperature and 
relative humidity, but negatively correlated with sunshine, in all three years. Rainfall was positively 
correlated with trap catches in 2016 and 2017, but negatively correlated in 2018. Multiple regression 
analysis was used to estimate the combined effect of all weather factors on population fluctuation of pink 
bollworm. The R2 values indicated that weather factors cumulatively explained 76.4, 91.4 and 69.4% of 
variability in the abundance of pink bollworm in 2016, 2017 and 2018, respectively. The results of the 
study allow pest managers to focus treatment during the time of year when moths are most abundant.

Cotton has become the most important industrial crop 
worldwide by providing raw material for the textile 

industry, fiber for export, animal food, and edible oil 
(Ozyigit et al., 2007). Pakistan is the fourth largest producer 
of cotton, after China, India and United States (Iqbal et al., 
2010). Cotton is also the second most cultivated crop (after 
wheat) in Pakistan, contributing 55% to foreign exchange 
earnings and 1.0% to gross domestic product (GDP) 
(Rehman et al., 2019). Cotton production in Pakistan was 
10.1 million bales in 2015-2016, which represented a 
27.83% decline from 13.96 million bales in 2014-15 (GoP, 
2016). The cotton yield per hectare is presently below 
average owing to severe insect infestation, injudicious 
fertilizer use, limited water availability, prevalence of 
pathogenic microflora and weed competition (Asif et al., 
2016; USDA, 2016; Rehman et al., 2019).

Pink bollworm, Pectinophora gossypiella (Saunders) 
(Lepidoptera: Gelechiidae), is one of the most devastating 
pests of cotton, causing 20-30% loss of bolls (Khuhro et 
al., 2015). Larvae bore in to the flowers and bolls with in 
short period after hatching. It feed on fruiting bodies and 
seeds, which result in incomplete or early boll opening, 
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boll decaying, decline in staple length and increased trash 
content of lint (Hutchison et al., 1988). The first four 
generations complete development on cotton crop, and the 
fifth generation larvae diapause in leftover bolls after last 
harvest and seed cotton in ginning factories (Ahmed, 2013).

The ability to predict a pest’s occurrence, abundance 
and distribution is crucial in strategically developing a 
tactical pest control plan (Maelzer and Zalucki, 2000). 
The occurrence of P. scutigera (pink spotted bollworm) 
and Helicoverpa zea (corn earworm) have been predicted 
previously with the use of pheromone traps (Drapek et 
al., 1997). The existence of pink bollworm female sex 
pheromone was first identified in 1957 and ultimately 
recognized as a blend of two different components 
i.e. Z,E- and Z,Z- 7,11 hexadecadienyl acetate, 
generally known as gossyplure (Hummel et al., 1973). 
Boguslawski and Basedow (2000) used pesticides and 
sex pheromones in separate plots against pink bollworm 
and found pheromones attracted moths to traps and were 
more effective than pesticides. Environmental factors, 
particularly temperature, have a significant influence 
on insects (Baloch et al., 1990). Temperature exerts a 
significant impact on the fecundity and ovipositional 
behavior of insects (Cammel and Knight, 1992). Rainfall 
(> 20 mm/week) often has a negative effect on insect 
abundance due to the dislocation or mortality of eggs 
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and neonates of some insect species (Kadam and Khaire, 
1995). Developmental period of different insect stages 
can be prolonged during winter and can cause changes 
in coloration with variation in humidity and temperature 
(Schmutterer, 1990). There are environmental limits that 
support the growth of insect species, hence environmental 
factors could be used to predict their peak abundance. 
Therefore, the present study was conducted to monitor the 
seasonal abundance of pink bollworm and its relationship 
with temperature, relative humidity, sunshine and rainfall.

Materials and methods
The experiment was designed to monitor the 

seasonal abundance of pink bollworm and determine 
the impact of weather factors on its adult population for 
three consecutive years (2016 to 2018). Four red Delta 
trap® were baited with Gossyplure® and installed in a 
one hectare area at the research farm of Nuclear Institute 
of Agriculture, Tandojam. Cotton was cultivated in 
the plot for the last 35 years with the land uncultivated 
during the Rabi season (November-March). Traps were 
suspended on a stick 50 m apart and 1.25 m above ground 
level. Traps and lures were replaced every 15 days. The 
data for adult moth catches were recorded at fortnightly 
intervals. To evaluate the influence of weather factors on 
pink bollworm, meteorological data, i.e. minimum and 
maximum temperature, rainfall (mm), sunshine (h) and 
relative humidity were obtained on monthly basis from 
Regional Agromet Centre, Tandojam. Monthly changes 
in meteorological data during the course of study are 
presented in Supplementary Figure 1.

Correlation of adult moth catches with individual 
abiotic factors was computed with StatSoft Statistica 
(2011). The relationship between weather factors minimum 
and maximum temperature (°C), rainfall (mm), sunshine 
(h) and relative humidity with pink bollworm catches were 
evaluated using multiple regression analysis.

