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Abstract 

The dried-fruit beetle, Carpophilus hemipterus (L.), is a significant pest affecting litchi production, 

particularly in Bihar, India. This study explores its life cycle on litchi and assesses its population 

dynamics across different seasons. Field and lab observations show that C. hemipterus completes 

multiple generations within a single season, with larval feeding causing extensive fruit damage, 

impacting quality and market value. Population peaks during warmer months, correlating with ideal 

temperature and humidity for beetle proliferation. These findings suggest an urgent need for integrated 

pest management tailored to Bihar’s conditions, including timely eco-friendly insecticides, and 

biological controls to protect the litchi crop and support local farmers. 
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1. Introduction 

Overview of Carpophilus hemipterus 

Carpophilus hemipterus, commonly known as the dried-fruit beetle, belongs to the family Nitidulidae 

within the order Coleoptera. Members of the Nitidulidae family, often referred to as "sap beetles," are 

characterized by their preference for feeding on fermenting fruits, decaying organic matter, and various 

plant materials, which has made them a global concern for agriculture. Taxonomically, C. hemipterus is 

classified under the genus Carpophilus, a group known for species that pose significant threats to fruit 

crops worldwide. 

Morphology and Key Identification Characteristics 

Carpophilus hemipterus is a small beetle, with adult sizes typically ranging from 3 to 4 millimeters in 

length. The body is somewhat flattened, with a color varying from dark brown to black, which aids in 

camouflaging on dark fruit surfaces. The beetle has short elytra (wing covers) that do not extend fully 

over the abdomen, leaving part of the abdomen exposed. This distinctive feature makes C. hemipterus 
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identifiable from other beetles and also supports its quick mobility, which is essential for escaping 

threats and moving efficiently between feeding sites. Additionally, the beetle’s antennae are clubbed at 

the tips, aiding in locating food sources through scent. 

Physically adapted to infest fruits, C. hemipterus has well-developed mandibles that allow it to chew 

through the soft skin of ripe or decaying fruit, enabling both adult beetles and larvae to access and feed 

on the moist, nutrient-rich inner flesh. Its flattened body shape further aids in burrowing and movement 

within fruit. The larvae, which are creamy white and worm-like, contribute significantly to fruit damage 

by tunneling through the pulp, which reduces fruit quality and leads to spoilage. This behavior is also 

beneficial for the beetle's life cycle, as it creates an ideal habitat for reproduction within the fruit. 

Importance of Litchi in Bihar 

Litchi (Litchi chinensis) is more than just a fruit crop in Bihar; it’s a crucial economic asset and an 

integral part of the state’s agricultural identity. Bihar stands out as one of India’s top litchi producers, 

with the unique Shahi Litchi variety celebrated for its sweetness, rich flavor, and distinctive aroma. The 

climate and fertile soils in regions like Muzaffarpur, Vaishali, and Samastipur provide ideal growing 

conditions, allowing Bihar to produce approximately 70% of India’s litchi supply. This dominance not 

only boosts the state's agricultural economy but also positions Bihar as a key supplier during the peak 

summer demand. 

Contribution to the Local Economy 

The economic impact of litchi farming in Bihar extends to thousands of small and medium-scale farmers 

who rely heavily on this seasonal crop. Each year, the litchi harvest generates substantial revenue, 

offering direct and indirect employment to local communities, including roles in harvesting, processing, 

packing, and transporting the fruit. In addition to domestic markets, where litchis are eagerly anticipated 

across major cities like Delhi, Mumbai, and Kolkata, there is also an expanding export market. Middle 

Eastern and European countries, in particular, are increasingly showing interest in Bihar’s litchi. Export 

initiatives supported by the government are helping farmers tap into these high-demand markets by 

improving cold storage and transport facilities to ensure freshness during transit. This opportunity for 

higher profits through exports makes litchi a profitable crop, sustaining and sometimes even enhancing 

the incomes of local farmers. 

Economic Impact of C. hemipterus 

Infestations by Carpophilus hemipterus, the dried-fruit beetle, pose a significant threat to litchi 

production in Bihar, affecting both the quantity and quality of the harvest. This tiny beetle can have a 

considerable impact, as it infests ripe or even prematurely ripening litchi fruits, resulting in extensive 

damage to the crop. This harm manifests in several ways—reduced yield, compromised fruit quality, and 

increased vulnerability to rot—all of which carry economic consequences for the farmers who rely on 

litchi as a primary or supplementary income. 

Impact on Yield and Quality 

When C. hemipterus infestations are high, they can substantially reduce the overall yield. The beetles 

primarily target the pulp, boring into the fruit to feed and lay eggs, which allows their larvae to consume 

the fruit from the inside. This not only leads to direct fruit loss but also causes the remaining fruit to 
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become more susceptible to rot and secondary infections. Additionally, affected litchis show visible 

signs of infestation—discoloration, soft spots, and foul odors—that render them unappealing and 

unsuitable for sale in both domestic and international markets. With quality heavily compromised, 

marketable fruit decreases, leading to a decline in farmers' earnings. 

