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Influence of weather parameters on the population dynamics of Papaya mealy-
bugs, Paracoccus marginatus and its natural enemies in Pantnagar, Uttarakhand

DIPTI JOSHI" and POONAM SRIVASTAVA

Department of Entomology, College of Agriculture, G. B. Pant University of Agriculture and Technology,
Pantnagar-263145 (U. S. Nagar, Uttarakhand)
*Corresponding author’s email id: diptiento@gmail. com

ABSTRACT: The papaya mealybug, Paracoccus marginatus Williams and Granara de Willink, is a small hemipteran
pest that attacks important tropical fruits, vegetables and ornamentals. In the present study, the population dynamics of
P. marginatus and its natural enemies, were carried out in randomly selected papaya trees in Pantnagar from August
2023 to July 2024. Study revealed that infestations began in the second fortnight of August 2023, with the pest infesta-
tion (1.8 mealybugs/5cm?/leaf/plant). The population was low during the first fortnight of January but peaked during
the first fortnight of April 2024. During the second fortnight of May, the highest level of P. marginatus infestation was
noticed (147.40 mealybugs/5cm?*leaf/plant), but the population declined during July. The study also examined the
relationship between weather parameters and insect population, indicating a significant positive correlation between
maximum, minimum temperature, sunshine hours, and the pest. The peak population of coccinelid predators like Scymnus
frontalis, Brumoides suturalis, and Cryptolaemus montrouzeiri with 7.0, 3.6, and 3.8 adults/leaf/plant population were
noticed in between second fortnight of April to second fortnight of June. Thereafter, a gradual decline in the population
of all three natural enemies was noticed in July. Weather parameters like maximum, minimum temperature and sun-
shine hours exhibited a positive correlation with the natural enemies, while the morning, evening relative humidity and
rainfall showed a negative correlation. On correlating the natural enemies with the population of P. marginatus, all
three coccinellids exhibited a positive correlation, displaying a substantial positive connections with the population of

P. marginatus.

Key words: Natural enemies, papaya, Paracoccus marginatus, population dynamics, weather parameters

Being a tropical fruit tree, Papaya (Carica papaya
L. ), which is known to have originated from
America, grows quickly and is quite popular for its
fruit, papain, pectin, and antibacterial properties.
Papaya ranks third among commercially grown fruit
crops in lowland tropical and subtropical areas world-
wide. Papayas are long berries with varying diam-
eters, smooth, thin skin, and a greenish-yellow color.
They are a year-round climacteric fruit (Nandini et
al., 2021). Brazil and India are the world’s top pro-
ducers of papayas, but Mexico is the main exporter.
Cultivated papaya trees prove their quick develop-
ment, reaching maturity 9—12 months after planting.
Rich with flavonoids, saponins, papain, and other
vitamins, papaya has a variety of medical applica-
tions, such as antioxidant qualities and the treatment
of cancers like breast cancer and others like
colorectal, prostate, and cervical cancer (Jiao et al.,
2022). Papaya is also used in the production of clean-

