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Abstract

The pink bollworm, Pectinophora gossypiella (Saunders) (Lepidoptera: Gelechiidae) is an important insect pest of the 
cotton crop worldwide. Sex-pheromone and light traps were used to monitor the adult P. gossypiella population in Bt 
cotton field for the years 2017-18 at southern Punjab, Pakistan. The sampling of infested bolls was done to record the 
damage level of P. gossypiella. The sex-pheromone traps captured approximately 2-3 times more adults than light 

traps in all locations during 2017-18. For sex-pheromone traps, temperature showed negative and strong relation (R2 = 
0.63-0.80) with trap catches. Fewer bolls (7.0-9.0%) were infested in plots where sex-pheromone traps were installed 
compared to check plots (32-37%). Therefore, the pheromone trapping proved an effective and eco-friendly tool for 
the monitoring and management of P. gossypiella. Our findings enable forecasting of seasonal P. gossypiella popula-
tion providing additional information for the development of an integrated pest management program for this pest.
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Resumen

La lagarta rosada, o gusano rosado del algodón, Pectinophora gossypiella (Lepidoptera: Gelechiidae) es una impor-
tante plaga de insectos del cultivo del algodón en todo el mundo. Para monitorear la población adulta de P. gossypi-
ella en el campo de algodón Bt, se utilizaron trampas de luz y feromonas sexuales, durante los años 2017-18 en el sur 
de Punjab, Pakistán. El muestreo de cápsulas infestadas se realizó para registrar el nivel de daño de P. gossypiella. 
Las trampas de feromonas sexuales capturaron aproximadamente 2-3 veces más adultos que las trampas de luz 
en todos los lugares durante 2017-18. Para las trampas de feromonas sexuales, la temperatura mostró una fuerte 

relación negativa (R2 = 0,63-0,80) con las capturas de trampas. Se infestaron menos cápsulas (7.0-9.0%) en las 
parcelas donde se instalaron trampas de feromonas sexuales en comparación con las parcelas de control (32-37%). 
Por lo tanto, la captura de feromonas resultó ser una herramienta eficaz y ecológica para el seguimiento y manejo 
de P. gossypiella. Los hallazgos permiten pronosticar la población estacional de P. gossypiella proporcionando infor-
mación adicional para el desarrollo de un programa de manejo integrado para esta plaga.
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1. Introducción

Cotton, Gossypium hirsutum (L.) is one of the principal commercial crops and is cultivated on an 
area of 2.699 million hectares with an average of 11.94 million bales (Pakistan Economic Survey, 
2017-18). The lepidopterous insect pests pose challenges to the cotton growers in achieving 
profitable cotton yield. Among the lepidopterans, the pink bollworm, Pectinophora gossypie-
lla (Saunders) (Lepidoptera: Gelechiidae) significantly affects the cotton crop and is difficult to 
control with insecticides (Lykouressis et al., 2005). 

For the last few decades, extensive research work has been done on the development 
of integrated pest management program (IPM) for P. gossypiella (Naranjo and Ellsworth, 2010; 
Tabashnik et al., 2012). This insect has largely been exposed to transgenic cotton in cotton-
producing countries; China, United States of America and India (Carrière et al., 2005; Huang et 
al., 2011; Wan et al., 2012; Choudhary and Gaur, 2015). Now, it has developed resistance to Bt 
toxin Cry1Ac and also against the combination with Bt toxin Cry2Ab (Dhurua and Gujar, 2011; 
Fabrick et al., 2014; Carrière et al., 2016; Mohan et al., 2016). Various control tactics like cultural 
practices, the release of sterile insects, mating disruption with pheromones and insecticide 
applications are being used for the control of P. gossypiella populations (Naranjo and Ellsworth, 
2010; Tabashnik et al., 2010). However, the light taps have also been used to manage agricultu-
ral insect pests in many countries such as Brazil, China, and India (Jiang et al., 2008; Ma et al., 
2009; Cowan and Gries, 2009).