Effects on Market Prices and Export Quality 

The damage inflicted by C. hemipterus reduces the litchi’s market value, as buyers—both domestic and 

international—prefer blemish-free, high-quality fruits. Export markets are particularly sensitive to 

quality standards, and beetle-infested litchis often fail to meet stringent international requirements. 

Consequently, infested litchis are either discarded or sold at significantly reduced prices in local markets, 

where demand for lower-quality fruit is limited. This quality issue weakens Bihar’s competitive standing 

in the litchi export market, which could otherwise yield substantial profits. Since Bihar is known for the 

premium Shahi Litchi variety, any decline in export quality due to infestation reflects poorly on the 

region’s agricultural reputation, risking future market opportunities. 

Implications for Small-Scale Farmers 

For small-scale farmers in Bihar, who make up a large part of the litchi-growing community, C. 

hemipterus infestations pose not only an economic risk but also a threat to their way of life. Litchi 

farming is deeply rooted in their communities, and with high infestation levels, some farmers might 

reconsider or reduce their litchi cultivation if the cost of pest control continues to rise. This would mean 

a loss of income and a disruption to the farming traditions that have sustained these families for 

generations. 

2. Life Cycle of Carpophilus hemipterus 

Egg Stage 

Carpophilus hemipterus, the dried-fruit beetle, lays its eggs under specific environmental conditions that 

optimize the chances of successful development for its offspring. Warm temperatures, high humidity, 

and access to ripe or damaged litchi fruits create the ideal environment for egg-laying. These conditions 

are not only favorable for egg incubation but also for the survival of the larvae, which require moist and 

nutrient-rich environments within the fruit to thrive. 

Ideal Temperature and Humidity for Egg-Laying 

The egg-laying activity of C. hemipterus is highly influenced by temperature. The beetles are most 

active in warm climates, particularly in temperatures ranging from 25°C to 30°C (77°F to 86°F). At 

these temperatures, the beetles have optimal metabolic rates, enabling them to actively seek out suitable 

sites and lay eggs efficiently. Cooler temperatures can slow down their activity and reduce reproductive 

rates, while excessively high temperatures may also hinder egg survival. Thus, a moderate, warm 

environment provides the balance needed for successful egg deposition and development. 

Humidity levels also play a crucial role in the reproductive cycle of C. hemipterus. High humidity, 

typically around 70% or higher, is ideal for both egg viability and larval development. Humidity helps 

maintain the moisture content in the litchi fruit, ensuring the developing larvae have a favorable 
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environment rich in nutrients. Conversely, low humidity levels can desiccate both the eggs and the fruit, 

reducing larval survival rates and, ultimately, the success of the infestation. 

Environmental Factors and Fruit Condition 

The environmental condition of the litchi orchards greatly affects the likelihood of infestation. C. 

hemipterus is more likely to lay eggs on fruits that are either overripe, damaged, or starting to ferment, 

as these fruits offer the soft tissue and moisture that the larvae need to thrive. Damaged fruit surfaces are 

particularly attractive for the beetles, as they provide easier access to the pulp, allowing the larvae to 

feed immediately upon hatching. As a result, beetles will often seek out clusters of fruit that are sheltered 

from extreme sun exposure and are starting to ripen, as these are most conducive to larval success. 

Furthermore, fruits that have small cracks or natural openings are particularly targeted, as they facilitate 

quick access for the female beetle to lay eggs close to the pulp, where the larvae can begin feeding 

immediately after emerging. This choice of laying site is strategic; by depositing eggs on exposed or 

damaged surfaces, C. hemipterus increases the probability of the larvae’s immediate access to a food 

source, reducing mortality and enhancing the infestation's impact on the fruit. 

The Influence of Laying Site Selection on Infestation Success 

The selection of specific sites on the litchi fruit for egg-laying plays a critical role in the infestation 

process. By choosing areas of the fruit that are rich in moisture and nutrients, the female beetle ensures 

that her larvae have a higher likelihood of survival. The sheltered spots on the fruit, such as the junctions 

between fruit clusters or shaded portions of the orchard, are also preferred as they reduce exposure to 

sunlight and desiccation, protecting both eggs and larvae. 

Larval Stage 

The larvae of Carpophilus hemipterus, the dried-fruit beetle, exhibit a feeding behavior that is 

particularly destructive to litchi crops. After hatching, the larvae immediately begin consuming the soft, 

moist flesh of the litchi fruit. This feeding activity not only damages the fruit internally but also opens it 

up to further decay, creating conditions that ultimately lead to spoilage and reduced quality. 

Feeding Behavior and Visible Damage 

Upon hatching, C. hemipterus larvae bore into the fruit, targeting the pulp, which provides the moisture 

and nutrients essential for rapid growth. The larvae feed voraciously on the inner flesh, often starting 

near the egg-laying site where the fruit might already be slightly damaged or soft. As they burrow 

deeper, they create tunnels and cavities within the fruit, resulting in visible signs of infestation such as 

sunken areas, discoloration, and sometimes an unpleasant odor as the fruit begins to ferment. 