ing paper and adhesives for clothing and textiles,
medications and sewage disposal (Banerjee et al.,
2025). Papaya, a super delicious and nutritional fruit
belongs to the family Caricaceae and holds crucial
economic importance. It is predicted in a forecast-
ing study that the area under cultivation and produc-
tion of papaya will reach 1538 hectares and
6,384,220 metric tons, respectively, by 2030 (Sharma
et al., 2024). However, this prediction may be chal-
lenged by multiple biotic and abiotic influences.
Among the biotic factors, the papaya mealybug,
Paracoccus marginatus Williams and Granara de
Willink (Hemiptera:Pseudococcidae) is a polypha-
gous pest which is also a major pest of papaya and
causes a high level of yield loss. In India, agricul-
tural losses due to papaya mealybug were estimated
to be 10-60%, depending on the crop and in some
cases even higher (Watson, 2022). Some studies re-
corded a yield loss of 91% of affected farms in Kenya
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(Macharia et al., 2017). The first infestation of pa-
paya mealybug was detected on July 10, 2008 in the
campus orchard of Tamil Nadu Agricultural Univer-
sity (TNAU) by Muniappan and his team, during IPM
CRSP project network visit. This was the first report
of the papaya mealybug in India and South Asia
(Muniappan et al., 2008). The infestation of mealy-
bug appears as clusters of cotton like mass on the above
ground portion of plants with long waxy filaments.
Immature and adult stages of P. marginatus sucks the
sap of the plant and weaken it. Heavy infestations can
render fruit inedible due to the buildup of thick white
waxy coating. The leaves become crinkled, yellow-
ish and wither. The honeydew excreted by the bug
and the associated black sooty mould formation im-
pair photosynthetic efficiency of the affected plant
(Tanwar et al.,, 2010; Khan and Hossain, 2021).
Clearly specify the rationale behind undertaking this
study and explain how your research is relevant to
papaya cultivation in the current context.

MATERIALS AND METHODS

In order to study the seasonal incidence of papaya
mealybug on papaya, the observations were recorded
at a weekly interval from August 2023 to July, 2024.
The population counts of P. marginatus and its natu-
ral enemies (predators) were carried out on ten ran-
domly selected Papaya plants infested with mealy-
bugs (Fig.1.). The leaves in the selected papaya trees
were tagged (5 leaves per tree) in the Pantnagar re-
gion for collecting data. Observations on number of
live mealybugs per 5cm? leaf area from each tagged
leaf were taken with the help of a scale (fig.2). The
average number of mealybugs per 5cm? leaf areas
was worked out (Aditi ez al., 2025). In case of natu-
ral enemies, complete leaf was considered for count-
ing the adult stage of predator. While the investiga-
tion was done, crop was kept unprotected by any
control measures. The average mealybugs and natu-
ral enemy population per plant was calculated and
the correlation and regression were analysed.

Meteorological Observations

The weekly meteorological data related to the abi-
otic factors viz., temperature (maximum and mini-
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mum), relative humidity (morning and evening) re-
corded at 0712 and 1412 hours, sunshine hours and
total rainfall (in mm) were obtained throughout the
year from the Department of Meteorology, G. B. P.
U. A. T., Pantnagar and the monthly averages and
correlation coefficients were determined.

Statistical analysis

The data was analyzed for correlation between
weather parameters such as minimum and maximum
temperature, Morning, evening relative humidity,
Sunshine hours and rainfall with insect populations
and natural enemies by using SPSS software 16.0.

RESULTS AND DISCUSSION

Seasonal incidence of papaya mealybug with
weather parameters

The data on the incidence of P. marginatus during
2023-2024 in papaya is reflected in Table 1. The
build-up of P. marginatus population was observed
from 35" SMW 2023 (1.8 mealybugs/5cm?/leaf/
plant). The incidence of papaya mealybug increased
gradually and reached its maximum (29.8 mealybugs/
5 cm2/leaf/plant) during 42" SMW. The incidence
of P. marginatus in 1 SMW, 2024 was initially low
(9.6 mealybugs/Scm?/leaf/plant). The population of
the pest was observed to increase steadily during 11
SMW (35.60 mealybugs/5cm?/leaf/plant) as the
maximum, minimum temperature rose to 29°C and
11.3°C, while the rainfall and sunshine hours were
observed to be 0.00mm and 9.5hrs. The population
continued to increase until it reached on peak in the
21st SMW (147.40 mealybugs/5cm?/leaf/plant), but
it started declining from the 23 SMW onwards,
coinciding with the increase in rainfall. The popula-
tion was observed to be (0.0 mealybugs/Scm?/1eaf/
plant) on 27" SMW as the rainfall was at its peak
(331.8mm), and no mealybug activity was recorded
till the 31 SMW.

