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Abstract: The cottony cushion scale, Icerya purchasi, one of the devastating pests
of citrus and ornamentals distributed all over the world. A study was conducted
on the biology, abundance and mechanical control of this pest on mango plants
from at two locations of Dhaka, Bangladesh. Simple linear regression lines were
produced on the lengths and widths of different nymphal instars and adult of this
pest. It was proved that body lengths and widths were highly correlated with the
successive changing of the nymphal instars from 1st, 2nd and 3rd to adults. The
maximum abundance of the I. purchasi on mango leaves was 310 + 21 in March,
2016. The results of the mechanical control method by hand crushing showed
that it was highly effective to control this insect. Abundances of this insect before
and after treatment were significantly different (p < 0.05). Abundances of insects
in different sampling times were showed different by Tukey’s HSD test (p < 0.05).

Key words: Icerya purchasi, Mangifera indica, abundance, mechanical control

INTRODUCTION

The cottony cushion scale, Icerya purchasi, distributed widely throughout
the world and attacks a variety of host plants which has great economic
importance (Hale 1970). This is cosmopolitan, abundant in the tropical and
subtropical regions in the world. Being euryphagous, their feeding was
dependent on a large variety of plants viz., Citrus spp. including lemon,
grapefruit and orange, Casuarina sp., Pittosporum sp., Mangifera sp. and Rosa
sp. As female adults are hermaphrodites, they can reproduce by self-fertilization
(Hughes-Schrader 1930). Like other hemimetabolous insects it has five
developmental stages including egg, first instar, second instar, third instar
larvae and the adult. Approximately 60 days are required for the pest to reach to
adult stage from egg and average life span of a healthy pest is around 100 days
(Riley 1889 and Silvestri 1909). Soon after the discovery in the United States, I.
purchasi became one of the most economically important pests of citrus (Ebeling
1959). 1. purchasi found to be a serious threat to plants which is difficult to
control even using chemicals (Causton et al. 2004). This insect mainly attacks
branches, twigs and leaves of the host plants. The leaves and smaller twigs of
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the host plants are primarily damaged by the immature stages of the scale due
to their feeding dependency. The host plants experience defoliation, fruit drop
and the decrease of vitality with the increase of the level of infection. Older
nymphs and adults continue to feed. Older nymphs are mostly seen in larger
twigs whereas adults migrate to the larger branches and stems (Hamon and
Fasulo 2005). Moreover, plants are further damaged by the sooty molds, grown
on the discharge of immature I. purchasi (Grafton-Cardwell 2003). Notably, fruit
trees are also affected by an incurable blight due to I. purchasi. Extensive works
have been conducted on the infestation effect of cottony cushion scale, I.
purchasi, on the growth and yield of different crops (Kim et al. 2011, Rubiales
and Fernandez-Aparicio 2009, Watson and Maluphy 2004). Some reports on this
fauna are also available in the south East Asian regions. In these regions,
remarkable research has been conducted on the Indian scale insect (Kumari
et al. 2014). As far known, no research work on the study of control of I.
purchasi was observed in Bangladesh. However, the research describes the
abundance, biology and the mechanical control of this insect in the selected
area of Dhaka city, Bangladesh during particular experimental period.

MATERIAL AND METHODS

The Samples were collected from Rugayyah Hall, Zoological Garden and
Botanical Garden of the area of University of Dhaka. The insect samples were
also collected from a park of Sector 13, Uttara, Dhaka, Bangladesh.

Study of abundance and biology: A field observation on the abundance and
biology was performed by selecting host plants of above-mentioned areas of
Dhaka city during the experimental period. The leaves and twigs of the host
plants with different stages of the scales were collected from the experimental
plants. During the time of sampling, the ambient temperature and relative
humidity (RH) were recorded using a thermo-hygrometer.

Total 36 number of M. indica at Dhaka University campus and 44 located in
the park of sector number 13, Uttara, Dhaka were observed during the study. In
each area, about 10% of the plants were selected using a random sampling
method. A grid of 1 mm2 cells was engraved on a thin plastic sheet which was
used for counting the number of cottony cushion scale on the leaves and the
peduncles of the host plant. Different life stages of the insects were isolated and
identified. The specimens were mounted with glycerin under coverslips and
observed under a compound light microscope (Humascope Classic 2006/95/
EC). The length and widths of all life cycle stages of the pest were measured
using an ocular and stage micrometer. The photographs were taken using a
Nikon Feo camera to record all the life cycle stages. For the study of abundances,
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mean number of the larvae and adults per peduncle and per leaf were recorded
during May, 2015 to September, 2015.

