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Biology and morphometrics of cocoa mealy bug, Planococcus lilacinus (Cockerell)
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ABSTRACT: Investigation on the biology of Cocoa mealy bug, Planococcus lilacinus was carried out at College of 
Agriculture, Navile, UAHS, Shivamogga during 2016-17 and study revealed that the fecundity of mealy bugs ranged 
from 130 to 288 eggs per female with mean±SD of 216.5±47.17. Female mealy bugs had only three instars, while the 
males had four instars. Total nymphal duration ranged from 16 to 24 days with mean±SD of 20.17±3.52. The total life 
cycle of the female mealy bug, P. lilacinus ranged from 27 to 41 days and that of males ranged from 20 to 32 days with 
mean±SD of 33.83±5.54 and 26.22±5.79, respectively.
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ABSTRACT: The injection of exogenous materials into plant system for pest management is being followed since 
early years of twentieth century. Numerous studies on the tree injection have been done to explore the possibility of 
injecting chemicals into trees. Root feeding, stem or trunk injection have received significant results of nutrient and pest 
or disease management across the world. Owing to the  practical difficulties in foliar application of pesticides in tall 
trees like coconut, tree injection  became an alternative mode of pesticide delivery to target site. Although tree injections 
have some limitations, they also have some specific advantages over other methods of management such as minimized 
use of water and chemicals, reduction in the labour cost, effective management of target pests and environmental safety 
as non-target organisms can be protected from the effect of pesticides. Serious efforts are needed to standardizing of 
the technologies of administration for various chemicals under diverse environmental conditions to make it easy and 
ultimate for specify host plant / nutrient condition which cannot be properly addressed by other methods.
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INTRODUCTION

The injection of various exogenous materials into 
plants have been implemented as early in the middle of 
the twentieth century (Perry et al., 1991) and expanded in 
the 1970s. Early literatures show that supply of water to 
young transplanted trees through the cut end of the root 
was successful, thus suggested the possibility of injecting 
chemicals into trees (Cott, 1897). During 1910, tree 
injection with specific chemical, potassium ferrocyanide 
was reported for the control of insect pests (Sanford, 
1914; Shattuck, 1915). A review on ‘Methods of Tree 
Injection’ by May (1941) created interest for injection 
studies on plants. Gravitational method of liquid injection 
was reported to control the red palm weevil of coconut 
(Davis et al., 1954). Later the method of trunk injection 
with systemic insecticides has become an important 
practice against various insect pests that are difficult to 
control (Ginting and Desmier, 1987). During that period 
numerous studies on the tree injection have been done by 
North American researchers (Ferry and Gomez, 2013). 
A´cimovi´c et al. (2016) examined injection port damage 
and wound closure in apple trees. Similarly, Dalakouras 
et al. (2018) inspected the movement of hairpin and 
small-interfering RNAs in apple and grape trees. Uptake 
and translocation of antibiotics into the tree system was 
explored by Killiny et al. (2019). Berger and Laurent 
(2019) focuses on modern injection technologies and 

factors affecting the efficacy of chemicals. Leigh et al., 
(2022) reviewed the concepts of trunk injection method, 
physiological principles and concerns associated with 
the injection method. 

Considering the tree architecture of coconut, the palms 
have been exploited for pesticide administration through 
injection for management of different insect pests. 
Coconut palm, Cocos nucifera L. which belongs to family 
Arecaceae has been variously described as “console of the 
east”, “the tree of heaven”, the ‘Kalpavriksha’ because 
of its great versatility demonstrated for many domestic, 
commercial and industrial uses of its different parts like 
leaves, fruits, stem and roots. In India, coconut is grown 
under varied soil and climatic conditions in 17 States and 
3 Union Territories. The decrease in yields of coconut 
has been attributed to a number of factors consisting 
of biotic and abiotic factors. Among the biotic factors, 
the insect pests and mites are very important. Amongst 
foliage pests, coconut black headed caterpillar, Opisina 
arenosella Walker (Lepidoptera: Oecophoridae) is one 
of the major and serious pests of coconut palm in India, 
Srilanka, Bangladesh and Myanmar. The pest during its 
larval stage causes serious damage to the leaves of the 
palm. In case of severe infestation, several hundreds or 
thousands of larvae could be observed on a single palm 
and affected palm often take several years to recover 
completely (Ramkumar, 2002). 
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ABSTRACT:The melon borer, Diaphania indica (Saunders) (Lepidoptera: Pyralidae), is a serious pest of tropical and
subtropical cucurbitaceous vegetables. A suitable artificial diet is desirable for producing uniform insects for commercial
purposes or research. Four new artificial diets (D-1, D-2, D-3 and D-4) and bitter gourd, the natural host plant of D. indica,
were used for rearing D. indica, and the life parameters were compared. The results indicated that insects could complete a
full life cycle after 3 generations, only when the larvae were fed bitter gourd or the diet D-1.The new artificial diet, D-1 was
formulated based on bitter gourd leaves, Momordica charantia (L.) and chick pea, Cicer arietinum L. Developmental
parameters like egg hatching, larval duration and longevity of the adult reared on the D-1 artificial diet were found to be
significantly improved relative to the other three diets (D-2, D-3 and D-4), but were not significantly better than those reared
on the host-plant bitter gourd. However, the rearing efficiency (i.e., larval - pupal survival, developmental duration of pupa
and fecundity of adults,) on the D-1 diet was on par with the rearing efficiency on bitter gourd. There were no significant
changes in reproductive potential after five successive generations of rearing on the new diet. These results indicated that
the newly developed diet could serve as a viable alternative to bitter gourd plant for continuous rearing of D. indica.