Seasonal incidence of natural enemies with weather
parameters

From the observed data in Table 1., it is evident that
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Table 1: Seasonal incidence of Papaya mealybug, Paracoccus marginatus on papaya during (August, 2023 to July, 2024)

SMW  Date Weather parameters (Average of last 7 days weather conditions) Mean population of natural enemies
Temperature RH (%) RF (mm) SH  Number of S. B. C.
©C) mealybug frontalis  suturalis montrouzeiri
Max  Min Mor Eve 5cm?*/leaf/plant
32. 06/08/23 32.2 25.7 92.4 76.0 251.2 6 0.0 0.0 0.0 0.0
33. 13/08/23 324 26.1 89.7 69.4 11.8 1 0.0 0.0 0.4 0.0
34, 20/08/23 30.6 25.5 91.6 80.1 110.0 5 0.0 0.6 0.0 0.0
35. 27/08/23 34.0 25.6 91.3 62.1 0.0 0 1.8 0.0 0.6 0.4
36. 03/09/23 343 254 88.4 67.6 42.0 0 0.0 0.0 0.0 0.0
37. 10/09/23 31.0 254 91.1 74.6 1522 2 2.6 0.2 0.6 0.0
38. 17/09/23 32.6 24.6 90.4 69.7 47.4 4 1.4 1.2 1.2 1.6
39. 24/09/23 329 23.5 88.6 57.9 60.2 1 0.0 0.0 0.2 0.4
40. 01/10/23 33.6 22.8 88.7 51.7 0.0 0 4.2 0.0 0.4 0.2
41. 08/10/23 33.0 19.3 79.6 46.7 0.0 0 1.4 0.4 1.6 1.2
42. 15/10/23 30.2 16.3 84.1 48.6 7.4 1 29.8 1.6 0.8 0.6
43, 22/10/23 30.9 14.3 88.9 36.9 0.0 0 29.2 1.0 1.2 1.4
44, 29/10/23 30.4 15.2 86.4  40.7 0.0 0 25.8 0.6 1.0 2.2
45. 05/11/23 28.7 13.8 89.6 41.7 0.0 0 20.0 0.8 1.0 0.4
46. 12/11/23 28.5 12.7 87.1 40.7 0.0 0 18.6 1.2 2.0 1.2
47. 19/11/23 27.4 11.3 91.6 42.3 0.0 0 17.8 1.0 1.2 1.6
48. 26/11/23 26.2 13.0 84.7 49.6 0.0 0 20.4 1.0 1.8 1.8
49. 03/12/23 26.5 10.9 85.3 42.4 1.0 0 134 0.6 0.6 1.8
50. 10/12/23 22.8 5.9 93.6 47.0 0.0 0 9.8 0.4 0.6 0.2
51. 17/12/23 22.9 6.0 92.0 41.6 0.0 0 4.4 0.4 0.4 1.2
52. 24/12/23 22.0 8.4 93.1 59.3 0.0 0 1.4 0.2 0.0 0.4
1 01/01/24 17.52 7.9 94.7 69.7 0.0 2.2 9.60 0.0 0.0 0.0
2 08/01/24 14.1 7.7 93.7 79.4 0.0 0.2 4.00 0.0 0.0 0.0
3 15/01/24 134 6.8 95.7 85.7 0.0 1.2 7.40 0.0 0.0 0.0
4. 22/01/24 13.6 4.6 96.0 77.4 0.0 14 7.80 0.0 0.0 0.0
5. 29/01/24 20.3 7.4 943 55.7 10.0 3.8 2.80 0.0 0.0 0.0
6 05/02/24 20.9 6.9 93.6 51.9 1.6 5.8 1.60 0.0 0.0 0.0
7 12/02/24 254 8.0 92.1 38.1 0.0 7.4 4.20 0.0 0.0 0.0
8 19/02/24 254 8.7 86.6 31.3 2.6 7.3 1.60 0.0 0.0 0.0
9. 26/02/24 24.2 10.4 88.5 52.8 60.8 53 0.20 0.4 0.0 0.0
10. 05/03/24 24.5 9.3 92.3 447 0.0 9.2 5.80 0.0 0.0 0.0
11. 12/03/24 29.0 11.3 87.1 32.6 0.0 9.5 35.60 1.0 0.0 0.0
12. 19/03/24 29.1 12.2 85.7 41.6 0.0 7.9 46.20 2.6 0.0 0.0
13. 26/03/24 333 16.9 76.9 40.6 0.0 8.6 31.40 5.6 1.6 3.6
14. 02/04/24 345 13.2 71.6 16.1 0.0 9.3 70.40 3.6 2.2 3.8
15. 9/04/24 35.5 16.2 58.4 22.1 0.0 8.3 74.20 4.2 1.8 1.4
16. 16/04/24 37.0 18.7 57.4 18.4 0.0 9.0 101.00 2.8 1.4 1.6
17. 23/04/24 384 18.2 61.4 14.1 0.0 10.3 137.20 4.2 1.6 2.2
18. 30/04/24 37.7 17.8 55.1 17.4 0.0 9.6 129.40 7.0 2.2 1.8
19. 7/05/24 355 23.1 61.7 40.3 0.8 7.3 84.80 3.8 1.2 2.8
20. 14/05/24 39.9 24.1 52.2 24.7 0.0 9.2 79.20 1.2 2.2 34
21. 21/05/24 38.9 27.4 54.7 359 0.0 8.9 147.40 1.8 1.8 1.6
22. 28/05/24 41.7 27.9 514 30.6 0.0 9.7 141.20 2.8 1.4 1.6
23. 04/06/24 39.5 24.0 56.1 27.1 1.6 9.7 25.80 4.6 1.6 1.4
24. 11/06/24 42.6 26.6 54.1 26.0 0.0 10.6 120.80 6.4 1.6 1.4
25. 18/06/24 39.5 27.8 66.9 441 44 7.5 21.60 2.8 3.6 1.2
26. 25/06/24 34.1 27.1 80.7 65.0 58.0 2.9 8.80 14 2.2 1.6
27. 02/07/24 29.5 25.0 90.9 89.1 3318 1.4 0.00 0.0 0.0 1.0
28. 9/07/24 33.1 25.1 87.3 67.6 62.0 34 0.00 0.0 0.8 0.4
29. 16/07/24 33.9 27.3 85.4 69.0 75.4 6.9 0.00 0.0 0.0 0.0
30. 23/07/24 344 22.8 87.3 70.4 58.6 6.0 0.00 0.0 0.0 0.0
31 30/07/24 329 26.3 86.7 74.6 110.0 4.5 0.00 0.0 0.0 0.0

