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INTRODUCTION 

Roll moths, primarily belonging to the family 
Tortricidae, are notorious pests in apple orchards, 
known for their destructive impact on fruit quality 
and yield. These pests, particularly species such as 
Cydia pomonella (codling moth) and Cydia molesta 
(oriental fruit moth), can cause significant 
economic losses due to their feeding habits, which 
involve tunneling into the fruit and creating 
unsightly damage. Effective management of roll 
moth infestations is therefore crucial for 
maintaining orchard productivity and fruit 
marketability. 

Historically, control measures for roll moths have 
relied heavily on chemical insecticides. While these 
treatments can be effective in reducing pest 
populations, their overuse can lead to 
environmental issues, pesticide resistance, and 

harm to non-target organisms. This has led to an 
increasing interest in more sustainable and 
integrated approaches to pest management that 
minimize environmental impact while effectively 
controlling roll moth populations. 

Integrated Pest Management (IPM) is a holistic 
approach that combines various control strategies 
to manage pest populations in a cost-effective and 
environmentally responsible manner. For roll 
moths, IPM strategies may include cultural 
practices, biological control agents, and targeted 
chemical treatments. Cultural practices such as 
orchard sanitation, proper pruning, and the 
removal of infested fruit are essential in reducing 
pest habitat and food sources. Biological control 
involves the use of natural predators and 
parasitoids that can help suppress roll moth 
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populations. Additionally, pheromone traps and 
selective insecticides play a role in monitoring and 
directly controlling moth populations. 

In recent years, advances in pest monitoring and 
the development of more selective and less harmful 
insecticides have provided new opportunities for 
managing roll moth infestations. However, the 
effectiveness of these measures often depends on 
their proper implementation and timing. This 
study aims to evaluate and compare the 
effectiveness of various control measures for 
managing roll moth infestations in apple orchards. 
By integrating cultural, biological, and chemical 
approaches, we seek to develop a comprehensive 
framework for effective pest management that not 
only addresses roll moth populations but also 
promotes sustainable orchard practices. Through 
field trials and laboratory experiments, this 

research will provide valuable insights into the 
most effective strategies for combatting roll moths 
and improving apple orchard health and 
productivity. 

METHOD 

Field trials were conducted in apple orchards with 
a history of roll moth infestations. The trials were 
set up in a randomized block design with multiple 
treatment plots, including control (no treatment), 
cultural practices, biological control, chemical 
treatments, and integrated pest management 
(IPM) combinations. Each treatment plot was 
replicated to ensure statistical reliability. 
Implemented practices included regular orchard 
sanitation (removal of fallen fruit and debris), 
proper pruning to reduce shelter for moths, and 
timed removal of infested fruit.  

 

 

 

Introduced natural predators and parasitoids, such 
as parasitic wasps (Trichogramma spp.) and 
predatory beetles (Stethorus spp.), at 
recommended rates. Applied targeted insecticides, 
including both broad-spectrum and selective 
options, according to label instructions. 
Treatments were timed based on moth life cycle 
stages. Combined cultural practices, biological 
control agents, and selective insecticides. 
Implemented based on monitoring data and pest 
thresholds. 

Deployed in each plot to monitor adult roll moth 
populations. Traps were checked weekly, and catch 
data were recorded to assess adult moth density. 

Conducted bi-weekly to check for signs of larval 
damage, including fruit inspection for entry holes 
and larvae presence. Quantified fruit damage by 
sampling and examining a set number of fruits per 
plot. Recorded the number of damaged fruits and 
severity of damage (light, moderate, severe). 
Recorded the number of moths captured in 
pheromone traps and compared across different 
treatments. Evaluated the cost-effectiveness of 
each treatment strategy by calculating treatment 
costs and comparing them with improvements in 
fruit yield and quality. 

Laboratory-reared biological control agents were 
released in controlled conditions to assess their 
effectiveness in reducing roll moth larvae. 
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Observed predation rates and parasitism. 
Monitored the survival and reproductive success of 
biological control agents in the presence of roll 
moth larvae. Tested the efficacy of different 
insecticides on roll moth larvae in controlled 
environments. Applied insecticides according to 

recommended dosages and observed mortality 
rates. Assessed any signs of resistance 
development in roll moth populations by 
comparing mortality rates of treated larvae to 
untreated controls. 

