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Abstract
Red cotton bug, Dysdercus koenigii (Hemiptera: Pyrrhocoridae), has become the major insect pest of various crops, including
cotton, and thereby reducing the yield qualitatively and quantitatively and synthetic insecticides belonging to different groups are
the major control agents for such insect pests. A laboratory experiment was carried out to evaluate the effect of different
conventional insecticides, i.e., imidacloprid, deltamethrin, lambda cyhalothrin, gamma cyhalothrin and cyfluthirn on haemocytes
ofD. koenigii. The individuals were exposed to insecticides separately and data was recorded after 30 and 60min of the exposure.
The findings of current study depicted chlorpyrifos to be more effective and significant alterations in total haemocyte counts and
differential haemocyte counts were observed in the cyfluthirn treated D. koenigii. In addition to this, cell structure was also
disrupted as an immune response. Similar studies would also be helpful to understand the defence mechanisms of insects against
the xenobiotics which will help to device efficient management tools for D. koenigii.
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Introduction

Red cotton bug, Dysdercus koenigii F., has become the major
insect pest of cotton worldwide from the last few years (Shah
2014). Owing to its polyphagous nature it is found on number
of crops but cotton is the most preferred host. More damage is
done to the cotton seeds by reducing quality and oil content
(Sweet 2000). Adults and nymphs damage the lint quality by
staining thus indirectly reducing the yield (Khan and Qamar
2012; Jaleel et al. 2014). Feeding by large populations of the
red cotton bug causes a significant decrease in cotton seed

weight (up to 15%). The germinating ability of seeds is also
significantly reduced, potentially as much as 88% (Henry
1983). In particular, the cotton stainer, Dysdercus spp., has
always been a source of severe damage to the crop by feeding
on developing cotton bolls and mature cotton seeds (Ahmad
and Khan 1980; Ahmad and Schaefer 1987; Yasuda 1992).
Alternate hosts of D. koenigii include hollyhock (Kamble
1971) okra, ground nut, yellow corn, castor (Jamal 2014) and
plants of family Bombacaceae (Kohno and Ngan 2004).
However, this boll-feeding insect now becomes a more com-
mon pest of cotton. It is thought that major source of cotton
staining is D. koenigii (Shah 2014). Cotton stainer especially
D. koenigii (Hemiptera: Pyrrhocoridae) has been found the
most destructive pests of cotton in the cotton zones of
Pakistan (Jaleel et al. 2013). Haematological studies are of
greater importance in physiology, which help to identify the
exact line of defence and immune responses to the xenobiotics.
Haemolymph of the insects contain different types of cells
including the haemocytes, which are responsible for different
functions such as phagocytosis, transfer of nutrients, storage of
food and formation of connective tissues (Wigglesworth
1959). In addition to this, haemocytes are also, responsible
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for cellular defence mechanism and immune system of insects
(Ratcliffe and Rowley 1979; Șapcaliu et al. 2009).

Insecticides are the most important tools for the man-
agement of various insect pests (Afzal and Shad 2015),
and in Pakistan, insect pests of horticultural and field
crops including cotton are managed by insecticides, ow-
ing to the reason that these have quick knock down and
are relatively cheaper in price. The insecticides, in addi-
tion to mortality, also affect many physiological func-
tions in different systems of insect pests. Exposure of
different insecticides affects the normal functioning such
as phagocytosis, encapsulation, nodule formation and co-
agulation of the haemocytes. These haematological stud-
ies help to understand the physiological mechanisms of
insect body that would help to develop a successful pest
management program (Richards and Davies 1977).
Keeping in view the importance of D. koenigii and the
problems associated with application of insecticides after
its management, the present study was conducted aiming
to evaluate the toxicological effects of selected insecti-
cides on the total and differential haemocyte counts in D.
koenigii adults.

Materials and methods

Collection of D. koenigii

Adults of D. koenigii were collected from the cotton fields of
research farms of the University of Agriculture, Faisalabad,
Pakistan, in the month of July to August, 2016, and reared in
rearing cages on fresh cotton leaves under laboratory condi-
tions of 28 ± 1 °C, 60–70% RH and 10 L:14 D-hour photope-
riod (Khan et al. 2014).

Insecticides tested against D. koenigii

Five insecticides, namely, imidacloprid (250 ml/acre), delta-
methrin (250 ml/acre), lambda cyhalothrin (330 ml/acre),
gamma cyhalothrin (100ml/acre) and cyfluthirn (800ml/acre)
at recommended field doses, were checked for their effect on
haemocytes of D. koenigii.

Insecticide application

The insecticides were applied individually on the insect’s
thorax with the help of a micro-applicator (Pro-Shot 50 cc
Pistol Grip Syringe) at the rate of 8 μl/insect. Insects were
anesthetized by keeping in the freezer for 5–7 s. Insects
were then placed on a tissue paper to absorb the extra
moisture. Effects of the tested insecticides were observed
immediately after 30 and 60 min of exposure (Perveen
and Ahmad 2017).

Statistical analysis

The experiment was repeated four times using completely
randomized design (CRD) and data were subjected to analysis
of variance (ANOVA) (Perveen and Ahmad 2017).