SMM- Standard Meteorological Week, Max. - Maximum, Min. - Minimum, RF- Rainfall, SH-Sunshine, Mor. RH- Morning Rela-
tive Humidity, Eve. RH- Evening Relative Humidity
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Table 2: Correlation between the population dynamics of Paracoccus marginatus, natural enemies and weather factors
during 2023-24

Variable Temp. RH RF SH
Max. Min. Mor. Eve.

Paracoccus marginatus 0.568™ 0.223 -0.870™ -0.697 -0.294" 0.631™

Scymnus frontalis 0.573™ 0.205 -0.794" -0.668" -0.272 0.629™

Brumoides suturalis 0.607" 0.327 -0.709™ -0.580™ -0.295" 0.289"

Cryptolaemus montrouzeiri 0.491™ 0.171 -0.640™ -0.593™ -0.229 0.304

“Correlation is significant at the 0.01 level (2-tailed); "Correlation is significant at the 0.05 level (2-tailed).
Max temp= maximum temperature; Min. temp= minimum temperature; RH mor. = Relative Humidity Morning, RH eve. = Relative
Humidity evening, RF=Rainfall, SH= Sunshine Hours

Table 3: Correlation between the population dynamics of Paracoccus marginatus, and natural enemies during 2023-24

Variable Scymnus frontalis Brumoides suturalis Cryptolaemus montrouzeiri

Paracoccus marginatus 0.76" 0.70" 0.82"

“Correlation is significant at the 0.01 level (2-tailed).