Results and discussion
The mean adult moth catches of pink bollworm in 

different months during the year 2016-18 are presented 
in Figure 1. The results show pink bollworm to be active 
in all months with the lowest moth catches recorded in 
the month of June (4.2 moths/trap). A drastic reduction 
in moth population was recorded during the hot summer 
months such as May to July and after that population 
started increasing till it reached its peak in September. The 
population remained high for four months i.e. August - 
November with average catches of 68.3, 103.8, 76.1 and 
79.3 moths/trap, respectively. The pink bollworm moth 
catches declined thereafter, with 24.9 moths/trap recorded 
in December.

During 2017, the lowest moth population (1.5 moths/

trap) was recorded in February. Thereafter, the population 
gradually started increasing, peaking in April (18.5 moths/
trap). Moth catches were lower in June with an average 
of 3.8 moths/trap. From July onwards, population started 
increasing and reached the highest peak of the year in 
September with 95.7 moths/trap. The population declined, 
until the end of December with 12.1 moths/trap. Highest 
captures of 80.2 and 74.1 moths/trap were recorded in 
August and October, respectively.

Fig. 1. Adult moth catches of pink bollworm in different 
months during 2016-18.

During the third year of the study, the moth 
population was recorded in two peaks. A first smaller peak 
was recorded in April with 39.8 moths/trap. Thereafter, 
captures declined until June with lowest moth catches 
of 2.2 moths/trap. Lower captures of 2.8, 4.2, 3.2 and 
12.1 moths/trap were recorded in the months of January, 
February, May and July, respectively. Moth emergence 
increased substantially from August onwards and reached 
at its highest peak in the month of October with population 
of 156.6 moths/trap. Higher moth catches of 103.3 and 
146.3 moths/trap were recorded in the month of September 
and November, respectively. The population dropped 
strikingly after November with captures of 19 moths/trap 
in December. The trend of pink bollworm population was 
almost similar during period of study. However, population 
recorded during 2018 was on higher side during the months 
of population peaks.

During the first year (2016) of investigation, 
correlation studies revealed that pink bollworm adult 
moth catches had positive correlation with minimum 
temperature (r = 0.1221), maximum temperature (r = 
0.1049), rainfall (r = 0.2766) and relative humidity (r = 
0.4764) while weak negative correlation was observed 
with sunshine (r = -0.0700). Similarly in the year 2017, 
pink bollworm population showed positive correlation 
with minimum temperature (r = 0.435), maximum 
temperature (r = 0.0909,) rainfall (r = 0.4543), relative 
humidity (r = 0.4982), and negative correlation with 
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sunshine (r = -0.0636). During the third year of study, pink 
bollworm population showed negative correlation with 
rainfall (r = -0.3018) in contrast to first two years while the 
other factors i.e. relative humidity (r = 0.1852), minimum 
temperature (r = 0.0466) and maximum temperature (r 
= 0.0915) were positively correlated (Table I). None of 
the weather factors measured had significant (p < 0.05) 
association with P. gossypiella population.

Table I.- Correlation (r) and regression values of 
different weather factors in relation to pink bollworm 
moth catches.

Year / Parameters r p Regression equation
2016
Min. temp. (°C) 0.1221 0.7054ns y=22.359+0.6764x
Max. temp. (°C) 0.1049 0.7455ns y=8.952+0.756 x
Relative humidity(%) 0.4764 0.1174ns y= -78.510+2.0667x
Sunshine (h) -0.0700 0.8290ns y=54.5098–2.1501x
Rainfall (mm) 0.2766 0.3842ns y=32.115+6.6408x
2017
Min. temp. (°C) 0.435 0.1581ns y= -6.3774+2.0429x
Max. temp. (°C) 0.0909 0.7789 ns y=14.683+0.4681x
Relative humidity(%) 0.4982 0.0992ns y= -81.602+2.0195x 
Sunshine (h) -0.0636 0.8443ns y=43.857–1.5938x 
Rainfall (mm) 0.4543 0.1379ns y=24.855+19.476x
2018
Min. temp. (°C) 0.0466 0.8855ns y=38.694+0.4298x
Max. temp. (°C) 0.0915 0.7774ns y=12.360+0.9818x
Relative humidity(%) 0.1852 0.5645ns y= -23.805+1.312x
Sunshine (h) -0.0192 0.9529ns y=54.2974–0.9493x
Rainfall (mm) -0.3018 0.3405ns y=55.4826–219.47x

r, correlation values; ns, non-significant (p > 0.05).