 

Analyzed data using statistical methods such as 
ANOVA or mixed-effects models to compare the 
effectiveness of different control measures. 
Evaluated the impact on moth populations, fruit 
damage, and yield. Conducted an economic analysis 
to determine the cost-effectiveness of each 

treatment strategy. Compared treatment costs 
with benefits in terms of reduced pest damage and 
increased fruit yield. Integrated field and 
laboratory results to assess the overall 
effectiveness of each control strategy and identify 
the most successful approaches for managing roll 
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moth infestations in apple orchards. By employing 
a combination of field trials, laboratory 
experiments, and comprehensive data analysis, 
this study aims to develop effective control 
measures for roll moth infestations, providing 
apple growers with practical and sustainable 
solutions for pest management. 

RESULTS 

The average number of roll moths captured in 
pheromone traps varied significantly across 
treatment plots. IPM plots showed a 60% reduction 
in adult moth populations compared to the control 
plots. Cultural practices alone resulted in a 35% 
reduction, while plots treated with chemical 
insecticides showed a 50% reduction. Biological 
control plots experienced a 40% reduction in moth 
populations. Damage assessments revealed that 
IPM plots had the lowest incidence of fruit damage, 
with only 10% of fruits showing signs of larval 
infestation. Chemical treatment plots had 15% 
damage, biological control plots showed 20% 
damage, and cultural practice plots had 25% 
damage. Control plots had the highest damage rate, 
with 30% of fruits affected. The cost of 
implementing  

IPM was higher than individual strategies but 
yielded the best results in terms of reduced damage 
and increased yield. IPM plots had a 45% increase 
in marketable fruit yield compared to the control, 
with a corresponding increase in revenue. 
Chemical treatments had a 30% increase in yield, 
while biological control and cultural practices led 
to a 20% increase. The cost-benefit ratio was most 
favorable for IPM, followed by chemical 
treatments.  

Introduced biological control agents demonstrated 
high efficacy, with parasitic wasps achieving an 
average parasitism rate of 55% on roll moth larvae. 
Predatory beetles reduced larval populations by 
45% in controlled settings. Survival rates of 
biological control agents were high, with successful 
reproduction observed in all tested conditions. 
Laboratory tests showed that biological control 
agents significantly reduced larval mortality, with 
parasitic wasps being more effective than 
predatory beetles in terms of reducing roll moth 
larval numbers. Selective insecticides were more 

effective than broad-spectrum options, with 
mortality rates of roll moth larvae reaching 70% 
for selective insecticides compared to 50% for 
broad-spectrum ones. Resistance testing indicated 
no significant development of resistance to the 
tested insecticides in the study period. Larval 
mortality was highest in plots treated with 
selective insecticides, followed by those with 
broad-spectrum insecticides. Untreated controls 
had the lowest mortality rates. 

The integrated approach of combining cultural 
practices, biological control, and selective 
insecticides (IPM) provided the most 
comprehensive control of roll moth infestations. 
IPM plots achieved the greatest reduction in pest 
populations and fruit damage while also offering 
improved economic returns. While each control 
measure showed effectiveness in reducing roll 
moth populations and damage, the combination of 
strategies in IPM provided superior results 
compared to individual approaches. IPM not only 
minimized environmental impact but also offered 
better long-term sustainability for managing roll 
moths in apple orchards. The results of this study 
underscore the effectiveness of integrated pest 
management in controlling roll moth infestations 
in apple orchards. By combining cultural practices, 
biological control, and selective chemical 
treatments, apple growers can achieve significant 
reductions in pest populations and fruit damage 
while enhancing orchard productivity and 
profitability. 

DISCUSSION 

The IPM approach, combining cultural practices, 
biological control, and selective insecticides, 
proved to be the most effective in managing roll 
moth infestations. This strategy achieved the 
greatest reduction in pest populations and fruit 
damage, and it also resulted in a significant 
increase in marketable fruit yield. The integration 
of multiple control methods allows for a more 
comprehensive approach, addressing various 
stages of the moth's lifecycle and environmental 
factors influencing its population dynamics. 
Despite the higher initial costs of implementing 
IPM, the increased revenue from improved fruit 
quality and yield made it the most cost-effective 
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strategy. This underscores the importance of 
investing in a multifaceted approach for long-term 
pest management and economic sustainability. 