Fig 1: Papaya plants selected for the Fig2: Counting of mealybugs for popu-  Fig 3: Heavy infestation of papaya mea-

study lation dynamics lybug
Fig 4: Predator Scymnus frontalis Fig 5: Predator Brumoides suturalis Fig 6: Predator Cryptolaemus
montrouzeiri

the maximum, minimum temperature and Sunshine  gysr4lis, and Cryptolaemus montrouzeiri. The peak
hours were beneficial for the development of allthree  incidence of S. frontalis, B. suturalis, and C.

predatory beetles Scymnus frontalis, Brumoides — montrouzeiri with 7.0, 3.6, and 3.8 adults/leaf/plant
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population was recorded in the 18", 25% and 14"
SMW, respectively. Thereafter, a gradual decline in
the population of all three natural enemies i. e. S.
frontalis, B. suturalis, and C. montrouzeiri from 27",
and 29 SMW, respectively, were noticed.

Seasonal incidence of natural enemies with papaya
mealybugs

During the experiment, it was clear that the popula-
tion of coccinellid predators increased along with
the population of their prey, and that the subsequent
predator and prey population fluctuations occurred
at the same time. The peak period of S. frontalis fell
in between 13" to 18" SMW, while the population
of B. suturalis hiked up between 14" to 25" SMW
and the peak population of C. montrouzeiri was mea-
sured in the period between 13% to 20" SMW, pre-
cisely corresponded with P. marginatus.

Correlation of mealybug population with weather
parameters

Data on mealybugs for the year 2023-2024 (Table
2), when analysed against weather parameters, was
found to be positively correlated with maximum tem-
perature, minimum temperature, and sunshine hours,
exhibiting Pearson’s correlation coefficients (r val-
ues), r=0.568", r=0.223, and r=0.631 respectively,
all at a significance level of p=0.01. Whereas, the
population was significant and negatively correlated
with morning RH (r=-0.870) and evening RH (r=-
0.697), and rainfall (r=-0.294").

Correlation of natural enemies with the popula-
tion of P. marginatus and weather parameters

The coccinellid predators, Scymnus frontalis,
Brumoides suturalis, and Cryptolaemus
montrouzeiri, are always connected to the popula-
tion of P. marginatus. It is clear from the Table 3
that the populations of all three coccinelids displayed
a substantial positive connection with the popula-
tion of P. marginatus. The correlation coefficients
for S. frontalis, B. suturalis, and C. montrouzeiri were
found to be significantly positively correlated as r=
0.76", r=0.70 and r= 0.82 respectively. The data on
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correlation of natural enemies with weather param-
eters (Table 2) showed that the occurrence of preda-
tor S. frontalis was positively correlated with maxi-
mum (r=0.573), minimum temperature (r= 0.205),
and sunshine hours (r=0.629) during the year 2023-
2024. Morning, evening relative humidity and rain-
fall showed significantly negative correlation exhib-
iting Pearson’s correlation coefficients (r = 0.794),
(r=-0.668), and (r= -0.272), respectively. Another
predator, B. suturalis, when correlated with weather
parameters, showed a significant positive correla-
tion with maximum temperature (r=0.607), minimum
temperature (r=0.327) and sunshine hours (r=0.289).
Whereas, significantly negative correlations were
recorded with morning RH (r=-0.709), evening RH
(r=-0.580) and rainfall (r=-0.295). Weather param-
eters significantly influenced the development of the
C. montrouzeiri population on papaya and showed
significant positive correlation with maximum (r =
0.491), minimum temperature (r =0.171) and sun-
shine hours (r=0.304"). On the other hand, the morn-
ing relative humidity, evening relative humidity and
rainfall showed highly significant negative correla-
tion, (r=-0.640), (r =-0.593) and (r =-0.229), respec-
tively.

