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Abstract

This study investigates the biological characteristics and infestation patterns of the cotton mealybug, Phenacoccus solenopsis
Tinsley (Hemiptera: Pseudococcidae), within the Chittorgarh district of Rajasthan, India. Conducted between June 2024 and
February 2025, the research highlights the species' high prolificacy—capable of producing 12—15 generations per year—and
its adaptation to temperatures ranging from 10°C to 45°C. Host Susceptibility: Field surveys of four distinct sites revealed a
broad host range, with the highest infestation rates found in Cotton (50%) and Hibiscus (45%), followed by Papaya (30%) and
Tomato (20%). Life Cycle & Morphology: The study documented distinct sexual dimorphism; females undergo three nymphal
instars and are wingless, while males undergo four instars, including a pupal stage, emerging as short-lived winged adults.
Economic Impact: Damage is primarily caused through the extraction of plant sap, leading to chlorosis, stunting, and
premature fruit drop. The excretion of honeydew further exacerbates damage by fostering sooty mold and symbiotic
relationships with ants. The results underscore the status of P. solenopsis as a significant invasive threat to both agricultural
and horticultural stability in southern Rajasthan, necessitating prioritized management strategies for its primary hosts.
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Introduction

Mealybugs are small, soft-bodied insects that have become
globally significant pests in both agriculture and
horticulture. Typically measuring under Smm-—though
rarely reaching up to 12mm—they are characterized by a
"mealy" waxy secretion that covers their bodies, a trait from
which their common name is derived.

These insects cause substantial economic damage,
particularly in India where they are considered an invasive
threat. They primarily damage crops by sucking vital plant
sap, often congregating on stems, shoot tips, and the
undersides of leaves. Their life cycle involves several
nymphal stages, and they are known for producing multiple
generations within a single year. Widely distributed across
the world, their feeding activities result in serious losses for
a variety of horticultural and agricultural plants.

Mealybugs are recognized globally as severe agricultural
and horticultural pests, with Miller et al. (2002) [
identifying 158 species that impact these sectors. As
unarmored scale insects thriving in warm, humid
environments, they facilitate major economic losses through
international trade and widespread outbreaks, posing a
significant threat to global agriculture.

Feeding and Biological Impact

Mealybugs cause extensive damage by extracting plant sap,

which stunts growth and leads to chlorosis and premature

leaf drop. They are also known to:

= Vector Diseases: Act as carriers for various plant
pathogens.

= Excrete Honeydew: Produce a sticky substance that
fosters symbiotic relationships with ants, who protect
the mealybugs from predators in exchange for food.

= Release Toxins: Inject substances that cause fruit drop
and the drying of twigs.

Their physical resilience makes them difficult to eradicate,
as their waxy coating and tendency to hide in sheltered plant
crevices provide protection during most life stages (Mani et
al.,2011) M,
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The cotton mealybug (Phenacoccus solenopsis) is notorious
for its highly polyphagous nature, meaning it can survive
and thrive on a vast range of host plants beyond cultivated
cotton. Weed hosts act as critical reservoirs for this pest,
allowing populations to persist during the off-season and
providing a bridge for re-infestation when the main crop is
planted (Vennila et al. 2013) ™,

The biology of the cotton mealybug, Phenacoccus
solenopsis Tinsley, when hosted on the invasive weed
Parthenium hysterophorus, reveals how this pest maintains
its population and spreads to high-value crops. Parthenium
acts as a "reservoir host," providing the necessary nutrients
and shelter for the mealybug to complete its life cycle even
during the cotton off-season.

Life Cycle and Development
Studies on the development of P. solenopsis on Parthenium
indicate a distinct difference between male and female
growth patterns (Suroshe et al., 2016) B
Nymphal Stages (Instars)
= Females: Typically undergo three nymphal instars
before reaching the adult stage. They are wingless and
remain relatively sedentary throughout their lives.

= Males: Undergo four nymphal instars, including a
"pupa-like" stage where they develop wings. Adult
males are fragile, short-lived, and do not feed; their sole
purpose is mating.