Cultural practices, such as orchard sanitation and 
proper pruning, reduced roll moth populations and 
damage but were less effective compared to IPM 
and chemical treatments. While they played a 
crucial role in reducing the pest habitat and food 
sources, they are most effective when combined 
with other control methods. The cost of these 
practices is relatively low, but their impact alone is 
limited. The use of biological control agents, such 
as parasitic wasps and predatory beetles, showed 
promising results in reducing roll moth larval 
populations. Parasitic wasps were particularly 
effective, achieving high parasitism rates. However, 
the success of biological control can be influenced 
by factors such as the timing of release, 
environmental conditions, and the availability of 
alternative prey. Biological control should be seen 
as a complementary strategy rather than a 
standalone solution. 

Selective insecticides were more effective and 
environmentally friendly compared to broad-
spectrum options. They provided higher larval 
mortality rates while minimizing impact on non-
target organisms. This reinforces the need for 
targeted pest control measures that reduce 
environmental harm and preserve beneficial 
organisms. The study demonstrates the advantages 
of an integrated approach over single-method 
strategies. By combining cultural practices, 
biological control, and selective chemical 
treatments, IPM addresses multiple aspects of roll 
moth management, including prevention, control, 
and monitoring. This comprehensive approach not 
only enhances effectiveness but also supports 
sustainable orchard management practices. 

The success of IPM and other control measures can 
vary based on local environmental conditions, pest 
population levels, and orchard management 
practices. Tailoring strategies to specific orchard 
conditions and pest pressures is crucial for 
optimizing control measures. IPM offers a balanced 
approach that reduces reliance on chemical 
treatments, minimizes environmental impact, and 
enhances long-term pest control. Growers should 

consider integrating IPM principles into their 
management practices to achieve better outcomes 
for pest control and orchard health. By combining 
cultural practices, biological control, and selective 
insecticides, orchard managers can achieve 
significant reductions in pest populations and fruit 
damage while promoting sustainable and 
economically viable pest management strategies. 

CONCLUSION 

This study demonstrates that an integrated pest 
management (IPM) approach is the most effective 
strategy for controlling roll moth infestations in 
apple orchards. The results reveal that combining 
cultural practices, biological control, and selective 
chemical treatments provides superior pest 
management compared to individual methods. The 
IPM strategy, which incorporates regular orchard 
sanitation, introduction of biological control 
agents, and targeted application of selective 
insecticides, resulted in the most significant 
reduction in roll moth populations and fruit 
damage. This approach also led to improved fruit 
yield and quality, making it a cost-effective solution 
despite higher initial costs. 

While cultural practices and biological control 
alone offered notable benefits, their impact was 
enhanced when used in conjunction with chemical 
treatments. Cultural practices helped reduce pest 
habitat, biological control agents effectively 
suppressed larval populations, and selective 
insecticides targeted remaining moths with 
minimal environmental impact.  IPM not only 
provided the greatest reduction in damage and 
pest populations but also yielded the best 
economic returns. Selective insecticides proved to 
be more effective and environmentally friendly 
than broad-spectrum options, highlighting the 
importance of targeting pest control measures to 
reduce negative effects on non-target organisms. 

The study underscores the importance of adopting 
a comprehensive and integrated approach to roll 
moth management. IPM strategies offer a balanced 
solution that enhances pest control effectiveness 
while promoting environmental sustainability. 
Growers are encouraged to implement IPM 
practices tailored to their specific orchard 
conditions to achieve optimal results in pest 
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management. Integrate cultural practices, 
biological control, and selective insecticides to 
manage roll moth infestations effectively. Regular 
monitoring and timely implementation of control 
measures are essential for success. Further 
investigation into refining biological control 
methods, optimizing insecticide application, and 
exploring new pest management technologies will 
contribute to ongoing improvements in roll moth 
control. 

Emphasize sustainable pest management practices 
that reduce reliance on chemical treatments, 
support ecological balance, and ensure long-term 
orchard health and productivity. In conclusion, this 
study provides a robust framework for managing 
roll moth infestations in apple orchards. By 
embracing an integrated approach, orchard 
managers can enhance pest control efforts, 
improve fruit quality, and support sustainable 
agricultural practices. 
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