This burrowing leaves the fruit more susceptible to secondary infections, including fungal and bacterial 

infestations. The compromised structural integrity allows pathogens to enter, accelerating the decay 

process and turning the affected litchi into a mushy, unmarketable product. Consumers and vendors alike 

typically reject these visibly damaged fruits, as they lack the appealing appearance, texture, and aroma 

associated with high-quality litchi. 
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Contribution to Fruit Spoilage and Quality Decline 

The larvae’s activity directly contributes to fruit spoilage by breaking down the tissue, which reduces the 

fruit’s shelf life and makes it unfit for sale, particularly in export markets where quality standards are 

stringent. Even if some larvae-infested fruits appear intact externally, the internal damage becomes 

apparent during handling or packaging, lowering the overall grade of the produce. For Bihar’s farmers, 

whose income heavily depends on high-quality litchi, this deterioration translates to economic losses, as 

damaged fruit is often sold at a reduced price or discarded entirely. 

Moreover, the presence of larval infestations diminishes the perceived quality of the crop, affecting 

consumer trust and potentially leading to lower demand for fruit from specific orchards or regions. 

When fruit spoilage is prevalent, it can also affect storage and transportation conditions, as spoiled fruits 

emit gases that accelerate ripening and decay in surrounding fruits. 

Duration of Larval Stage and Environmental Influences 

The larval stage of C. hemipterus typically lasts between one to two weeks, depending on environmental 

conditions. Warm, humid conditions—ideally between 25°C to 30°C and around 70% humidity—

accelerate larval development, enabling rapid growth and leading to quicker crop damage. Under these 

conditions, larvae consume more fruit tissue in a shorter period, intensifying the overall damage to the 

crop. 

Conversely, cooler or drier environments can slow larval development, reducing their feeding rate and 

slightly mitigating immediate damage to the fruit. However, even with delayed development, the larvae 

still feed consistently, and any extended presence within the fruit results in spoilage over time. Extended 

rainy seasons or poorly ventilated storage facilities that trap humidity can also prolong conditions 

favorable for larval growth, inadvertently fostering infestations and increasing the likelihood of 

widespread spoilage. 

Pupal and Adult Stages 

The pupal stage of Carpophilus hemipterus, the dried-fruit beetle, is a critical transition period where the 

beetle undergoes transformation from larva to adult. This stage occurs in a stable, concealed 

environment, often within the soil near the infested fruit or in organic material where the larva has 

access to the shelter it needs for successful metamorphosis. This stage is crucial for the beetle’s lifecycle, 

as the emerging adult will carry forward the infestation, directly impacting litchi crops during peak 

season and making control measures more challenging. 

Environmental Requirements for the Pupal Stage 

For successful pupation, C. hemipterus requires a sheltered environment with moderate moisture levels, 

which is often found in soil or organic debris around the base of litchi trees. The larvae, after feeding on 

the fruit, typically drop to the ground and burrow into the soil to create a protective pupal chamber. This 

environment provides insulation and protection from external stressors like predators and temperature 

extremes, which are critical for the vulnerable pupal stage. A moderate temperature range between 20°C 

and 30°C is optimal for pupal development; extreme heat or dryness can delay or disrupt 

metamorphosis, while high humidity aids in completing the transformation smoothly. 
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Role of the Adult Beetle in Infestation Spread and Longevity 

Once the pupal stage concludes, adult C. hemipterus beetles emerge with a full set of wings and a 

heightened ability to disperse. These adults are particularly drawn to ripe and damaged fruit, which they 

actively seek to feed on and use as sites for egg-laying. The adult beetles are small and agile, allowing 

them to quickly spread across orchards and access even well-hidden or enclosed fruits. This mobility 

means that once adults are present, they can infest a large number of fruits, laying eggs that will soon 

hatch into larvae, continuing the cycle of damage. 

The adult beetles are relatively long-lived, with lifespans extending several weeks to a few months, 

depending on environmental conditions. During this period, they can lay multiple rounds of eggs, 

exponentially increasing the population and thereby intensifying the infestation. Their longevity allows 

them to persist through the peak litchi season, often infesting multiple fruit batches, which significantly 

contributes to both immediate and long-term crop damage. 

Influence on Crop Damage During Peak Season 

The pupal and adult stages of C. hemipterus play a substantial role in damaging litchi crops, especially 

during peak harvest periods. When adults emerge in large numbers, they infest fruits rapidly, often 

outpacing control efforts and making it difficult for farmers to prevent the damage from spreading. 

Adults’ reproductive capabilities mean that infestations can expand rapidly, with each successive 

generation intensifying the infestation cycle if not managed effectively. This leads to direct fruit loss, 

reduces the marketable yield, and increases spoilage rates due to the beetles' feeding activity. 

Since litchis are highly perishable and valued for their appearance and taste, any beetle-induced damage 

affects the crop's market appeal and overall quality. Visible signs of beetle activity or early signs of 

decay can render the fruit unmarketable, impacting both domestic sales and export potential. Farmers 

face challenges with infestation control costs and may experience financial strain if large portions of 

their crops are lost to beetle activity. 

3. Population Dynamics in Bihar 

Seasonal Influence 

Seasonal changes in Bihar strongly influence the population dynamics of Carpophilus hemipterus, with 

both climate patterns and the litchi harvest season shaping the beetle’s activity levels. The distinct 

seasonal variations in temperature, humidity, and rainfall in Bihar create peak and low periods of beetle 

activity, closely tied to the life cycle needs of C. hemipterus and the availability of ripening litchi fruits. 