Ecological research of the heliothine moths is the evidence of common usage of phero-
mone and light traps (Kant & Kanaujia, 2008; Feng et al., 2009). Insect-trapping provides infor-
mation with relevance to early warnings about crop infestation associated to ecological con-
ditions (Del-Socorro and Gregg, 2001; Domotor et al., 2007; Jackson et al., 2008), and monitor 
the fluctuations of insect population at long-term basis (Adamczyk and Hubbard, 2006; Zalucki 
et al., 2009). Trap-catching can be helpful for the effective management of insect pests by the 
prediction of infestation rate and crop damage (Spear-O’Mara and Allen, 2014).

Our main objective was to evaluate the comparative effectiveness of gossyplure sex-
pheromone [Z7 Z11 – 16AC (50), Z7 E11 – 16AC (50) hexadecadienyl acetate with light traps in 
monitoring of P. gossypiella adults in cotton crop at the southern region of Punjab, Pakistan.

2. Metodología

2.1. Experimental site

The study was conducted in three localities; Multan (MLT) (30°07’11.2”N 71°32’37.7”E), Shujaa-
bad (SJD) (29°47’56.6”N 71°19’14.5”E) and Jalal Pur Pirwala (JPP) (29°31’09.4”N 71°14’14.1”E) at 
southern Punjab of Pakistan. The selected localities are about 45 km apart from each other. The 
selected regions are the main cotton producing areas in Pakistan (Figure 1).

The climate of these areas is mostly hot and dry, with a maximum of 40-44 ºC and mini-
mum 4-10 ºC temperature. The wettest month with high rainfall is July and the driest is October 
(Meteorological Department, Multan, Punjab, Pakistan, 2018). During 2017 and 2018, three plots 
were selected from each locality and the área of each plot was about 8.24 acres. Each plot 
was further divided into 3 blocks. One block was selected for pheromone traps only, 1 for light 
traps and 1 for check plot (insecticide-treated). One application of each insecticide; bifenthrin 
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10% EC, Gamma-Cyhalothrin 60% CS and triazophos 40% EC with 10 days interval was applied 
in rotation throughout the season in check plots. However, no insecticide was applied in both 
trapping plots. The cotton variety used in this study was Bt-2013 and sowing in all the selected 
regions took place between 1st to 5th May during 2017. While in 2018, sowing was done from 25 
April to 1st May. In all selected plots from each location, similar practices for irrigation, cultiva-
tion, and fertilization were applied according to the recommendations of Agriculture Extension 
Department, Multan, Pakistan.

Figure 1. A map of Pakistan showing the selected study sites across the cotton production áreas

2.2. Moth trapping

Two sex-pheromone traps were installed at field edges (each at the opposite side) in each selec-
ted block. The delta traps were installed with the gossyplure sex-attractant pheromone [Z7 Z11 
– 16AC (50), Z7 E11 – 16AC (50) hexadecadienyl acetate, (Shin-Etsu Corporation, Tokyo, Japan)]. 
Each trap was placed at least 60 m apart and rebaited every 2 weeks. The traps were placed at 
ca. 1 m height almost top level of the plant canopy. Two light traps (CSIRO-designed cone light 
traps) were fixed on the opposite edge of each selected block.
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2.3. Catches - infestation

For the infestation level of P. gossypiella, 300-500 bolls were sampled from each plot. The sam-
pling was done in August and September within the first 40 rows near field edges during both 
seasons. Not more than one boll per plant was selected and after collection, the bolls were 
transferred into the laboratory and were kept at ambient temperature. Percent of boll infesta-
tion was calculated according to the formula suggested by Hajatmand et al. (2015):

Where 
I = infestation level
N = total number of bolls sampled
i = number of infested bolls

2.4. Data analysis

Data for adult P. gossypiella captures were analyzed using two-way ANOVA by keeping the lo-
cations and month as the main factor after checking the normality. Means were compared with 
tukey HSD all-pairwise comparison test. Abiotic data (temperature, humidity, and rainfall) was 
collected from the Metrological Department Multan, Pakistan to determine the relation with 
trap catches. All the data were analyzed using Minitab 17.0 statistical software.

