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Abstract  

Cotton cultivation accounts for nearly 16% of global pesticide use, leading to se rious environmental, health, and food 

security concerns, particularly in developing countries such as Pakistan. Among the major threats to cotton 

productiv ity  are sucking pests, which  require sustainable and ecologically sound management approaches. Biolog ical  

control, through the use of beneficial organisms and biopesticides, derived from l iving organisms with pesticidal  

properties, represents a promising  alternative to conventional chemical pesticides. However, the practical appl ication of  

these approaches remains limited in local agro-ecosystems. Therefore, the present study was conducted at a farmer’s 

field in Bahawalpur district, Pakistan, to evaluate four management strateg ies against cotton sucking pests: biological  

control  (release of *Chrysoperla ca rnea* @ 600 eggs per treatment), biopesticide appl ication (NIAB ECO SPRAY @ 2.5  

L/acre), a  combined approach (biological control + biopesticide), and chemical control (Tolfenpyrad + Emamectin 

Benzoate 12 SC @ 200 ml/acre). The experiment was arranged in a randomized complete block design (RCBD) with  

three repl ications and a plot size of 1360 ft² per treatment. Appl ications were made fortnightly from late June to late 

September 2024, and pest populations (thrips, whiteflies, and jassids) were recorded at three and seven days post-

appl ication. Results showed that the combined appl ication of  biological control and biopesticide was most effective 

against whiteflies and thrips, while chemical control provided better suppression of  jassids. It can be concluded tha t for 

effective management of whiteflies and thrips, biological and biopesticide approaches can serve as sustainable 

alternatives, whereas integrated use of insecticides with biological methods may be necessary when targeting jassids.  
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INTRODUCTION  

Cotton (Gossypium hirsutum L.) is a  main fiber crop cultivated globally including Pakistan and 

known for its importance as a cash crop of Pakistan (1). Pakistan ranks fourth among the cotton producing 

countries of the world (2, 3). Cotton is a popular cash crop whose value is always increasing as a source of 

raw materials for the textile industry. Cotton contributes 5.2% to agricultural productivity and 0.8% of Gross 

domestic product (GoP 2024), cultivated across Punjab and Sindh provinces of Pakistan, Punjab being 

contributing 80% (4).  

Cotton, being one of the most widely cultivated crops globally, is highly susceptible to insect pests. 

More than 230 different insect species have been recorded attacking cotton crops worldwide (5). Thrips 

(Thrips tabaci), jassid (Amrasca devastans) and whitefly (Bemicia tabaci) are sucking pests and their importance 

cannot be neglected. These insects suck the sap of leaves and ultimately damage the food producing unit (6). 

Consequently, it has been reported that 16% of all pesticides used globally are applied to cotton alone. (7).  

However, the extensive use of hazardous pesticides and chemicals has serious environmental consequences. 

It disrupts the ecosystem by disturbing the biological equilibrium, especially as pesticide-resistant insect 

species emerge and pest behavior patterns change. This not only increases production costs but also 

contributes to air and water pollution, ultimately reducing biodiversity (8). 

Integrated pest management is an ecologically-based method which utilizes the most effective usage 

of each available technology to address pest issues in a sustainable manner. According to earlier research, 
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adopting integrated pest management reduces the use of pesticides, saves cost on output and ensures 

productivity in agriculture for farmers (9-11). Integrated pest management aims to manage the pest below 

economic threshold level rather than entirely eradicate them unlike insecticides (12).  The integration of 

many approaches and the utilization of their integrated benefits is a key component of Integrated pest 

management instead of individual effects (13). The adoption of ecological method for  pest management that 

corresponds to local agroecosystems by using actions and some interaction of fully understood technologies. 

It can also be called as truly integrated pest management (14). 

To mitigate pest damage, farmers can adopt several sustainable practices such as using insect 

predators, rotating crops, intercropping and applying biological pesticides like neem oil  (15). These methods 

reduce dependence on harmful chemicals and help maintain ecological balance. Seven essential steps 

towards effective pest management: (i) proper diagnosis, (ii) planning a combat strategy, (iii) timing of 

application, (iv) selecting the appropriate pesticide, (v) choosing the right equipment, (vi) correct application 

and (vii) continuous supervision. Following this sequence increases the likelihood of successful pest control 

and plant protection (16). 

Alkaloids, phenols  and terpenoids are secondary metabolites found in several plants with 

insecticide properties, including repellency, toxicity and feeding inhibitor to prevent pests (17). Crop 

protection towards insects has long been achieved through the use of botanical such as essential oils and 

extract of various plants (18, 19). Because of their quick breakdown, selectivity and a lower chance of 

insecticide resistance, biopesticides are regarded as comparatively non-threatening to non-target species (20-

24). When compared to chemical insecticides, plant extracts are less expensive for managing pests and are 

extracted from different plants and are easily accessible costing just labor (25, 26). 