The buildup of P. marginatus began from 34" SMW
2023 (1.8 mealybugs/5 cm?/leaf/plant), gradually the
population reached to its maximum by the 42" SMW
2023 (29.8 mealybugs/5 cm?/leaf/plant) during 42"
SMW and gave a strong significant positive correla-
tion with max., min. temperature, and sunshine hours
aligning somewhat with Aditi ez. al. (2025), who
observed the peak activity of P. marginatus on pa-
paya (91.5 mealybugs/5 cm*leaf/plant) during 40
SMW, also showed significant positive correlation
with maximum temperature (r = 0.392) and sunshine
hours (r=0.436). Baidya and Chatterjee (2020) also
observed the peak population of papaya mealy bug
in between 31st and 35th SMW, respectively with
61.9 and 164.9 number of nymph and adult per 10
cm twig. The continuous increase and sudden de-
cline of pest population is also supported by the re-
ports by Khan and Hossain (2021) who recorded the
highest number of papaya mealybugs (128 mealy-
bugs/leaf), during 26" SMW. Similarly, the experi-
mental results by Hazarika and Dutta (2020) revealed
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that the first peak population of the mealybugs was
recorded on 18-19" SMW with a mean population
of 138.00 mealybugs per leaf on papaya.

In case of predators, we observed the peak incidence
of all three coccinelids, S. frontalis, B. suturalis, and
C. montrouzeiri during 18", 25" and 14" SMW which
were 7.0, 3.6, and 3.8 adults/leaf/plant, respectively.
These findings were seen to be in conformity with
the results reported by Gurung et al. (2018) who
observed the highest population of C.
septempunctata on wheat in 11" SMW (1.72/plant)
when temperatures were slightly higher and humid-
ity was lower. In present study, the data on natural
enemies was found to be positively correlated with
max. temp., min. temp. and sunshine hours during
the year 2023-2024. S. frontalis was positively cor-
related with maximum (r= 0.573), minimum tem-
perature (r= 0.205), and sunshine hours (r= 0.629)
while morning, evening relative humidity and rain-
fall showed significantly negative correlation exhib-
iting Pearson’s correlation coefficients (r =-0.794),
(r=-0.668), and (r=-0.272), respectively. B. suturalis
exhibited positive correlation with the maximum
temperature (r=607), min. temperature (r=0.327) and
sunshine hours (r=0.289), whereas, significantly
negative correlations were recorded with morning
RH (r=-0.709), evening RH (r=-0.580) and rainfall
(r=-0.295). Dhaka and Pareek (2007) revealed a sig-
nificantly negative correlation of coccinellid beetles
with evening RH (r = —0.320) and rainfall (r = —
0.390). In present study, the weather parameters sig-
nificantly influenced the development of the C.
montrouzeiri population on papaya and showed sig-
nificant positive correlation with maximum (r =
0.491), minimum temperature (r =0.171) and sun-
shine hours (r = 0.304) while, the negative correla-
tion was found with morning relative humidity (r =-
0.640), evening relative humidity (r =-0.593) and
rainfall (r =-0.229) as shown in the Table 2. The
present study indicates that the population of
coccinellid predators increased in parallel with the
population of mealybugs. Similar results were re-
corded by Singh and Kumar (2012), whose results
indicated the average maximum population of
Coccinellids at peak when the mealybug population
was also at its peak i. e., 120.20 mealybugs/plant.
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The correlation coefficients were found to be sig-
nificantly positively correlated with mealybugs for
S. frontalis (r=0.76"), B. suturalis (r=0.70), and C.
montrouzeiri (r= 0.82) which partially aligns with
Saikia et al. (2023), who reported a significant strong
positive correlation between coccinellid predators
and P. marginatus, for Coccinella septempunctata
(r=0.70) and for Coccinella transversalis (1=0.82)
and Micraspis discolour (r=0.82). Srijaet. al. (2024)
revealed that the population of coccinellids was non-
significantly positively correlated with the tempera-
ture maximum (r = 0.288), sunshine hours (r=0.158)
and negatively correlated with morning RH (r = -
0.023) and evening RH (r = -0.396), these results
support the findings of our study. Baidya et al. (2020)
also observed positive correlation between the popu-
lation of C. septempunctata and maximum tempera-
ture (r=0.057), while negative correlation with morn-
ing RH (r=-0.002). A study by Dhaka and Pareek
(2007) revealed a significantly negative correlation
of coccinellid beetles with evening RH (r=-0.320)
and rainfall (r =—0.390). The present studies are in
agreement to that of Gaikwad et al. (2018) who
claimed that in their study, highly significantly posi-
tive correlation was noticed with maximum tempera-
ture (r=0.280) and sunshine hours (r=0.316),
Whereas it correlated non-significantly negative with
rainfall (r=-0.112) and morning (r=-0.595) and
evening (r=-0.453) relative humidity.