Mechanical control: When the population of the pest reached a maximum
level on most of the plants, a mechanical control measure was applied. In this
practice, the cluster of pests was killed by hand crushing wearing a thin rubber
glove. The effects of the control treatment on the reduction of the pests were
observed by counting the number of scale insect present on the untreated and
treated leaves and peduncles. The control measures were applied at the start of
the first week of the particular month and the observation of the scale insect
infestation level was recorded on the last week of the same month. Thus, every
month starting from October, 2015 mechanical control measures were applied
on the selected host plants for the subsequent study of infestation level.

Relative abundances of mechanically treated insects were calculated using
the following formula (Abbott 1925):

Abundance of insects on untreated parts - Abundance of insects on treated parts 00
x 1

Abundance of insects on untreated parts

Statistical analyses: Data were presented as mean and standard deviations
(SD). Simple linear regression lines were also produced to correlate the size with
the life cycle stages of I. purchasi. The mean number of the insects in untreated
and treated leaves and peduncles were compared by paired t test. The
abundance of I. purchasi on leaves and peduncles of mango plants during the
whole study period were compared by Tukey’'s HSD (Tukey 1949).

RESULTS AND DISCUSSION

Biology: The study revealed that the Icerya purchasi had eggs (photo not
shown), three nymphal instars and adults during its life time (Fig. 1). The eggs
of I. purchasi were orange in color, elongate-oval in shape, and smooth in
texture. The mean length was 0.71 + 0.05 mm and the mean width, 0.31 + 0.02
mm. It was flattened dorso-ventrally and slightly convex dorsally (Hale 1970).
Newly hatched crawler was convex dorsally; the antennae were 6-segmented.
Mean body length was 0.68 + 0.02 mm and the mean width was 0.34 £ 0.03 mm
(Hale 1970). In comparison to the crawlers, the first instar nymphs (sessile) were
identical in shape but slightly larger in size and externally covered with a layer
of white waxy material (Hale 1970). In the present study, no data are available
from eggs and crawlers. Length and width of the different nymphal instars and
adults are presented as mean + SD (mm) (Table 1). The mean length of the newly
formed first instar nymph was 0.76 + 0.05 mm and the width, 0.41 + 0.03 mm.
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The shape and size of the second instar nymph slightly differ from the first
instar. The body of second instar nymph was larger, rounder with heavier,
thicker legs and antennae in comparison to the first instar nymph. The mean
body length and width were 1.42 + 0.25 and 0.82 * 0.04 mm, respectively. The
third instar nymphs were reddish in color, oval in shape and entire body was

Fig. 1. Microscopic view of the development stages of cottony cushion scale, |. purchasi: (a) First
instar nymph. (b) Second instar nymph. (c) Third instar nymph and (d) adult.

covered with waxy-cotton secretion. Mean body length and width were 2.35 +
0.46 and 1.38 * 0.29 mm, respectively. The color of the adults were
orange/reddish brown and the entire body was covered with white waxy
secretion. The mean body length and width of the newly molted adult were
approximately 3.80 + 0.35 and 2.20 = 0.21 mm, respectively. In Bangladesh,
there is no clear picture about the biology I. purchasi. Results of the present
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research are very nearer to the findings of the Riddick (1955), Hale (1970) and
Esfandiari et al. (2007). Simple linear regression lines showed that increasing of
the lengths and widths were highly correlated with the successive moulting of
the nymphal instars (1st, 2nd and 3rd) to adults (Fig. 2). The results were in
agreement with the results found by Hale 1970.