3. Resultados

More adults were captured in sex-pheromone traps compared to light traps. During 2017, the 
range of adults captured per sex pheromone trap was 3.0-14.0 adults/trap in MLT, 0.7-13.3 
adults/trap in SJD and 1.0-15.0 adults/trap in JPP location. During 2018, about 3.0-13.8 adults 
per sex-pheromone trap in MLT and SJD were captured followed by 3.0-12.3 adults/trap in JPP 
location. In the light trap, about 1.0-5.5 adults/trap was captured in all locations during both 
years (Figure 2).

A significant difference (2017: F = 21.4, P < 0.001; 2018: F= 8.40, P < 0.001) of catches 
were found in light traps from different locations. During 2017, highest numbers of moths (0.282 
adult/night/trap) were captured in light trap from MLT than other locations. In pheromone trap, 
highest 0.508 adults/night/trap was collected from JPP, however no significant (2017: F = 0.65, 
P > 0.05; 2018: F = 0.25, P > 0.05) difference was found among localities. About 0.286 moth/
night was captured in the light trap from MLT that was significantly (P < 0.001) higher compared 
to the other two locations. 
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Figure 2. Average number of Pectinophora gossypiella adults captured  
per sex-pheromone and light trap from different locations during 2017-18

However, no significant difference (P > 0.05) of moth captured per night from different 
locations was found in case of a sex-pheromone trap. Among the locations, there was a signifi-
cant difference (P < 0.001) in per night catches between two traps (Figure 3).

Figure 3. Average number of Pectinophora gossypiella adults captured per night  
per sex-pheromone and light tap from different locations during 2017-18, means sharing  

similar letters for light taps are not significantly different, for sex-pheromone trap, no significant  
(P > 0.05) difference was found in moth capture/night/trap
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During both study years, the infestation of the boll was significantly different (P < 0.001) in 
trap-installed and check plot for each location. During 2017, no significant (P > 0.05) difference 
was found in bolls-infestation for treated and check plots across locations. However, the percent 
of boll-infestation was higher 32-37% in check plots. The infestation rate was lower (7.0-9.0%) 
in the plots where sex-pheromone traps were installed compared to light traps (14.0-17.5%). 
During 2018, no significant (P > 0.05) difference of boll-infestation across locations was found in 
plots where light and sex-pheromone traps were installed. However, a significant difference (F = 
6.33, P < 0.05) of percent boll-infestation was found in check plots. The percent infestation was 
found higher (37.4%) in check plots of MLT followed by 34.3% in SJD and 19.6% in JPP location. 
The rate of boll-infestation was similar in traps-installed plots as in 2017 (Figure 4). 

Figure 4. Percent bolls-infestation (means±SE) due to Pectinophora gossypiella  
in trap-installed plots in comparison to check plot from different locations during 2017-18,  
no significant (P > 0.05) difference was found in bolls-infestation for all plots during 2017  

and except check plot in 2018

Regression analysis showed that abiotic factors had no significant effect in trap catches 
during both years except temperature (R2 = 0.80 for 2017 and 0.63 for 2018) that showed nega-
tive relation in case of the sex-pheromone trap (Table 1).

Table 1. Relation of abiotic factors with number of adult catches (Y)  
using sex-pheromone and light traps during 2017-18

Variables (X)
Light trap Sex-pheromone trap

Slope (a) Intercept (b) R2 Slope (a) Intercept (b) R2

2017

Temperature -0.276 11.52 0.17 -1.74 62.39 0.80

Humidity 0.068 -1.90 0.13 0.47 -2.43 0.14

Rainfall -0.113 0.062 0.17 -0.35 8.53 0.20

2018

Temperature -0.273 0.089 0.37 -0.88 36.2 0.63

Humidity 0.037 0.917 0.07 0.131 -0.60 0.14

Rainfall -0.297 3.717 0.09 -2.05 10.23 0.72

R2 = coefficient of determination, regression equation = Y a + bX
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4. Discusión