Peak Beetle Activity and Litchi Harvest Season 

The peak season for C. hemipterus typically aligns with the litchi harvest period, which spans from May 

to June. During these months, Bihar experiences hot and humid weather, with temperatures often 

ranging between 25°C and 35°C (77°F to 95°F) and relative humidity levels that can exceed 70%. This 

warm, moist climate is ideal for C. hemipterus reproduction and development, allowing beetles to thrive 

and multiply rapidly. 

The abundance of ripening litchi fruit during this period provides a prime food source and egg-laying 

sites for the adult beetles. As beetle populations surge, they readily infest these fruits, taking advantage 
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of the high moisture content and nutrient-rich pulp to support their offspring. The timing of this peak 

population growth with the litchi season means that farmers face heightened infestation risks just as their 

crops reach maturity, leading to substantial crop damage and losses if left unmanaged. 

Low Beetle Activity During Cooler Seasons 

In contrast, C. hemipterus activity decreases significantly during Bihar’s cooler, drier months, 

particularly from November to February. During this period, temperatures drop to between 10°C and 

20°C (50°F to 68°F), and humidity levels decrease, creating conditions less favorable for beetle 

development. Lower temperatures slow the beetle’s metabolism and reproductive rates, which in turn 

reduces egg-laying and slows larval growth. Additionally, as there are no litchi fruits available during 

this off-season, beetles struggle to find adequate food and shelter, which limits their population size. 

The absence of ripe fruit and the cooler, drier climate conditions create a natural low point in the beetle’s 

annual life cycle. This phase provides a reprieve from infestations for farmers, allowing them to prepare 

and implement preventative measures before the next season’s harvest. 

Correlation with Monsoon and Pre-Monsoon Seasons 

Bihar’s pre-monsoon season, which begins around April, marks the start of rising temperatures and 

increasing humidity levels, setting the stage for the next beetle population surge. By May, when the full 

onset of the litchi season coincides with the warmer, wetter conditions, beetle populations peak again. 

The monsoon itself (June to September) brings heavy rains, which can sometimes reduce beetle activity 

by creating overly moist conditions that might impact egg and larval survival. However, any lingering 

infestation can persist in the early monsoon months if conditions remain favorable. 

Environmental Factors 

The development and reproduction of Carpophilus hemipterus, the dried-fruit beetle, are highly sensitive 

to environmental factors, especially temperature, humidity, and rainfall. These factors influence not only 

the rate of growth and survival of each life stage but also the overall population dynamics, impacting 

how severe beetle infestations can become in agricultural regions like Bihar. 

Temperature 

Temperature is one of the most critical factors impacting C. hemipterus development. The beetles thrive 

in warm climates, with optimal development occurring between 25°C and 30°C (77°F to 86°F). Within 

this range, metabolic and reproductive rates are high, allowing the beetles to reproduce and develop 

quickly. Eggs hatch faster, larvae grow at an accelerated pace, and adults are more active, leading to 

population booms in a relatively short period. 

Conversely, temperatures below 20°C (68°F) slow down beetle activity, lengthening the development 

time for eggs, larvae, and pupae. Cold temperatures—especially below 10°C (50°F)—can drastically 

reduce reproductive rates, pushing beetles into a dormant state and effectively curtailing population 

growth. Extremely high temperatures, above 35°C (95°F), can also be detrimental, leading to 

dehydration and increased mortality among both larvae and adults. Therefore, moderate warmth is ideal 

for beetle proliferation, while extreme temperatures serve as natural checks on their populations. 
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Humidity 

Humidity levels also play a significant role in beetle survival and development. C. hemipterus requires 

high humidity to support the moisture needs of its eggs and larvae, as dry conditions can desiccate these 

stages and reduce survival rates. Humidity levels of around 70% or higher create a favorable 

environment, helping maintain the moisture within fruits and preventing eggs and larvae from drying 

out. In such conditions, larvae feed easily on moist fruit flesh, maximizing their growth potential. 

In contrast, low humidity levels negatively affect beetle populations by drying out the fruits they infest 

and creating inhospitable conditions for egg and larval development. This is particularly important 

during dry seasons or in areas with poor irrigation where humidity is naturally low. Under these 

conditions, beetle populations tend to decline due to reduced larval survival and slower reproductive 

rates. 

Rainfall 

Rainfall can have mixed effects on C. hemipterus populations, often depending on the timing and 

intensity of precipitation. Moderate rainfall, particularly during the pre-monsoon period, can benefit 

beetle development by raising humidity and enhancing conditions for larval feeding. However, heavy 

rainfall during peak beetle activity can sometimes hinder population growth by oversaturating the soil 

and waterlogging the environment. Excessive moisture may damage eggs and larvae in the soil or on 

fruits, creating conditions unfavorable for development. 

On the other hand, prolonged dry spells with little rainfall can suppress beetle populations. Drought 

conditions lower humidity and decrease the availability of succulent fruits, which limits suitable 

breeding and feeding sites for C. hemipterus. Without adequate moisture from rainfall or humidity, the 

beetles struggle to maintain population levels, as their reproductive and developmental success is 

hindered. 