Table 1. Lengths and widths of different nymphal stages and adult I. purchasi collected from
the experimental mango plant

Stages Length (in mm) Width (in mm)
¥+S.D ¥*S.D
First instar nymph 0.76 £ 0.05 0.41 + 0.03
Second instar nymph 1.42 +0.25 0.82 +0.04
Third instar nymph 2.35+0.46 1.38 £ 0.29
Adult 3.80+0.35 2.20+0.21

*The means were calculated from 10 samples (n = 10).
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1, 2 and 3= 1st, 2nd and 3rd Nymphal instars; 4= Adults
Fig. 2. Simple linear regression lines showing the increase of the length and width of the
I. purchasi as the insect was moulted successively from 1st instar nymph to adult.
Abundance and mechanical control: It was observed that the initial
infestation began on the soft parts of the host plants such as the young leaves,
new stems, and peduncles. Abundance of I. purchasi on peduncles and leaves of
untreated mango plants during a period of five sampling days from May, 2015 to
September, 2015 are presented in Table 2. The abundance of the pest, I.
purchasi on different parts of the untreated and the mechanically treated host
plants, during a period of six sampling dates from October, 2015 to March, 2016
are presented in Table 3. The highest abundance of this scale insect (310 + 21)
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was present on the leaves of untreated mango plants in March, 2016 (Table 3)
and the lowest abundance (45 £ 12) in the untreated plants observed in May,
2015 (Table 2). Insect abundance of treated and untreated leaves and peduncles
were significantly different in the study period (p < 0.05) (Table 3). Relative
abundance of the mechanically treated insects in the leaves and peduncles
during the experimental periods are presented in Fig. 3. The highest 80.65% of
insect could be controlled in the month of March, 2016 on leaves (Fig. 3).
Observation of the relative abundance of the insect revealed that there was no
big difference in the insect control between leaves and peduncles during the
whole experimental period.

Table 2. Abundances of I. purchasi on per peduncle and per leaf of mango plants
during May, 2015 to September, 2015

No of sampling No. of scale insect on peduncle No. of scale insect on leaf

days x+SD X +*SD

1 (May) 105 + 10d 45 + 12d
2 (June) 80 + 8e 75+ 11c
3 (July) 117 + 20c 109 + 12b
4 (August) 170 + 11b 149 + 11a
5 (September) 204 + 15a 158 + 10a

*The means were calculated from 10 samples (n = 10). Mean representing the different
letters were significantly different (p < 0.05).

Table 3. The abundance of I. purchasi on per leaf and per peduncle of the untreated and the
treated host plants during October, 2015 to March, 2016

Leaf Peduncle

Months Before treatment After treatment Before treatment After treatment

leaf leaf peduncle peduncle

x+*SD x+*SD x+*SD ¥ *SD

October, 2015 150 + 10d 75 * 5a 175 + 14d 73 £ 5c
November, 2015 165 + 13d 52+ 7c 155 + 14e 56 + 8e
December, 2015 105 + 16e 60 + 10b 230 + 15b 84 +9b
January, 2016 210 + 13c 81+ 12a 205 + 13c 96 * 16a
February, 2016 245 + 19b 79 £ 11a 150 + 17e 65 + 12d
March, 2016 310 + 21a 60 + 12b 245 + 19a 92 + 11a

*The mean of each month contains the data of 10 samples. The means were compared by paired
t test. Mean representing the different letters were significantly different (p < 0.05).
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Fig. 3. Comparison of relative abundances of insects on leaves and peduncles of
M. indica after mechanical treatment of the plants during the experimental
periods.

Previous workers showed that the maximum abundance of this pest
occurred in the month of March (Aubert 1987, Behura and Bohidar 1983 and
Khan et al. 1989). Present researchers also observed similar results (Table 3).
Moreover, Jacas and Urbaneja (2010) observed the maximum abundance of this
pest was on the leaves which agreed to the present study. Comparing to the
previous workers (Causton et al. 2004, Aubert 1987, Behura and Bohidar 1983)
the results of the present research demonstrated that the I. purchasi was a
serious mango pest. To retain the growth of the host plants and increase of the
net production of this fruit, successful control of I. purchasi was necessary.

All the life stages of I. purchasi are covered with wax, which reduces the
effectiveness of most chemical insecticides (Miret and Mari 2001). The use of
insecticides prevents regulation by natural enemies, which has shown to be
highly successful with this species (Miret and Mari 2001) but damage to the
populations of biocontrol agent can cause an outbreak of I. purchasi, as recorded
in South Africa by Hattingh and Tate (1995). Considering all these aspects, the
present researchers have applied the mechanical control method in controlling
this insect pest. To retain the growth of the host plants and increase the net
production of the fruits, a mechanical control measure was found to be quite
successful in reducing the pest number.
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