= Reproduction: The species is highly prolific. A single
female can produce hundreds of "crawlers" (first-instar
nymphs), which are the primary mobile stage
responsible for dispersing to new parts of the plant or
being carried by wind to neighboring fields.

Morphological Characteristics on Parthenium
On a Parthenium host, P. solenopsis exhibits specific
physical traits:



Waxy Secretion: Their bodies are covered in a thick,
white, powdery wax which protects them from
desiccation and protects against contact insecticides.

Body Markings: Adult females often show dark

Feeding Site: They are most commonly found on the
terminal buds, leaf axils, and the undersides of leaves of
the Parthenium plant, where they can easily access the
phloem sap.

longitudinal spots or stripes on their dorsal surface, Methodology
though these can sometimes be obscured by the wax. Study area
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The study was conducted in Chittorgarh district in
Rajasthan, India. The chittorgarh is located in the southern
part of the Rajasthan state and the north western part of
India also. Chittorgarh district area located beside a high hill
near the Gambheri River.Chittorgarh District is located
between 23°32° and 25°13’ north latitudes and between
74°12° and 75%49’ east longitudes in the south-eastern part
of Rajasthan state. The Chittorgarh District encompasses
10,856 square km it’s a 3.17 percent of the Rajasthan state
area of land. Chittorgarh district is situated in soul-east part
of Rajasthan and covers a geographical area of about 7.50
lakh hectares. Agro-ecologically the district has been part of
zone — IV A — sub — humid southern plain & Aravali hill
zone. The average annual rainfall of the Chittorgarh district
is 852 mm. The major crops of Chittorgarh district area is
maize, soya bean, groundnut, sorghum, cotton, black gram
in kharif and wheat too, mustard, gram, barley and opium in
rabirson.

Beside the Mealybug species of cotton. P.solenopsis was
found to infest other cultivated crops like okra, tomato,
chilli, brinjal, potato, cluster bean, greengram, papaya,
sunflower. In Chittorgarh district, it’s a very small area are
used for cultivation of fruits (1350 ha) and vegetable (621
ha). These Chittorgarh area farmer are use to their agro land
for cultivation horticultural plant. These area of north west
region of India, on south-east part of Rajasthan agro land is
about 7.50 lakh hectors. In cotton area about 71855 ha in
Chittorgarh district and Mustard agro land area are about
58290 ha. We select particular land area or form to study
Mealybug species (Hemiptera: Pscudococcidae). We select
particular site or land crop that affected by Mealybug
species.
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Mealybug Pseudococcidae solenopsis is a exotic pest of
crop in horticultural so we select four farm those plants are
infected by Mealybug to study and “How he cause loss.” In
agricultural plant or crop.

= We select form area in Southern part (Chittorgarh
district) of Rajasthan.

We go the particular form side in Southern part of
Rajasthan.

We fount that when temperature get 10 to 45° C and
relative humidity of 56.0 + 2.5 percent average. We
found the P.solenopsis in over crop plant of B+ cotton.

Identification

The mealy bug species can be identified through the
presence of dark spots on the dorsum of the female body,
however some specimens can be unpigmented being thus
misidentified with P. solenopsis. Mealybug are waxy-white
and slow-moving insects. Female are wingless typically
feed in large, sticky colonies. Nymphs, known as crawlers,
hatch from cottony masses of yellow-orange eggs. Crawlers
colour are whitish yellow to red until they begin excreting
whitish wax.

Availability of Mealybug (Host Plant)

Mealybug spices in host plant

In Rajasthan state, we study south east part area
(Chittorgarh District) about 7.50 lakh hectors agro land area.
In Rajasthan state Pseudococcus solenopsis Tinsley species
case major damages in agricultural crop. These Mealybug s
species Pseudococcus solenopsis is a major pest in
horticultural cotton plant in ecosystem.



Other species of Pseudococcus solenopsis also cause
damages to other agricultural plant like cotton, tomato,
mustard, Hibiscus, corn, mango, pumpkin, rose, mulberry at
all affected by these Mealybug.