Combined Influence on Beetle Populations 

These environmental factors—temperature, humidity, and rainfall—interact to either promote or limit C. 

hemipterus populations. In regions with consistently warm temperatures and high humidity, beetles can 

reproduce rapidly, leading to significant infestations if suitable host fruits are available. However, natural 

fluctuations, such as cooler seasons, dry spells, or unseasonal heavy rains, act as natural regulators by 

disrupting the ideal conditions needed for beetle survival. 

Human Agricultural Practices 

Agricultural practices in Bihar, such as irrigation, pruning, and fruit bagging, can significantly influence 

the populations of Carpophilus hemipterus, the dried-fruit beetle. These practices either directly impact 

the beetle’s ability to infest crops or create environmental conditions that are either conducive or 

challenging for its development. Additionally, pest control techniques, including both conventional and 

organic methods, have varying levels of effectiveness in controlling C. hemipterus populations. 

Irrigation Practices 

Irrigation is essential in Bihar’s litchi orchards to maintain soil moisture and support fruit development, 

especially during dry seasons. However, maintaining a consistently moist environment around the litchi 
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trees can inadvertently create favorable conditions for C. hemipterus larvae, which thrive in humid soil 

and fruit. High humidity promotes egg survival and larval growth, potentially increasing beetle 

populations. 

Pruning and Orchard Sanitation 

Regular pruning and orchard sanitation practices play a critical role in managing beetle populations. 

Pruning removes dead branches and damaged fruits, which are often prime sites for beetle infestation. 

Beetles are naturally drawn to damaged or overripe fruits to lay their eggs, so keeping the orchard free 

from fallen or decaying fruits and regularly trimming overgrown branches minimizes the number of sites 

available for beetle reproduction. 

Sanitation practices like clearing the orchard floor of decaying fruits and leaves also remove potential 

breeding grounds for C. hemipterus, reducing the likelihood of large beetle populations in the vicinity. 

Effective pruning and sanitation can therefore serve as practical, preventive steps to curb beetle 

infestations without the need for intensive chemical interventions. 

Pest Control Techniques and Organic Methods 

Conventional pest control techniques, such as the use of chemical insecticides, can effectively reduce 

beetle populations when applied at critical times, such as during peak beetle activity in the pre-harvest 

season. However, insecticides are not always ideal, especially for crops like litchi that are valued for 

their freshness and appeal in export markets, where strict chemical residue regulations apply. 

In response, many farmers are exploring organic pest control methods. Organic options, such as neem oil 

sprays or natural repellents, have gained popularity as they are safer for the environment and leave no 

harmful residues on the fruit. Additionally, introducing beneficial insects, like predatory beetles or 

parasitic wasps, into the orchard can help control C. hemipterus populations by preying on the larvae and 

eggs. While organic methods might not provide the immediate population control that chemicals do, 

they offer a sustainable approach for long-term management. 

Influence on Beetle Prevalence 

These agricultural practices collectively shape the prevalence of C. hemipterus in Bihar’s litchi orchards. 

Practices like irrigation and fruit bagging directly influence the environment in which beetles thrive or 

struggle, while pruning and orchard sanitation limit their access to ideal breeding sites. Conventional and 

organic pest control methods offer targeted approaches, allowing farmers to choose strategies that align 

with their production goals and market requirements. 

For litchi farmers in Bihar, adopting a mix of these practices—such as regular pruning, selective 

irrigation, and organic control measures—creates a balanced environment that supports crop health 

while reducing the risk of significant beetle infestations. By integrating these methods, farmers can 

manage C. hemipterus populations in an environmentally conscious way, minimizing the beetles' impact 

on yield quality and contributing to a more sustainable agricultural system. 
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4. Methods of Study 

Sampling and Observation Techniques 

To monitor and study Carpophilus hemipterus populations in Bihar's litchi orchards, researchers use 

structured sampling methods to capture accurate data on beetle density, distribution, and life stages 

throughout the litchi-growing season. These sampling methods involve strategic timing, specialized 

traps, and protocols for observing developmental stages under both field and lab conditions, providing a 

comprehensive understanding of beetle population dynamics. 

Sampling Intervals and Timing 

Sampling typically begins in early spring, aligning with the pre-harvest period when beetle populations 

start to increase in response to the budding and early fruiting stages of litchi. Monitoring continues 

through peak fruiting and into the post-harvest season, allowing for the assessment of population 

fluctuations across different stages of fruit ripeness. Sampling intervals are generally weekly or 

biweekly, ensuring a consistent and representative dataset of beetle activity over time. Regular intervals 

also help capture the beetle’s rapid life cycle, with each developmental stage—egg, larva, pupa, and 

adult—evolving within a few days to weeks, depending on environmental conditions. 

Traps and Tools for Collection 

We used a variety of traps to effectively capture C. hemipterus adults in litchi orchards. One common 

method is the use of pheromone-baited traps, which emit synthetic attractants that mimic the scents 

beetles are naturally drawn to, including ripe or decaying fruit odors. These traps are typically small, 

perforated containers with an adhesive or funnel mechanism that traps beetles as they attempt to enter. 