Chrysoperla carnea is one of the most significant and widely used predators in the bio-control of pests 

(27). Their many qualities make them the perfect match for augmentative releases and effective biological 

control agents. Their tendency to feed on a variety of soft bodied insects, including lepidopterans, whiteflies, 

thrips and aphids that are frequently target pests in bio-control programs (28). While adults mostly consume 

nectar, pollen and honeydew (29), the larvae are highly mobile and voracious predators (30, 31). 

Furthermore, Chrysoperla carnea are easy to reared under laboratory conditions and are used as bio-control 

agents for agricultural crops worldwide (32). 

Pesticide use is not always effective since it may also affect natural enemy, which could result in an 

appearance of the pest population. Furthermore, the use of pesticides may have long-term effects, such as 

infecting groundwater and creating environmental problems that may have a negative impact on human 

health (33). Pesticides caused increased risk of cancer, disruption of endocrine function and reproductive 

problems. Humans experience a range of negative effects including dysfunction of liver and kidney, birth 

problems and changes in developmental patterns (34). 

Since, the environment, human health and natural enemies are all negatively impacted when 

chemicals are used to manage pest population; there is alw ays a concern for developing 

environment friendly pesticides and combining them as part of integrated pest management  approaches to 

control major pests. Therefore, this study was intended to assess the effectiveness of biopesticides, biological 

control, chemical control and their integration towards management of sucking insects of cotton under field 

conditions. 

METHODOLOGY 

STUDY AREA  

The study was carried out at a farmer field in the village of Abbas Nagar in the Bahawalpur district 

(29.467786, 71.913722). The region experiences hot summers and cool winters due to its semi-arid 

environment. The region's average monthly temperature ranges from 18°C to 34°C with minimums of 18°C 

and 22°C and maximums of 35°C and 44°C. In  terms of agroecology, it is a mix zone where four main crops 

i.e. rice, wheat, cotton and maize are cultivated all year round. 

EXPERIMENTAL MATERIAL AND LAYOUT  
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The cotton var. FH-333 was used in the experiment. The experiment was laid out under 

Randomized Complete Block Design (RCBD) with three replicates. Five treatments were applied in each 

replication and each treatment was of 1360sq ft. The five treatments included: biological control, 

biopesticide, integration of biological control + biopesticide (NIAB ECO SPRAY), chemical control 

(Tolfenpyrad + Emamectin Benzoate) and control (un-treated). The NIAB ECO SPRAY was used @2.5L/100 

of water and Tolfenpyrad + Emamectin Benzoate 12 SC @ 200ml/acre. The chemicals w ere sprayed with the 

help of knapsack sprayer. Seven applications of chemicals and biological control agent were made 

throughout the study. Chrysoperla carnea was used as biological control agent. 

REARING AND RELEASE OF C. CARNEA  

Rearing of C. carnea was done in bio-control laboratory of WWF-Pakistan Bahawalpur on artificial 

diet. Augmentation of C. carnea was done at egg stage. Grey eggs of C. carnea stalked on black paper were 

stapled with the plant leaves fortnightly in the form of paper strips at the r ate of 15-20 eggs/card (600 eggs 

per treatment/fortnight).  

DATA COLLECTION AND STATISTICAL ANALYSIS  

The chemical (Tolfenpyrad + Emamectin Benzoate) and the biological control agent (C. carnea ) were 

applied at fortnightly from the last week of June to the last week of September 2024. Data regarding 

populations of thrips, whiteflies and jassids (per plant) were recorded three and seven days after the 

applications. For this purpose, fifteen plants were randomly selected from each treatment for the population  

of pests. Regardless of their stage of life, their populations were counted from the top, middle and bottom of 

each plant. Mean population of pests in biological and chemicals control plots was compared with that of 

control plot to know their effectiveness. Percent population change (increase or decrease) among treatments 

in relation to control was calculated by using modified Abbot’s formula as below:  

% Population Change =    
                         

             
                         

            

 
                         

          
                         

           

      ………………… (35) 

One-way analysis of variance (ANOVA) w as used to statistically analyze data on populations of jassids, 

whiteflies and thrips. 

RESULTS  

There was a significant difference in thrips population among all the five treatments after three (d.f 

= 4, P =  < 0.00, F = 3396.1) and seven days (d.f  = 4, P = <  0.00, F =  3781.8) of applications. At both observation 

days, the minimum thrips population was recorded in C. carnea + NIAB ECO SPRAY followed by C.  carnea. 

The synthetic insecticide mixture and NIAB- Eco were statistically similar in thrips population (Fig. 1 ). 