Preparation of permanent slides

For haematological investigation, following procedure was
followed; the haemolymph of fully grown adults
(Rosenberger and Jones 1960) of red cotton bug was taken on
a clean glass slide by removing one or two abdominal legs
using fine scissors and needle (Ghoneim et al. 2015; Jones
1962). Gentle pressure was applied on the insect abdomen for
getting more quantity of haemolymph (Barkat et al. 2002).
Smear was prepared in conventional manner by drawing a sec-
ond slide across the first slide at an angle of 45°. The thin blood
films were treated with methyl alcohol for 5–7 min and air
dried. Dried blood films were immersed in the Giemsa solution
(Conn et al. 1962) for 15 min and washed with distilled water
for removing excess stain. Later on, permanent slides were
made by Canada balsam under Motic BA310 compound mi-
croscope to calculate the number and types of the haemocytes.

Total haemocyte count

The total haemocyte count of adult was calculated before and
after the application of insecticides by using Neubauer
haemocytometer. For standard sampling of the haemolymph,
Thoma white cell pipette was used throughout the studies.
Haemolymph was collected on a glass slide and quickly
sucked up into Thoma white cell pipette up to the mark 0.5.
The end of the pipette was wiped and diluting fluid (glacial
acetic acid, 1 ml; distilled water, 100 ml; gentian violet, 0.3%)
was drawn up to the mark 11, for producing a dilution of 1/20,
(1 part of blood: 20 parts of WBC. fluid). The contents of the
pipette were properly mixed and first three drops were
discarded (Jones 1962) and Neubauer’s chamber was charged
with the dilutant. The haemocytes were counted from the four
corner squares (white cell squares) in each of the two
chambers.

Differential haemocyte counts

Differential haemocyte count (DHC) from the stained slides
was carried out with help of a telecounter by following the
battlement method (Perveen and Ahmad 2017). The film was
examined systematically by observing traversed three fields
along the edge and two fields down starting at the thin end of
the smear. This sequencewas continued until minimum of 200
cells were enumerated (Jones 1967) and percentage of various
classes of haemocytes was also determined (Mahmood and
Yousaf 1985).
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Results and discussion

Total haemocyte count for normal adults

During the present studies, the total haemocyte count (THC)
was calculated from the haemolymph of red cotton bug adults
(Table 1). Under normal conditions without the exposure of
insecticides on an average, 8450 blood cells/mm3 were pres-
ent in blood of untreated red cotton bug adults. These results
disagreed with the findings of Haq et al. (2005) in which an
average of 17,000 cells/mm3 were recorded in the
haemolymph. This may be due to two reasons, i.e., firstly,
due to the difference in the test insects, while secondly, it
may be due to the difference in the method of studying the
haemocytes.

Differential haemocyte count for normal adults

The percentage of different types of haemocytes in
haemolymph of red cotton bug was carried out by the
DHC under normal conditions with the help of micro-
scope. The prohaemocytes were recorded the highest
(44 .25%), fo l lowed by granulocytes (29.50%),
p l asma tocy tes (19 .0%) , oenocy te s (5 .0%) and
spherulocytes (2.25%), respectively (Table 2).

Total haemocyte count for treated adults

The results showed that the THC decreased significantly
(5650 cells/mm3) just after the application of imidacloprid
20SL, increased (8000 cells/mm3) after 30 min of application

and again decreased remarkably (6000 cells/mm3) after 1 h of
application which is much lesser than the normal count (8450
cells/mm3) (Table 2). These findings differ from the result of
Sabri and Tariq (2004), Haq et al. (2005), Al-Hariri and Suhail
(2001) and Fatima et al. (2016) who reported increased THC
after the application of insecticides. Effect of deltamethrin
showed decreased THC (5,675cells/mm3) than the normal
count just after the application of deltamethrin, increased
slightly (8725 cells/mm3) after 30 min and increased
(9,200cells/mm3) after 1 h of application (Table 2). These
results differ from those of Iqbal et al. (2002), Haq et al.
(2005) and Pugazhvendan and Soundararajan (2009) who no-
ticed that THC increased firstly and then decreased after the
application of insecticides.

In case of the application of lambda cyhalothrin, it was
observed that the THC decreased remarkably (5875 cells/
mm3) than the normal count subsequent to insecticide appli-
cation; then, it increased to a smaller extent (6325 cells/mm3)
after half an hour of application and then further increased
(7050 cells/mm3) but still remained lower than the normal
count. These results differ from those of Iqbal et al. (2002),
Haq et al. (2005) and Pugazhvendan and Soundararajan
(2009) who noticed that the THC increased firstly and then
decreased after the application of insecticides. The application
of gamma cyhalothrin depicted that the THC decreased (5525
cells/mm3) simply after the application of insecticide, but it
increased (7700 cells/mm3) after half hour of application and
remained lesser than the normal and then increased (9100
cells/mm3) after 1 h. These research findings differ from the
studies of Iqbal et al. (2002), Haq et al. (2005) and
Pugazhvendan and Soundararajan (2009). The results of ap-
plication of cyfluthirn showed that the THC decreased drasti-
cally (4975 cells/mm3) subsequent to the application and in-
creased (7300 cells/mm3) after half hour of application but
still remained lower than the normal value and increased fur-
ther (8,825cells/mm3) after 1 h. The results are in contradic-
tion to those of Iqbal et al. (2002), Haq et al. (2005) and
Pugazhvendan and Soundararajan (2009) where it was report-
ed that the THC increased firstly and then decreased after the
application of insecticides.