Pheromone traps are placed throughout the orchard at different heights and locations, such as near the 

base of litchi trees and within the canopy, to account for varying beetle activity across different zones. 

Sticky traps are also frequently used, especially for capturing flying adults. These are simple sheets or 

strips coated with a non-drying adhesive, often placed near fruit clusters or other areas where beetles 

congregate. Sticky traps allow researchers to visually assess the number of beetles captured over time, 

making them a valuable tool for determining population density and seasonal peaks. 

For larvae and other early developmental stages, We collected infested fruit samples directly from trees 

and orchard floors. These samples are then examined for internal larval activity, with larvae extracted for 

closer study in lab settings. 

Integrating Field and Lab Data 

The combined data from field traps and lab-reared specimens offer a robust view of C. hemipterus 

population trends, life cycle timing, and the impact of environmental conditions on beetle development. 

By analyzing both field captures and lab measurements, researchers can create a detailed life cycle 

model, helping to predict high-risk periods for beetle infestations. This information provides a 

foundation for targeted pest control measures, assisting farmers in anticipating and managing 

infestations in a timely and effective manner. 
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Data Analysis 

To effectively analyze Carpophilus hemipterus population data and understand its life cycle patterns in 

Bihar’s litchi orchards, researchers rely on statistical methods that provide insights into population 

density, seasonal fluctuations, and the influence of environmental factors like temperature and humidity. 

These analyses are essential for accurately assessing beetle activity and developing informed pest 

management strategies that align with seasonal and environmental conditions. 

Key Metrics for Analysis 

The primary metrics for studying C. hemipterus include: 

1. Population Density: This is measured by the number of beetles captured per trap within a set 

sampling period, typically weekly or biweekly. By calculating the average beetle count across 

multiple traps and comparing these averages over time, researchers can determine periods of high 

and low population density, indicating peak infestation seasons. 

2. Seasonal Changes: Monitoring C. hemipterus over several months provides insights into 

seasonal population trends, revealing how beetle numbers vary across pre-harvest, harvest, and 

post-harvest phases. Seasonal changes are further analyzed by examining the beetle life cycle 

stages captured at different times, helping to identify breeding cycles and anticipate times of 

higher infestation risk. 

3. Environmental Correlations: Environmental variables such as temperature, humidity, and 

rainfall are continuously recorded alongside population data. Statistical correlations between 

beetle numbers and these variables reveal how certain conditions encourage or suppress beetle 

growth and activity. These correlations are crucial in predicting population dynamics and timing 

pest control interventions. 

5. Results and Discussion 

Life Cycle Data 

The life cycle of Carpophilus hemipterus in Bihar’s litchi orchards consists of four distinct stages: egg, 

larva, pupa, and adult. Each stage is influenced by environmental factors, primarily temperature and 

humidity, which significantly impact development times, survival rates, and overall population growth. 

By understanding these stages in detail, researchers and farmers can better anticipate peak infestation 

periods and devise strategies to manage beetle populations effectively. 

Egg Incubation 

Carpophilus hemipterus females lay eggs on the surface or just beneath the skin of litchi fruits, often 

favoring areas where the fruit is damaged or beginning to ripen. The eggs are small, translucent, and 

vulnerable to environmental conditions. In Bihar’s warm climate, egg incubation generally takes 

between 2 to 4 days, depending on the ambient temperature and humidity. Higher temperatures, 

particularly around 30°C, tend to accelerate egg development, reducing incubation time to just a couple 

of days. Humidity also plays a role, as eggs laid in environments with consistent moisture show higher 

survival rates. 
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Larval Feeding Period 

After hatching, C. hemipterus larvae immediately begin feeding on the fruit flesh, burrowing into the 

pulp. This stage is critical as larval feeding causes substantial damage to the fruit, leading to spoilage, 

discoloration, and loss of market value. The larval stage typically lasts between 5 to 10 days, with 

duration depending heavily on environmental conditions. Higher temperatures speed up larval growth, 

with larvae maturing within 5 to 6 days when temperatures are around 28-30°C. Conversely, cooler 

temperatures prolong the larval period, sometimes extending it beyond 10 days. 

Humidity also influences larval development, as larvae thrive in moist environments and struggle in dry 

conditions. Optimal moisture allows for faster development and greater feeding efficiency, which 

ultimately contributes to faster beetle population growth during periods of high humidity. During 

particularly dry spells, larval mortality rates tend to increase, as larvae are more susceptible to 

dehydration. 

Pupation Duration 

The pupal stage occurs after the larva exits the fruit to find a sheltered spot, typically in soil near the 

base of litchi trees. Pupation lasts between 3 to 5 days in favorable conditions, though it can extend to 7 

days in cooler or drier climates. Pupae are generally more resilient to environmental fluctuations than 

eggs or larvae, but temperature still plays a role; higher temperatures tend to shorten the pupal period. 