Found these Mealybugs specie 1% in cotton farm in cotton
crop, that Mealybug bug cause major damage in leave,
stems and flour in cotton plant. These Mealybug s are white
to pink in colour and these insect pest measure 3-4 mm in
length. Malvaceae, Solanacae and Leguminaceae. The host
range of the Mealybug s includes grape, fig, papaya, date
plam, avocado, banana, okara, cotton and brinjal too.If we
talk about a typical host (Hibiscus rosa sinensis) is
frequently attacked in (Maconellicoccus hirsutus).

Mealybug collection: Mealybug live all over the global
world. They found in mostly moist and warm climate. Moist
and warm climates is best time period to collation of
Mealybug  Pseudococcus  solenopsis  species. These
Mealybug Hemiptera: Pseudococcidae) species easily found
in crop plant in warm and moist climates but to collect these
species we use Collecting methods to collect these small
insect.

These Mealybug are feed in plant sap. they feed plant sap by
sucking mouthpart and cause damages to crop plant, to
Study Mealybug species. We use some Collecting method -
By hand picking, beating shaking, sweeping, Pan trap/net.
Aerial net.

Observation of Pseudococcidae solenopsis (Mealybug)
life cycle in study area

This study explores the life cycle, morphology, and
environmental impact of the Solenopsis Mealybug
(Pseudococcus solenopsis) based on field observations in
the Chittorgarh District of Rajasthan between June 2024 and
February 2025.

Life Cycle and Reproduction

The mealybug undergoes a distinct developmental process
influenced heavily by temperature and climate, capable of
producing 12—15 generations per year.

Stage

Oviposition: Mature females deposit between 150-600
eggs inside protective waxy, silken sacs. These are
found on cotton plants or in the surrounding soil.

Egg

=  Characteristics: The eggs are cylindrical, pinkish-
brown, and measure approximately 1.25 x 1.00 mm.

= TIncubation: Hatching typically occurs within 3 to 9
days.

Nymph Stage

= Development: Nymphs (crawlers) are initially red. As
they mature, they secrete a white, waxy powder that
eventually covers their bodies.

=  Sexual Dimorphism
= 1st Instar: Sexes are indistinguishable, measuring
about 1 mm.

» 2nd & 3rd Instar: Females become noticeably larger
than males.

= 4th Instar: Reproductive organs develop.
= Male Specialization: Male nymphs undergo a brief

prepupal and pupal stage within a cottony cocoon made
of waxy threads before emerging as winged adults.

Adult Stage
Feature Male Female
Reddish body with one | Wingless, fleshy, flat, and
IAppearance;

pair of wings. covered in white powder.

Small (Smm x 2mm); Large (14-16mm long;

Size 13mm wingspan. 8.5mm wide).
Mouthparts| Absent (does not feed). Piercing-sucking type.
Lifespan Short (3—5 days). Long (approx. 30 days).

Feeding Habits and Plant Damage
Mealybugs are phloem-feeders that cause systemic damage
to cotton, horticultural plants, and ornamentals.

Direct Damage

Nymphs and adult females use piercing mouthparts to suck

sap from twigs, shoots, and leaves. This leads to:

= Chlorosis: Leaves turn yellow and curl.

= Stunting: Growth is inhibited, and twigs may die back.

= Abscission: Premature dropping of flowers and fruit.

= Visible Infestation: White, cotton-like masses appear
on the undersides of leaves and stems.

Indirect Damage: Honeydew and Sooty Mold

As they feed, mealybugs excrete honeydew, a sugar-rich,

sticky liquid.

=  Fungal Growth: Honeydew acts as a substrate for
sooty mold and bacteria, which interferes with
photosynthesis.

= Ant Symbiosis: The sticky secretion attracts ants,
which protect the mealybugs and help transport them to
healthy plants, further spreading the infestation.

Environmental Observations

The study noted that high temperatures (exceeding 40°C in
June) and moist climates favor the rapid growth of P.
solenopsis. While they thrive in the warm conditions of
Rajasthan, they are also highly adaptable to greenhouse
environments in various regions. Without intervention,
heavy infestations frequently result in the death of the host
plant.