Table 1 Effect of different insecticides on the THC of the red cotton
bug

Insecticide Treatments
(time interval)

Average number
of cells/mm3

Imidacloprid 20SL T1
T2
T3

5650
8000
6000

Deltamethrin 2.5EC T1
T2
T3

5675
8725
9200

Lambda cyhalothrin 2.5EC T1
T2
T3

5875
6325
7050

Gamma cyhalothrin 60CS T1
T2
T3

5525
7700
9100

Cyfluthirn 20EC T1
T2
T3

4975
7300
8825

Control 8450

T1, T2 and T3 denote treatments 1, 2 and 3

Table 2 Effect of different insecticides on the DHC of the red cotton
bug

Insecticides Pr (%) Pl (%) Gr (%) Oe (%) Sp (%)

Imidacloprid 20SL 27 31.5 32 3.5 4.75

Deltamethrin 2.5EC 31.5 28.5 25.25 4.5 7.75

Lambda cyhalothrin 2.5EC 29 30.25 21.5 6.5 11

Gamma cyhalothrin 60CS 31 33 29 0.75 4.75

Cyfluthirn 20EC 38.25 26.25 27.25 4.75 2.75

Control 44.25 19 29.50 5 2.25

Pr prohaemocyte, Gr granulocyte, PL plasmatocyte, OE oenocyte, SP
spherulocyte
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Effect of insecticides on differential haemocyte counts
in adults

The percentage of various classes of haemocytes of red cotton
bug obtained after the application of imidacloprid showed that
the percentage of plasmatocytes, granulocytes and
spherulocytes increased from the normal, i.e., 19.0, 29.0 and
2.25% to 31.5, 32.0 and 4.75%, respectively. Whereas the
percentage of prohaemocytes and oenocytes was decreased
from the normal, i.e., 44.25 and 5.0% to 27.0 and 3.5%, re-
spectively (Table 2). These investigations differ from those of
Haq et al. (2005) and Teleb (2011) where it was noticed that
the percentage of prohaemocytes and oenocytoids increased
after the application of insecticides, while plasmatocytes,
spherulocytes and granulocytes were decreased.

The percentage of plasmatocytes and spherulocytes in-
creased up to 30.75 and 7.75% then the normal value, respec-
tively after the application of deltamethrin. Whereas the per-
centage of prohaemocytes, granulocytes and oenocytes de-
creased to 31.75, 25.25 and 4.5%, respectively. These results
slightly contradict with those of Al-Hariri and Suhail (2001),
Iqbal et al. (2002), Suhail et al. (2007), Teleb (2011) and
Fatima et al. (2016) who noticed increased in plasmatocytes,
while prohaemocytes and granulocytes were decreased after
the application of insecticides. The percentage of various clas-
ses of haemocytes of red cotton bug obtained after the appli-
cation of lambda cyhalothrin exhibited that the percentage of
plasmatocytes, spherulocytes and oenocytes increased of 30,
11 and 6.5%, then the average value, respectively, whereas the
percentage of prohaemocytes and granulocytes was decreased
to the percentage of 31.5 and 21.5%, respectively. Results
differ from Haq et al. (2005) who reported that the percentage
of plasmatocytes, spherulocytes and oenocytoids decreased,
while the percentage of prohaemocytes and granulocytes in-
creased after the application of insecticides. The application of
gamma cyhalothrin increased the percentage of plasmatocytes
and spherulocytes to 33.0 and 5.0%, respectively, whereas the
percentage of prohaemocytes and oenocytes was decreased to
31.75 and 0.75%, respectively, while the percentage of
granulocytes remained constant, i.e., 29.5. These results re-
ported here in differ from those of Teleb (2011), where it states
that the percentage of plasmatocytes and spherulcytes de-
creased, while oenocytoids and prohaemocytes increased after
the application of insecticides.

Calculation of the percentage of plasmatocytes, and
spherulocytes for lambda cyhalothrin increased from 26.25
and 2.75%, then the average values, respectively, whereas
the percentage of prohaemocytes, oenocytes and granulocytes
was decreased to 38.75, 4.75 and 24.75%, respectively. These
findings are not in accordance with the results of Haq et al.
(2005) and Teleb (2011) where it was observed that the per-
centage of prohaemocytes and granulocytes increased, while

plasmatocytes and spherulocytes decreased after the applica-
tion of insecticides (Table 2).

Conclusion

The findings of the current study clearly state that the xenobi-
otics have certain role in life history of insects. As the tested
insecticides have vital effect on the number of haemocytes in
red cotton bug. Further study is required to check the effect of
these insecticides on the cells that reduce immunity in red
cotton bug.
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