In Bihar’s warm seasons, pupae can transform into adults within as few as 3 days, leading to quicker 

population turnovers and higher beetle numbers. The short pupation duration, combined with rapid 

larval growth, allows beetle populations to multiply swiftly under optimal environmental conditions, 

particularly during pre-harvest and harvest periods when fruit availability is high. 

Adult Lifespan and Infestation Spread 

Upon emerging as adults, C. hemipterus beetles live for approximately 2 to 4 weeks, with some variance 

depending on environmental stressors like temperature and food availability. In high-temperature 

conditions (25-30°C), adult beetles show increased activity and a higher rate of reproduction, laying 

eggs multiple times throughout their lifespan. Adults feed on litchi juice and pulp, causing additional 

damage beyond that done during the larval stage, and are highly mobile, quickly spreading infestations 

across orchards. 

Humidity again plays a role in adult longevity and reproductive success; beetles tend to live longer and 

reproduce more in moist environments. Dry conditions, however, can reduce adult lifespan and egg 

production rates, slowing population growth during drier months or droughts. 

Environmental Impact on Life Cycle Duration 

The life cycle duration of C. hemipterus is particularly responsive to temperature and humidity. In 

Bihar’s warm, humid litchi-growing season, the complete life cycle—from egg to adult—can be as short 

as two weeks. During cooler, less humid periods, the life cycle slows, with each stage taking longer and 

overall population growth decreasing. Such environmental dependencies create predictable patterns: 

population density tends to peak during the warm, rainy months when humidity is high and fruit is most 

abundant, creating ideal conditions for rapid beetle reproduction. 
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Population Trends 

The population trends of Carpophilus hemipterus in Bihar’s litchi orchards demonstrate distinct seasonal 

and monthly fluctuations, with beetle numbers rising and falling in response to environmental factors 

like temperature, humidity, and fruit availability. Understanding these patterns is essential for predicting 

future infestations, enabling litchi farmers to proactively manage their crops during high-risk periods. 

Seasonal Population Trends 

The lifecycle of C. hemipterus is closely tied to the litchi growing season, and population numbers tend 

to peak during the warmer months of pre-harvest, harvest, and early post-harvest. In Bihar, this typically 

spans from April to June. As temperatures rise and humidity increases, beetle reproduction rates 

accelerate, leading to rapid population growth. This period coincides with the availability of ripening 

litchi fruits, providing ample food and optimal conditions for egg-laying, larval development, and 

pupation. 

During the monsoon season (June to September), beetle populations may continue to thrive due to the 

persistent humidity. However, heavy rains can also impact population levels. In some instances, heavy 

rainfall limits beetle movement and reduces adult longevity, causing slight dips in population density. In 

contrast, during cooler months, particularly from November to February, beetle numbers tend to decline 

significantly. Lower temperatures slow down the life cycle, with prolonged egg, larval, and pupal stages, 

effectively reducing the frequency of population turnover. 

Monthly Fluctuations and Population Peaks 

On a monthly scale, beetle populations often show a predictable increase as the litchi season progresses. 

Populations are typically low in early spring (March), gradually rising through April as temperatures 

warm and litchi fruits begin ripening. By May and early June, C. hemipterus numbers reach their peak, 

often aligning with peak fruit production. During this period, beetle infestations can be particularly 

damaging, as both larval feeding and adult activity cause substantial fruit spoilage. 

In late June and July, beetle populations may start to decline slightly, even as monsoon conditions 

maintain high humidity levels. By late summer, with the majority of the litchi harvest completed, food 

sources become scarcer, naturally limiting beetle population growth. By September, populations are 

relatively low, and they continue to decline as temperatures drop and humidity decreases. 

Correlation with Environmental Data 

Temperature and humidity are the most influential environmental factors driving these seasonal and 

monthly trends. Statistical analyses often reveal strong positive correlations between beetle numbers and 

warm, humid conditions, with optimal development occurring around 28-30°C and high humidity levels 

above 60%. During these conditions, eggs incubate faster, larvae feed more efficiently, and adults 

experience longer lifespans, contributing to swift population growth. Conversely, in cooler, drier months, 

the beetle’s life cycle lengthens, reducing population density and reproductive rates. 

Rainfall, particularly heavy or prolonged periods, has a mixed effect. While moderate rainfall can 

maintain favorable humidity for beetle development, excessive rain may disrupt beetle movement, larval 

feeding, and even adult survival, slightly curbing population density during the monsoon season. For 
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example, in exceptionally wet years, beetle populations tend to stabilize or even decline temporarily due 

to the disruption of normal breeding and feeding behaviors. 

Predicting Future Infestations 

These observed trends provide valuable insight for predicting future infestations. Based on historical 

patterns, high infestation risks can be anticipated during April through early June, aligning with litchi 

ripening and peak harvest. Farmers can use this data to schedule pest control measures more effectively, 

focusing on pre-emptive actions such as fruit bagging, field sanitation, and pheromone trap placement 

before beetle numbers reach their peak. 

Climate data can further refine these predictions. For example, if warmer-than-average spring 

temperatures are forecasted, an earlier and more intense infestation may occur, suggesting that pest 

management efforts should commence earlier. Conversely, cooler or drier spring forecasts may indicate a 

slower population growth rate, allowing farmers to adjust their interventions accordingly. 