Keywords: Diaphania indica, artificial diet, reproductive potential, mass production

INTROUCTION
Diaphania indica (Saunders) (Lepidoptera :

Pyralidae), known as melon borer, is one of the key pests
of cucurbitaceous vegetables like cucumber, muskmelon,
gherkin, bottle gourd, bitter gourd, snake gourd and so
on (Pandy, 1977; Ravi et al., 1998; Tripathi & Pandy,
1973, Segeren 1983, Viraktamath et al., 2003). D. indica
has been reported from South America, the Indian
subcontinent, Far East, South East Asia, the Pacific
islands, Australia, and Africa, as causing damage to one
or the other cucurbit round the year (Ke, Li, Xu &
Zheng, 1988; Peter & David, 1990; Ravi et al., 1997,
1998; Radhakrishnan & Natarajan, 2009, Capinera, 2001;
Peter & David, 1991). The larvae of D. indica feed on
flowers, leaves and fruits of cucurbits and cause 14% -
30% yield loss in different cucurbit crops (Jhala et al.,
2005; Singh and Naik, 2006). In order to make and
streamline pest control strategies, studies must be focused
on the biology, bionomics, behaviors, and ecology of the
pest. One has to coordinate these studies for the
availability of a nonstop and satisfactory supply of high
quality experimental insects. Development of artificial diet
has a distinct advantage in that the insect can be reared

throughout the year.There were not many serious
attempts to mass multiply D. indica in the laboratory.
However Ranganath et al. (2006) concentrated on
developing a cost-effective mass rearing techniques for
D. indica. Nevertheless, there are various issues related
to the artificial diet for the continuous rearing of this
species. The disadvantages include difficulty in the
accessibility of some of the components such as tender
gherk in fruit powder throughout the year and incapability
of the diet tosupport the egg and first instar development.
Therefore, artificial diet for this species should be
enhanced for nonstop rising in the laboratory to deliver
a large amount of uniform insects. Hence the point of
this study was to build up an artificial diet suitable for
the constant rearing of D. Indica without a loss of vigor
or reproductive potential.

MATERIALS AND METHODS
Experimental insects

A laboratory culture of D. indica was established in
the Bio control laboratory of Indian Institute of
Horticultural Research (ICAR-IIHR), Bengaluru, India
(12
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INTRODUCTION

Cocoa is the third important beverage crop next to 
coffee and tea, and is the third highest traded commodity 
in the world. Cocoa is the dried and fully fermented fatty 
seed of the Cocoa tree from which chocolate is made. 
“Cocoa” can often also refer to the drink commonly known 
as hot chocolate. This Cocoa has several constraints for 
attaining its maximum yield potential, which include the 
problem of pest and diseases, nutritional imbalance, water 
stress etc. Among these problem of pests would bring 
about loss in the yield to the greater extent. Though over 
150 different insects are known to feed on Cocoa, only 
about 2 per cent are of economic importance. However, 
when Cocoa is introduced into a new area, a previously 
unrecorded pest almost invariably attacks it. Mirid bugs 
such as Helopeltis antonii Signoret, H. bradyii Waterhouse 
are the most significant and widely occurring insect pests 
of Cocoa. The Cocoa pod borer and mealy bugs are the 
major pests in South East Asia. Mealy bugs are generally 
not only major pest themselves, but are well known vector 
for viruses that are known to transmit Cocoa swollen 
shoot virus (Strickland, 1951). Mealy bugs are one of 
the destructive insect pests and damage a wide range of 
horticultural and agricultural crops such as Cocoa, Coffee, 
Guava, Solanum spp, citrus (Bodenheimer, 1951). There 
have been about 175 genera belonging to 74 families of 
mealy bugs described so far (Ben-Dov, 2007). But a few 
are known to cause more severe damage. Many species 
of mealy bugs (Hemiptera: Pseudococcidae) have become 
serious invasive pests when introduced into new areas 
beyond their native (or natural) distribution (Miller et al., 
2002). Planococcus lilacinus Cockrell is polyphagous and 
is common in southern Asia where it attacks fruit trees 
and is often important on coffee in southern India. About 
ten species of mealy bugs are known to attack Cocoa crop 