The trap catching system would be useful in monitoring P. gossypiella populations and would 
help cotton growers to develop IPM strategies for the effective management of this pest (Even-
den et al., 2016; Evenden, 2018). Pheromone traps were very effective in reducing the P. gossy-
piella with a high number of adult catches during both study years compared to a light trap. It 
shows the effectiveness of pheromone for male disorientation resulting in low mating success 
and reduction in oviposition rate in the field (Lykouressis et al., 2005). The adult capture may 
depend on three factors, temperature, relative humidity, and wind speed. According to Salem 
et al. (1990), maximum moth captured at 18.6 ºC temperature, 65-70% humidity with 6.95 m/s 
wind speed. The rate of moth capturing per night was also high using sex-pheromones than the 
light trap in all three locations. Sex pheromone chemicals are species-specific which remains 
active at very low doses and are very effective in pest management in agricultural, landscape 
and forest areas. In contrast, the light trap is a visual attractant and attracts various insect 
species (Shah et al., 2011). Sex-pheromone has large attraction radius compared to light traps, 
therefore, more insects attract towards pheromone. In contrast to pheromone traps, the light 
traps are highly affected by natural factors like temperature, wind speed, rainfall and cloud co-
ver (Yela and Holyoak, 1997). The non-target insect species especially the beneficial insects are 
also attracted and killed by light traps (Nabli et al., 1999), so it is a major concern as this might 
affect the biological control of insect pests in the field. So, pheromone traps are not harmful to 
the natural enemies and can be used with other control tactics such as synthetic insecticides 
for the effective management of P. gossypiella (Qureshi et al., 1985). It would likely be more 
effective in integrating with a recommended insecticide. So, the insecticidal application can 
be minimized using pheromone trapping with a specific interval. The effectiveness of mating 
disruption techniques with other methods has been reported earlier (Yamanaka, 2007; Suckling 
et al., 2014). According to Mamun et al. (2014), a combination of pheromone traps with spino-
sad provided maximum protection of brinjal fruits from brinjal shoot and fruit borer, Leucinodes 
orbonalis Guen. (Lepidoptera: Pyralidae).

It is important to note that no chemical treatments were applied in the trap-installed-
plots however, the bolls-infestation rate was lower in both traps as compared to check plot whe-
re insecticides were applied with a regular interval to manage the lepidopterous insect pests. 
The average infestation rate did not exceed 9.0% in the plots protected by pheromone trapping 
versus 19.0-35.0% in check plots. However, it is important to note that the data for bolls infes-
tation was taken at the harvest time. Thus, the pheromone trapping has a significant effect in 
controlling the P. gossypiella as indicated by a smaller number of damaged bolls of cotton. Re-
duced mating would lead to the reduction of P. gossypiella larvae in the cotton field. Our results 
showed that temperature had a significantly negative effect on the trap catches through sex-
pheromone traps. Previously researchers have reported that the temperature is the important 
factor in the fluctuations of trap catches of many lepidopterous insects (Butler et al., 1999; 
Reardon et al., 2006). It might be possible that detection distance increases due to an increase 
in pheromone volatility with temperature (Heuskin et al., 2011).

The implementation of using pheromone and synthetic insecticides when needed could 
be the major components in IPM and could be helpful not only to reduce the production cost of 
cotton but also in increasing the yield. The insecticidal control of P. gossypiella is not effective 
unless the timing and number of applications with great precision. The harmful effect of using 
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synthetic chemicals on the non-target insect pests, human health and environment is another 
major concern. Contrarily, mating disruption techniques are effective in controlling the P. gossy-
piella and have no adverse effects on the beneficial insects and environment.

5. Conclusiones y recomendaciones

Overall, our findings highlight the extreme variability in moth catches using sex-pheromone and 
light traps. It would be useful to better understand the density or abundance of P. gossypiella in 
the cotton field. Pheromone trapping is a very convenient method and is useful for the effective 
management of P. gossypiella. Further study should be conducted on trapping effeciency in 
different cotton cultivars with trap-cost ratio.
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