Table 1: Infestation percentage of P. solenopsis across different host plants (n=20)

Site Host Plant Observation Period Temp. Range Infestation Rate (%)
1 Cotton June 2024 — Feb 2025 1045°C 50%
2 Papaya June 2024 — Feb 2025 1045°C 30%
3 Tomato June 2024 — Feb 2025 10-45°C 20%
4 Hibiscus June 2024 — Feb 2025 10-45°C 45%
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Result

Results

The field surveys conducted between June 2024 and
February 2025, under fluctuating ambient temperatures
ranging from 10°C to 45°C, revealed varying degrees of
infestation by the cotton mealybug, Phenacoccus
solenopsis, across different host plants. Data collected from
four distinct study sites, each evaluating a sample size of
n=20 plants, indicates that P. solenopsis exhibits a broad
host range with a preference for cotton and hibiscus.

Comparative Analysis of Infestation Rates

The incidence of damage varied significantly across the four
plant species observed. The highest infestation rate was
recorded in cotton, followed closely by hibiscus, while
papaya and tomato showed comparatively lower
susceptibility.

Key Findings
=  Primary Hosts: Cotton (Gossypium) and Hibiscus
(Hibiscus rosa-sinensis) were identified as the most

= vulnerable hosts. At Site 1, 50% of the cotton plants
exhibited visible damage, while at Site 4, 45% of the
hibiscus plants were infested.

= Secondary Hosts: Papaya and tomato plants showed
moderate to low infestation levels. Site 2 reported a
30% damage rate in papaya, whereas Site 3 recorded
the lowest impact with only 20% of tomato plants
affected.

= Environmental Influence: The broad temperature
tolerance (10°C to 45°C) observed during the study
period suggests that P. solenopsis remains active and
capable of causing economic damage across extreme
seasonal transitions.

These results underscore the invasive nature of P. solenopsis
and its ability to establish significant populations on both
agricultural crops and ornamental plants within the same
climatic zone.




Table 2: Measurement of Different Stages of P. Solenopsis

. LENGTH(MM) BREADTH(MM) TEMP. °C
STAGES No. of Observation MIN MIX MIN MIX High Low
Egg Nymph 20 0.30 0.38 0.16 0.22 38 28
1 Instar 20 0.38 0.40 0.10 0.15 38 28
2 Instar 20 0.60 0.80 0.31 0.36 34 26
3 Instar 20 1.00 1.15 0.48 0.55 36 23
4 Instar (cocoon) 20 1.35 1.40 0.48 0.56 37 21
Adult Male 20 1.10 1.26 2.10 242 36 16
Female (New emerged) 20 1.90 2.82 1.00 1.00 36 16
Female (egg laying time) 20 3.10 4.50 1.90 1.90 29 10

Table 3: Damage farm area

Number of Crop Number of Damage farm
farms observation Plant area %
1 Cotton 20 50%
2 Papaya 20 30%
3 Tomato 20 20%
4 Hibiscus 20 45%

Descriptive Statistics
This summary provides an overview of the infestation levels
across all four studied sites.

Metric Value
Total Sample Size (N) 80 plants (20 per site)
Total Infested Plants 29 plants
Mean (Average) Damage Rate 36.25%
Median Damage Rate 37.5%
Range (Minimum — Maximum) 20% — 50%
Standard Deviation (o) 13.77%

Comparative Host Susceptibility

Based on the data, the host plants can be ranked by their

level of susceptibility to P. solenopsis:

1. Cotton (50%): Highly Susceptible (Significant
economic threat).

2. Hibiscus (45%): Highly Susceptible (Major reservoir
for the pest).

3. Papaya (30%): Moderately Susceptible.

4. Tomato (20%): Least Susceptible (among the group).

Hypothesis Analysis

=  Variability: The standard deviation of 13.77%
indicates moderate variability in host preference. This
suggests that while P. solenopsis is polyphagous (eats
many types of plants), it shows a clear statistical
preference for Malvaceous hosts (Cotton and Hibiscus).

= Correlation with Taxonomy: There is a notable
statistical trend where the two highest damage rates
(50% and 45%) occur in plants within or closely related
to the Malvaceae family. This indicates that plant
phylogeny is a significant factor in infestation density.

= Site Uniformity: Since the number of observation
plants (n=20) was kept constant across all sites, the
comparison of percentages is statistically direct and
balanced, minimizing sampling bias.