CONCLUSION

The incidence of mealybugs was supported by the
increasing temperature and sunshine hours. Before
managing any pest, it’s important to analyse the cor-
relation between pest occurrence and weather fac-
tors, it becomes easier to identify the climatic con-
ditions that affect pest populations. For a non-man-
ageable pest like P. marginatus, the study of natural
enemies has an impact, as the synchronization of the
natural enemies with the pest would help in keeping
the pest in control. Farmers can control the pest only
when they are aware of the weather factors that help
the pest to prevail. Our study will encourage farm-
ers to adopt effective crop management strategies
based on the crop’s growth stage and prevailing
weather factors.



[Vol.23 (2) May-August 2025]

REFERENCES

Aditi, Mahla, M. K., Babu, S. R., Singh, V. and Ojha,
M. L. (2025). Seasonal incidence of papaya
Mealybug, Paracoccus marginatus (Will-
iams and Granara de Willink) in Southern
Rajasthan. International Journal of Ad-
vanced Biochemistry Research, 9 (5): 346-
350.

Baidya, A. and Chatterjee, M. (2020). Studies on the
seasonal incidence of different insect pests
and their natural enemies of Mulberry and
their correlation with weather parameters
under Terai Region of West Bengal. Jour-
nal of Entomology and Zoology Studies, 8
(1): 1235-1239.

Banerjee, A., Chawla, H., Singh, K., Singh, R. P,,
Singh, D., Shekhar, G., Kumar, V. and
Mishra, S. (2025). A comprehensive study
on papaya cultivation: A review. Pant Ar-
chives, 25 (1):809-816. https://doi. org/
10.51470/PLANTARCHIVES.2025. v25.
no.1.122

Dhaka, S. R. and Pareek, B. L. (2007). Seasonal in-
cidence of natural enemies of key insect
pests of cotton and their relationship with
weather parameters. Journal of Plant Pro-
tection Research, 47 (4).

Gaikwad, S. M., Pavan, S. and Patil, S. K. (2018).
Seasonal incidence of papaya mealybug,
Paracoccus marginatus Williams and
Granara de Willink and its natural enemies
with weather parameters. Journal of Phar-
macognosy and Phytochemistry, 7 (6): 2649-
2652

Gurung, B., Ponnusamy, N. and Pal, S. (2018). Ef-
fect of weather parameters on population
dynamics of Coccinellids on different crop
ecosystems. Journal of Agrometeorology, 20
(3): 254-255.