(Campbell, 1983). There exists a sexual dimorphism in 
mealy bugs. Females pass through three nymphal instars 
and males will undergo four nymphal instars (Babu and 
Azam, 1987). There are no concentrated research studies 
on biology of cocoa mealy bug. Hence, the present 
research on biology of Cocoa mealy bug, Planococcus 
lilacinus (Cockerell) was undertaken.

MATERIALS AND METHODS

Collection and maintenance of culture

The laboratory experiment was conducted in the 
Department of Agricultural Entomology, College of 
Agriculture, Navile, UAHS Shivamogga. Biology of 
the pest was carried out on tender Cocoa pods collected 
from the Cocoa plants in the field. The maximum and 
minimum temperatures during the study period were 
27.25 °C and 18.2 °C, respectively. The relative humidity 
morning (RH-I) and evening (RH-II) were 60.5 and 32.6 
per cent, respectively.

To know the biology of mealy bug, P. lilacinus on 
Cocoa, small healthy tender pods were brought from the 
field and washed thoroughly with wet cotton to remove 
dirt and other particles on the pods. The egg mass and 
neonate crawlers identified in the field were brought to 
the laboratory (Vennila et al., 2010) and were released on 
fresh mature pod to establish pure culture, and were kept 
undisturbed until they attain adult stage. The full grown 
adult females and fourth instar males were collected and 
released separately on fresh cocoa pods for further studies.

Pre-oviposition period, Fecundity and Incubation 
period

To study the pre oviposition period we released a pair 
of male and female mealybugs on each pod in replications. 
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They were observed for the appearance of the ovisacs 
(mass of eggs). Later, the period up to the formation of 
first ovisac was considered as pre-oviposition period 
which was covered by cottony woolly mass.

In the above set of experiment after noting the pre 
oviposition period, the adult females were undisturbed 
and left for production of ovisacs. The ovisacs from 
individual females were taken separately and were 
observed under microscope for the number of eggs until 
the end of their fecundity period.

Twenty freshly laid eggs from ovisacs were collected 
and placed separately on tender pods with the help of 
Camel hair brush into the petri plates containing fresh 
pods. The period between egg laying to egg hatching was 
taken as the incubation period.

Duration of different stages

After the eggs hatched into nymphs, the duration of 
different nymphal instars from first to third instar nymphs 
was recorded by observing the moulted skin at the end 
of each instar (Satpute et al. 2011). After the end of third 
instar, they were observed for the presence of wing buds. 
If the wing buds were found, they were designated as 
males (Maheshkumar and Balikai, 2009), otherwise 
as females. Longevity of adult male and female was 
recorded. The morphometric data, length and width of 
the mealy bugs at each instar was observed with ocular 
lens fixed to the microscope. The weather parameters 
like relative humidity and temperature during the rearing 
period were recorded.

RESULTS AND DISCUSION

Pre-oviposition period, oviposition period and 
fecundity

The pre-ovipositional period of P. lilacinus ranged 

from 4 to 7 days with an average of 5.50 ± 1.41 days 
during summer season. Oviposition period ranged 
from 5 to 8 days with an average of 6.33 ± 1.22 days 
(Table 1). Our results were nearly similar to the results 
obtained by Maheshkumar and Balikai (2009) where 
the pre-oviposition period of M. hirsutus on pumpkin 
ranged from 6 to 7 days with an average of 6.4 ± 0.56 
days.