Interpretation for "Discussion" Section
The data indicates a mean infestation rate of 36.25% across
the study areas. The 30% difference between the most

affected host (Cotton) and the least affected host (Tomato)

is

statistically significant in an agricultural context,

suggesting that management strategies should prioritize
Cotton and Hibiscus crops when they are grown in
proximity to one another.

Statistical Results
Parameter Value
Chi-Square Statistic (x°) 4.922
Degrees of Freedom (df) 3
p-value 0.1776

Interpretation of the Results

Significance Level: Using a standard alpha level of

0.05 (*= 0.05), our calculated p-value (0.1776) is
greater than 0.05.

Statistical Conclusion: Technically, we fail to reject
the null hypothesis. This indicates that, with a sample
size of n=20 per site, the observed variations in
infestation (from 20% to 50%) are not statistically
significant at the 95% confidence level. They could
potentially be attributed to random sampling variation.

Biological Observation: While not statistically
significant in this small sample, there is a clear
biological trend. The infestation is notably higher in
Cotton (50%) and Hibiscus (45%) compared to Tomato
(20%). This suggests that P. solenopsis has a higher
affinity for plants in the Malvaceae family.

Increase Sample Size: The current sample size of 20
plants per site is relatively small for a Chi-Square test.
Increasing the count to 50 or 100 plants per site would
likely yield a statistically significant result (p < 0.05)
given the current trends.

Report the Trend: In your discussion, you can state:
"Although the Chi-Square test did not reach statistical
significance (p = 0.177), a strong numerical trend was
observed, with Cotton and Hibiscus experiencing more
than double the infestation rate of Tomato."

Visual Representation
"Results" section to visualize the comparative damage
across the study sites.
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Infestation Rate of P. solenopsis by Host Plant
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Infestation Rate (%)

Cotton Papaya

Host Plant Type

Tomato Hibiscus

Damage farm form area %

H Cotton
M Papaya
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Discussion and Conclusion

Overview of Phenacoccus solenopsis (Cotton Mealybug)
As illustrated in Table 1, the mealybug species Phenacoccus
solenopsis Tinsley (Hemiptera: Pseudococcidae) is an
invasive pest that develops high population densities. By
extracting essential plant nutrients through sap-sucking,
these insects cause extensive damage to a wide variety of
agricultural and horticultural crops worldwide (Suroshe et
al., 2016) 13,

Life Cycle and Biological Traits

The development of P. solenopsis differs between sexes:
=  Males: Undergo four nymphal instars.

=  Females: Undergo three nymphal instars.

The total lifespan varies significantly depending on whether
the individuals are mated or unmated. Environmental
conditions play a critical role in their proliferation;
specifically, warm and moist temperatures significantly
accelerate their growth rate, leading to increased crop
damage.

Impact on Vegetation and Ecosystems

Mealybugs are primarily sap-sucking insects that target
leaves, stems, and fruits. Severe infestations often lead to
the premature dropping of fruit. Beyond aerial plant parts,
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certain species also attack root systems and basal stems,

particularly where the plant contacts the soil (Mani et al.,

2011) M,

Key characteristics of their spread include:

= Honeydew Secretion: Mealybugs excrete a sticky
substance known as honeydew, which attracts ants.
This symbiotic relationship helps the mealybugs spread
more easily throughout the ecosystem.

= Rapid Dispersal: These pests easily migrate from one
farm to another, disrupting local agricultural
ecosystems.

Host Range and Economic Significance

While some researchers, such as Vennila et al. (2013) 4,

have noted that P. solenopsis is a major pest of weeds,

current observations show widespread infestation across all

cotton-growing regions. As shown in Table 2, their host

range is extensive, including:

= Field & Fiber Crops: Cotton (where it causes major
economic loss).

=  Horticultural Crops: Tomato, papaya, banana, sweet
potato, and hibiscus.

= Plantation Crops: Black pepper, coffee, and betel
vine.

= Ornamentals: Tuberose and various fruit trees.



In India alone, approximately 16 mealybug species are
known to threaten horticultural production. Since the first
decade of the 21st century, P. solenopsis has escalated from
a minor concern to a primary threat to global food security
and economic stability.
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