Hazarika, M. and Dutta, S. (2020). Population dy-
namics of papaya mealybug, Paracoccus
marginatus Williams and Granara de Willink
on three different host plants. Journal of
Entomology and Zoology Studies, 8 (4):291-
296. https://www. doi. org/10.33545/
26174693.2025. v9. 15Se.4423

Pantnagar Journal of Research 206

Jiao, M., Liu, C., Prieto, M. A., Lu, X., Wu, W., Sun,
J. and Li, N. (2022). Biological Functions
and Utilization of Different Part of the Pa-
paya: A Review. Food Reviews Interna-
tional, 39 (9):6781-6804. https://doi. org/
10.1080/87559129.2022.2124415

Khan, M. M. H. and Hossain, M. N. (2021). Inci-
dence, abundance and damage of papaya
mealybug in southern part of Bangladesh
and its management. J. Asiat. Soc.
Bangladesh Sci., 47 (2): 109-120. https://doi.
org/10.3329/jasbs. v47i2.57275

Macharia, 1., Kimani, E., Koome, F., Kosiom,
T., Heya, H., Otipa, M. and Oronje, M.
(2017). First Report and Distribution of the
Papaya Mealybug, Paracoccus marginatus,
in Kenya. Journal of Agricultural and Ur-
ban Entomology, 33 (1): 142-150. https://
doi. org/10.3954/JAUE17-02.1

Muniappan, R., Shepard, B. M., Watson, G. W.,
Carner, G. R., Sartiami, G., Rauf, A. and
Hmming, M. D. (2008). First report of pa-
paya mealybug, Paracoccus marginatus
(Hemiptera: Coccoidea: Pseudococcidae) in
Indonesia and India. J. Agric. Urban
Entomol, 25 (1): 37-40.

Nandini, C., Madhunapantula, S. V., Bovilla, V. R.,
Ali, M., Mruthunjaya, K., Santhepete, M.
N. and Jayashree, K. (2021). Platelet en-
hancement by Carica papaya L. leaf frac-
tions in cyclophosphamide induced throm-
bocytopenic rats is due to elevated expres-
sion of CD110 receptor on megakaryocytes.
Journal of Ethnopharmacology, 275:0378-
8741.  https://doi. org/10.1016/j.
jep.2021.114074.

Saikia, N., Dutta, R. B. and Saikia, H. (2023). Im-
pact of natural enemies and meteorological
factors on papaya mealybug (Hemiptera:
Pseudococcidae) in mulberry. International
Journal of Pest Management, 71:2,151-158,
https://doi. org/10.1080/
09670874.2022.2164091

Sharma, S., Gupta, R. K., Rana, V. S., Sankhyan, N.,
Sharma, U and Sharma, S. (2024). Forecast-
ing the Future of Papaya in India: Predict-
ing Area and Production Through



207 Pantnagar Journal of Research

Autoregressive Integrated Moving Average.
Applied Fruit Science, 66:183—191. https://
doi. org/10.1007/s10341-023-01009-0

Singh, A. and Kumar, D. (2012). Population dynam-
ics, biology of mealybug Phenacoccus
solenopsis (Tinsley) and its natural enemies
in Vadodara, Gujarat. Recent Research in
Science and Technology, 4 (11): 22-27.

Srija, P., Shankar, M., Reddy, S. S. and Reddy, V. R.
(2024). Seasonal Incidence of Major Insect
Pests in Relation to Abiotic Factors in Mus-
tard. Journal of Advances in Biology & Bio-
technology, 27 (8):851 56. 10.9734/jabb/
2024/v27181205

[Vol.23 (2) May-August 2025]

Tanwar, R. K., P. Jeyakumar, and S. Vennila. (2010).
Papaya mealybug and its management strat-
egies. Technical Bulletin 22. National Cen-
tre for Integrated Pest Management, New
Delhi, Pp1-20.

Watson, G. (2022). Paracoccus marginatus (papaya
mealybug) cabicompendium.39201, CABI

Compendium, doi:10.1079
cabicompendium.39201, CABI Interna-
tional.

Received: July 10, 2025
Accepted: July 21, 2025