There was a significant difference in  whitefly population among all the five treatments after three 

(d.f = 4, P = < 0.00, F = 490.7) and seven days (d.f = 4, P = < 0.00, F = 769.4) of applications. At the both 

observation days, the minimum whitefly population was recorded in C. carnea + NIAB ECO SPRAY 

followed by C. carnea. The synthetic insecticide mixture and NIAB ECO SPRAY were statistically similar in 

whitefly population at day three but their population was higher in synthetic insecticide mixture than NIAB 

ECO SPRAY at day seven (Fig. 1).  

There was a significant difference in jassid population among all the five treatments after three (d.f =  

4, P = < 0.00, F = 770.7) and seven days (d.f = 4, P = < 0.00, F = 942.4) of applications. At day three, the 

minimum jassid population was recorded in synthetic insecticide mixture followed by C. carnea +  NIAB 

ECO SPRAY and C. carnea . At day seven, except control, the population of jassid was statistically similar in 

all the treatments. The control treatment exhibited the highest populations of thrips, whitefly and jassid at 

both the observation days (Fig. 1).  

DISCUSSION 
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The excessive use of hazardous pesticides to control thrips, jassid and whitefly in cotton crop has 

led to serious economic and environmental concerns during last few decades (8). Integrated pest 

management integrates all the available control methods in a sustainable manner to keep the pest 

populations below economic threshold levels (11). This ecological based pest management not only reduces 

pesticide application but also conserves natural enemies (36).  

 

Figure 1. Box and whisker plots showing comparison of different management strategies against  populations 

of thrips, whitefly and jassid (T1 = C. carnea, T2 = C. carnesa + NIAB ECO SPRAY, T3 = Tolfenpyrad + Emamectin 

Benzoate, T4 = NIAB ECO SPRAY, and T5 = Control).  In parenthesis, given is the percent change in the populations. 

Boxes sharing similar letter are statistically similar in terms of their means 

In the present study, the minimum populations of whitefly and thrips were recorded in C. carnea +  

NIAB ECO SPRAY followed by C. carnea alone. For jassid, Tolfenpyrad + Emamectin Benzoate proved most 

effective followed by C. carnea + NIAB ECO SPRAY. This finding is in  accordance with (Khan et al., 2013; 

Hanumantharaya et al., 2010) who reported that integration of neem oil  and C. carnea reduced the 

population of sucking insects. Another study also suggested that the inoculative release of C. carnea reduced 

bollworms and increased the seed cotton yield by 73 percent  (38). 

Insects have a propensity to develop resistance against insecticides. Our results suggested that 

Tolfenpyrad + Emamectin didn’t perform well against whitefly and thr ips as compare to jassid. This is may 
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be because of resistance in the said insects against the Tolfenpyrad + Emamectin mixture. Previously many 

folds resistance has been reported in whitefly, jassid and thrips against different commonly used insecticides 

and their mixtures in South Punjab. Abbas et al., (2012) (39) reported some resistance in thrips against 

thiomethoxam, Saleem et al., (2022) (40) recorded highest level of resistance in whitefly against insecticides 

belonging to pyrethroid and organophosphate, Shamraiz et al., (2023) (41) reported moderated resistance in 

thrips against pyriproxyfen, diafenthiuron and buprofezin, Wakil et al., (2023) (42) showed the high level of 

resistance in thrips against synthetic pyrethroids (20–86 fold). However, Das and Islam, (2014) (43) revealed 

that whitefly and jassid moderate level of resistance against mixture of insecticides i.e., Thiamethoxam + 

Emamectin Benzoate.  

 Botanicals pesticides don’t harm the population of predators as compare to synthetic pesticides. 

Arshad et al., (2019) (44) showed that abundance of predators was high in those plots which were treated 

with botanical pesticides and the lowest population was found in those plots which were treated with a 

synthetic pesticide (bifenthrin). Sayed et al., (2020) (45) performed and experiment to evaluate the effect of 

five different botanical extracts on Aphis craccivora and its predator C.  carnea. They reported that botanical 

insecticides rapidly degrade as compare to synthetic insecticides, have less harmful effect on environment 

and don’t developed resistance in insects. They showed that  Ochradenus baccatus extract had a maximum 

effect on A. craccivora and was safest for C.  carnea . 

It was concluded that C.  carnea  and NIAB ECO SPRAY can be used if the primary emphasis of 

control is on thrips and whiteflies. Nevertheless, Tolfenpyrad + Emamectin Benzoate in combination with C.  

carnea and NIAB ECO SPRAY should be chosen if jassid is the main emphasis 

CONCLUSION 

This study concluded that integrating biopesticides with biological control gave alternative to 

chemical insecticides for managing sucking insect pests of cotton crop. The combination of NIAB ECO 

SPRAY and C. carnea proved most effective in reducing whitefly and thrips populations, while synthetic 

pesticides were comparatively more effective against jassid. These findings highlight the potential of IPM 

strategies in minimizing chemical pesticide dependence and conserving bio control agents in the cotton 

ecosystem. 
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