The results regarding multivariate regression analysis 
between weather factors and pink bollworm population 
are presented in Table II. It is evident from the table that 
during the year 2016 relative humidity has 73.9% impact 
on the pink bollworm population fluctuation. The other 
factors like minimum temperature, maximum temperature, 
rainfall and sunshine showed nugatory influence on the 
per unit change in pink bollworm population having 
1.5, 0, 0.2 and 0.8% impact, respectively. All these traits 
cumulatively have 76.4% role on the pink bollworm 
population fluctuation. During the year 2017, sunshine 
has 37.7% impact on the population of pink bollworm 
followed by rainfall, minimum and maximum temperature 
with 21.4%, 18.9% and 9.4% impact, respectively. 
However, cumulatively all these factors contributed 91.4% 
in the fluctuation of adult population. Similarly, relative 
humidity was the most influential factor with 54% impact 
on the pink bollworm during the next year (2018) of study 
and cumulative contribution of all weather factors towards 
population change was 69.4%.

Our data on seasonal abundance indicated two peaks 
of moth population during each year, first a small peak in 
April and second, bigger peak in September/October. The 
abundance of pink bollworm remained high from August-
November, the peak season of cotton crop (when the crop 
is fully matured) and a large number of fruiting bodies are 
present in the field. Our results are consistent with other 
studies of pink bollworm population dynamics (Ramesh 
and Meghwal, 2014; Khuhro et al., 2015; Ali et al., 2016; 
Asif et al., 2017).

Table II.- Multivariate regression model between weather factors and population of pink bollworm.

Year Regression equation R2 Impact %
2016 Y = 22.4 + 0.68 X1 1.5 1.5

Y= 28 + 0.87 X1 – 0.28 X2 1.5 0
Y = -845 – 20.1 X1* + 24.2 X2* + 7.69 X3* 75.4 73.9
Y= -840 – 20.2 X1* + 24.3 X2* + 7.56 X3* + 1.59 X4 75.6 0.2
Y = -855 -19.8 X1* + 23.1 X2* + 7.58 X3* + 3.75 X4 + 5.0 X5 76.4 0.8

2017 Y = -6.4 + 2.04 X1 18.9 18.9
Y= 42.2 + 3.48 X1* – 2.23 X2 28.3 9.4
Y = -63 + 1.73 X1 - 0.43 X2 + 1.38 X3 32.3 4
Y= -608 – 14 X1 + 16.1 X2 + 5.96 X3* + 76.8 X4 53.7 21.4
Y = -1263 -23.2 X1* + 23.7 X2* + 11.6 X3* + 121 X4* + 28.2 X5* 91.4 37.7

2018 Y = 38.7 + 0.43 X1 0.2 0.2
Y= -10 -1.3 X1 + 2.30 X2 1.3 1.1
Y = -1546.2 - 35.3 X1* + 42.4 X2* + 14.2 X3* 55.3 54
Y= -1308 – 24.3 X1 + 32.4 X2* + 12.8 X3* - 391 X4 65 9.7
Y = -1329 – 31.4 X1* + 40.1 X2* + 13.3 X3* - 377 X4 - 18 X5 69.4 4.4

*, Significant (p < 0.05). X1, minimum temperature (°C); X2, maximum temperature (°C); X3, relative humidity (%); X4, rainfall (mm); X5, sunshine (h).
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The results revealed that pheromone trap catches of 
pink bollworm was positively correlated with temperature 
and relative humidity while negatively correlated with 
sunshine. Rainfall showed positive correlation with pink 
bollworm population during 2016 and 2017 but negative 
association was observed in 2018. These results are in 
agreement with the work of Ali et al. (2016) who also 
reported positive correlation of maximum temperature and 
rainfall with pink bollworm moth catches. Contrary to our 
findings, Shinde et al. (2018) reported negative relationship 
of maximum and minimum temperature and relative 
humidity with pheromone trap catches. Similarly, Sharma 
et al. (2015) showed that pink bollworm population was 
negatively correlated with relative humidity and minimum 
temperature. These anomalies in results may be due to the 
difference in climatic condition of localities under which 
the experiments has been conducted. In the present study, 
non-significant and negative correlation was observed 
between rainfall and moth catches during the year 2018. 

The multiple regression analysis indicated that 
weather factors cumulatively have 76.4, 91.4 and 69.4 
percent impact on the abundance of pink bollworm in years 
2016, 2017 and 2018, respectively. These findings are in 
agreement with those of Ali et al. (2016) who reported 
72.75% impact of all the weather factors cumulatively on 
the pheromone trap catches. Ramesh and Meghwal (2014) 
also reported that use of regression model indicated 84% 
prediction rate of weather factors on the pink bollworm 
population. 

Conclusion
From the present investigation, it can be concluded 

that population of pink bollworm builds up during April 
and September-November. Such information would 
be useful because it would allow to implement control 
strategies during the time of year the moths are most 
abundant to maximize control efficacy and minimize yield 
losses due to this pest. 
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Supplementary Fig. 1. Meteorological data in different months during 2016-2018: A, minimum temperature (°C); B, maximum 
temperature (°C); C, relative humidity (%); D, rainfall (mm); E, sunshine (h).
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