The ovisacs from individual females were taken 
and were observed under microscope for the number 
of eggs in each ovisac until the completion of their 
oviposition period where each female individual laid 
eggs in ovisacs and sometimes in group of batches. 
The fecundity ranged from 130-288 eggs per female 
with an average of 216.5 ± 47.17 eggs (Table 1). Some 
females also reproduced parthenogenetically and 
such females produced first instar nymphs directly. 
Previous findings of Babu and Azam (1987) showed 
that Maconellicoccus hirsutus laid minimum of 114 
eggs and maximum of 509 eggs. The parthenogenetic 
reproduction which was observed in our experiment 
was in line with the prior findings of Vennila et 
al. (2010) who reported that parthenogenesis was 
also dominant in cotton mealy bug, Phenacoccus 
solenopsis. Parthenogenetically reproduced females 
showed dynamic patterns of fecundity where in the 
number of crawlers per female ranged from 128 to 812 
with a mean of 344 ± 82.

The fresh laid eggs were translucent yellowish or light 
yellow in colour. They were elongated and oval in shape. 
The translucent eggs became pinkish yellow in colour 
towards hatching. The incubation period of cocoa mealy 
bug varied from 3-5 days in the month of February with 
an average of 4.05 ± 0.86 days (Table 1). The results of 
Mani (1986) showed that, the average incubation period 
for grape mealy bug was 5.15 days and our results are 
quite close to their findings.

 Table 1. Pre-oviposition period, fecundity and incubation period of Planococcus lilacinus

Pre-oviposition period Oviposition period Fecundity Incubation period

Range
(days)

Mean±SD
(days)

Range
(days)

Mean±SD
(days)

Range
(Eggs/female)

Mean
±SD

Range
(days)

Mean±SD
(days)

4-7 5.50±1.41 5-8 6.33±1.22 130-288 216.5±47.17 3-5 4.05±0.86

Duration of nymphal period at different nymphal instars of Planococcus  lilacinus

Nymphal stage 1st instar 2nd instar 3rd instar 4th instar 
(only male)

Total nymphal period

Range (days) 3-5 3-5 7-10 3-4 16-24

Mean ± SD (days) 4.40±0.49 4.16±0.50 8.11±1.83 3.5±0.70 20.17±3.52

Number of sample, n=20
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Duration of nymphal stages

The results on duration of different nymphal instars 
on Cocoa pod observed during the experimental period 
are represented in Table 1. It was observed that females 
had only three instars while the males had four instars. 
The present results are in agreement with the previous 
findings of Seni and Sahoo (2011) who investigated the 
biology of mealy bug, Rastrococcus iceryoides (Green) 
on Citrus, and recorded that the female and male nymphs 
moulted thrice and four times, respectively. Satpute et 
al. (2011) also reported that the female mealy bugs of P. 
solenopsis had three nymphal instars whereas the males 
possessed a pupal stage.

Soon after the hatching of eggs, the first instar 
nymphs became translucent yellowish in colour, and 
after a day they turned to pinkish yellow. The neonate 
nymphs (a day old crawlers) were oval in shape and 
they were highly motile with diagonally held antennae. 
The nymphal duration of first instar ranged from 3 to 
5 days with an average of 4.40 ± 0.49 days (Table 1). 
The mean length of first instar nymph ranged from 1.0 
to 1.65 mm with an average of 1.44 ± 0.29, and the body 
width ranged from 0.57 to 0.93 mm with an average of 
0.68 ± 0.08 (Table 2). Towards the end of first instar, the 
crawlers colour started turning pinkish white and were 
slow in movement.

Table 2. Morphometric data of Cocoa mealy bug, Planococcus lilacinus

Insect stage Mean length (mm) Mean width (mm)

Range Mean ± SD Range Mean ± SD

1st instar 1.0-1.65 1.44±0.29 0.57-0.93 0.68±0.08

2nd instar 2.25-3.12 2.87±0.35 1.18-1.72 1.48±0.16

3rd instar 4.64-6.75 5.61±0.61 2.40-3.14 2.71±0.26

4th instar (male) 3.0-3.10 3.05±0.07 1.02-1.11 1.06±0.65

Adult female 7.0-8.84 7.94±0.75 2.75-4.10 3.76±0.92

Adult male 3.5-3.8 3.65±0.21 2.15-2.20 2.17±0.12

Number of sample, n=20

The second instar nymphs were larger in size than first 
instar nymphs and the body was pinkish in colour with 
appearance of white with waxy secretions on the body. It 
was sluggish and became stationary on some part of the 
pod. The duration of second instar nymph ranged from 
3 to 5 days with a mean of 4.16 ± 0.50 days. The body 
length ranged from 2.25 to 3.12 mm with an average of 
2.87±0.35. The body width ranged from 1.18-1.72 mm 
and the average was 1.48±0.16 (Table 2). The second 
instar nymph was pinkish in colour with mealy matter 
covering all over the body and settled at one place.