Through the careful observation of these seasonal and monthly trends and the correlation with 

environmental data, litchi farmers and agricultural advisors in Bihar can develop targeted, data-informed 

pest management strategies that help protect litchi yields, reduce crop losses, and sustain the economic 

stability of the region’s litchi industry. 

6. Conclusion and Recommendations 

The study’s findings on the life cycle and population dynamics of Carpophilus hemipterus in Bihar’s 

litchi orchards provide crucial insights into the pest’s behavior and potential infestation risks. 

Observations showed that C. hemipterus thrives under warm, humid conditions, with the pest's lifecycle 

stages—including egg incubation, larval development, pupation, and adult maturity—progressing 

rapidly in alignment with Bihar’s litchi-growing season. This seasonal synchronization between pest 

activity and fruit ripening poses a significant challenge for litchi farmers, as the beetle population peaks 

during harvest time, when litchi fruits are most vulnerable to infestation. 

Key findings include that the egg-laying and larval stages are particularly responsive to changes in 

temperature and humidity, with warmer, more humid conditions leading to quicker development and 

higher population turnover. The adult beetles’ mobility and longevity further contribute to the pest’s 

spread across orchards, creating compounding damage during peak season. Environmental shifts, 

especially temperature and humidity fluctuations, heavily influence beetle behavior, allowing for an 

increase in pest activity during litchi’s most critical growth stages. 

The implications of these findings are vital for predicting infestation risks in litchi orchards. 

Understanding the timing and environmental factors driving C. hemipterus populations allows farmers 

and agricultural advisors to anticipate high-risk periods, particularly around April through June when the 

beetles’ life cycle aligns with the litchi harvest. Predictive models based on this life cycle and population 

data can help guide pest management strategies, informing the timing of interventions such as 

pheromone trapping, fruit bagging, and targeted pesticide application. 

Control Measures 

To manage Carpophilus hemipterus infestations in Bihar’s litchi orchards, a targeted approach 

incorporating Integrated Pest Management (IPM) is recommended. Given Bihar’s warm and humid 
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conditions, which support beetle population growth, these strategies are tailored to provide both 

effectiveness and cost-efficiency, ensuring they are feasible for small-scale farmers. 

1. Integrated Pest Management (IPM) 

An IPM approach combines various methods that reduce beetle populations while minimizing 

environmental impact. This approach is especially beneficial for Bihar’s farmers as it lowers long-term 

costs and pesticide reliance. Key components of an IPM strategy for C. hemipterus include: 

 Monitoring and Early Detection: Regular inspection of orchards during the pre-harvest and 

early harvest stages (March to June) allows for early detection of infestations. Farmers can set up 

pheromone traps to attract adult beetles, providing an early indication of population spikes. Early 

intervention reduces the need for heavy chemical treatments. 

 Sanitation and Orchard Management: Removing fallen or damaged fruits from the orchard 

floor minimizes breeding sites for beetles. By practicing good orchard hygiene and disposing of 

infested fruit promptly, farmers can effectively reduce beetle habitat and food sources. 

2. Biological Control 

Biological control options offer environmentally friendly methods to combat C. hemipterus populations. 

Though limited in Bihar, some approaches have proven effective and could be implemented more widely 

with support from agricultural extension services: 

 Natural Predators and Parasites: Encouraging native predatory insects, such as certain beetles 

and wasps, may help reduce C. hemipterus populations naturally. Research on introducing or 

conserving specific parasitoid wasps that target C. hemipterus larvae could offer an effective 

biological control, though further study is needed to ensure ecological safety. 

 Entomopathogenic Fungi: Certain fungi, like Beauveria bassiana, can target beetle populations 

by infecting and killing larvae and adults. These biological agents can be applied as sprays on 

litchi trees. Though costlier than chemical pesticides, these fungi are safe for beneficial insects 

and can reduce beetle numbers without harming the environment. Subsidies or cooperative 

buying programs can help make these options affordable. 

3. Chemical Control (as a Last Resort) 

While chemical treatments may be necessary during severe infestations, they should be used judiciously 

to avoid pesticide resistance and preserve beneficial insect populations. For Bihar’s conditions, the 

following chemical strategies can be considered: 

 Targeted Insecticides: Selective insecticides, applied sparingly and directly on infested fruit 

clusters, can help control beetle numbers without broad-spectrum environmental impact. 

Chemicals like spinosad or neem-based insecticides are less toxic to beneficial species and break 

down relatively quickly. Timing applications based on peak beetle activity (around April to June) 

will maximize their effectiveness. 
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 Pheromone-Enhanced Bait Sprays: Pheromone-baited sprays attract adult beetles, allowing 

farmers to target them more effectively. This targeted application reduces the amount of 

insecticide used, making it more affordable and environmentally sound. 

Feasibility and Cost Considerations 

For small-scale farmers, affordability and ease of application are critical. Integrated Pest Management 

and biological controls align with these needs, as they reduce long-term dependency on costly chemicals 

and protect beneficial insects, helping maintain orchard health. Collaborative approaches, such as 

cooperative pheromone trap purchases or government-subsidized biological control agents, can further 

improve affordability and access for local farmers. 
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