Soon after the moulting of second instar nymph, the 
third instar mealy bug increased its size and the duration 
of third instar nymph (last instar for female) lasted for 
longer time compared to other instars for 7 to 10 days and 
the average was 8.11 ± 1.83 (Table 1). Their mean body 
length ranged from 4.64 to 6.75 mm, with an average of 
5.61±0.61. Similarly the body width ranged from 2.40 to 
3.14 mm and the average was 2.71±0.26 (Table 2).

Fourth instar nymph was observed only in males. 
Since the male to female ratio in mealy bugs is very 
high, fewer males were found. Fourth instar period 
ranged from 3 to 4 days with an average of 3.5 ± 0.70. 
There was gradual reduction in the size of the males in 
this stage where the mean length ranged from 3.0 to 3.10 
mm and average was 3.05 ± 0.07. The width ranged 
from 1.02-1.11 with a mean of 1.06 ± 0.65 (Table 2). 
The fourth instar had the small wing buds visible under 
stereomicroscope and mealy matter covered fully in the 
posterior region.

The present results on duration of different 
nymphal instars are in line with the earlier 
findings of Muthulingam and Vinobaba (2013) 
who reported that the nymphal duration of  
P. solenopsis lasted for an average of 3.24 ± 2.11, 4.75 ± 
3.28, 5.20 ± 0.45 days for first, second and third instars, 
respectively. They also noticed that males had four instars 
as compared to females, which had only three instars.

Venugopal H. M et al.
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Total nymphal duration ranged from 16 to 24 days 
and the average duration was 20.17 ± 3.52 days (Table 
1). Tanwar et al. (2007) carried out the biology of M. 
hirsutus, and reported that the total nymphal duration 
of mealy bugs lasted for 22–25 days. Seni and Sahoo 
(2011) who worked on the biology of Citrus mealy bug, 
R. iceryoides (Green) reported that the female and male 
nymphs moulted thrice and four times, in 18-24 days and 
16-22 days, respectively.

Adult longevity

After completion of the third instar, the newly 
formed adult females were large and the body was 
soft, distinctly segmented and settled completely 
at one place. Three thoracic and ten abdominal 

segments were clearly visible in spite of mealy matter 
covering the body. The head was covered with white 
mealy secretions. Adult males had a pair of antennae 
and a pair of wings, with reddish black abdomen. 
From the end of the abdomen, a pair of thread like 
filaments arised, which were clearly visible under the 
microscope. The longevity of adult female ranged 
from 8-12 days with a mean of 9.61 ± 1.16 days and 
for adult male it was 1-3 days with a mean of 2.0 ± 
1.41 days (Table 3). Satpute et al. (2011) reported 
that the range of longevity of an adult female as 10 
to 13 days on cotton twigs per leaves. Muthulingam 
and Vinobaba (2013) reported that, the longevity of 
males of P. solenopsis ranged from 1 to 2 days with an 
average of 1.5 ± 0.5 days.

Table 3. Total life cycle of Planococcus lilacinus on Cocoa pod

Insect stage Range

(days)

Mean ± SD

(days)

Incubation period 3-5 4.05 ± 0.86

Nymphal stage 16-24 20.17 ± 3.52

Adult longevity

Female 8-12 9.61 ± 1.16

Male 1-3 2.0 ± 1.41

Total Life cycle Female 27-41 33.83 ± 5.54

Male 20-32 26.22 ± 5.79

Total life cycle

The total life cycle of the female mealy bug, P. 
lilacinus ranged from 27-41 days with a mean of 33.83 
± 5.54. Total life span of the male mealy bug was in the 
range of 20-32 days with an average of 26.22 ± 5.79 
days (Table 3). These results were in accordance with 
the previous findings of Muthulingam and Vinobaba 
(2013) who found that total life cycle of cotton mealy 
bug ranged from 23 to 30 days with an average of 
27.41 ± 1.10 days. Varikou et al. (2010) also reported 
the mean total developmental time from egg to adults 
for females of Planococcus ficus (Signoret) (Hemiptera: 
Pseudococcidae) on table grape leaves as 39.87 days at 
30 °C.

CONCLUSION

Present study revealed that the fecundity of mealy 
bugs ranged from 130 to 288 eggs per female. Female 
mealy bugs had only three instars, while the males had 
four instars. Total nymphal duration ranged from 16 

to 24 days. The total life cycle of the female mealy 
bug, P. lilacinus ranged from 27 to 41 days and that of 
males ranged from 20 to 32 days. Since the fecundity 
is quite high, it is needed to tackle the pest at initial 
stage to avoid the menace caused by this pest to cocoa 
plants. 
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