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ABSTRACT

Cotton stainer, Dysdercus koenigii (Hemiptera: Pyrrhocoridae) was reared using four rearing
methods including cylindrical perforated plastic bottles (CPPB), cotton seeds in soil (CSS), cotton
seeds without soil (CSWS) and integrated rearing technique (IRT) at Lab. maintained temperature
28+2°C along with 70+5% R.H. Data were recorded on five various parameters including number of
egg batches, eggs batch,? shortest longevity, longest longevity and transformed %mortality. Our
results based compared their mean difference among the highly significant values to the least
significant values of the recorded all parameters. In IRT method, cotton stainer laid significantly
higher number of egg batches (6.0) as compared to CSS (2.67), CSWS (2.33) and statistically similar
to CPPB (1.33). In IRT, cotton stainer laid maximum (56.00 eggs batch?). It was significantly higher
(24.67) in CSS and statistically similar with difference of (21.67) and (3.33) CSWS and CPPB,
respectively. The shortest longevity value (2.33 days) of cotton stainer was observed in CSS method.
It was significantly different from the CPPB (8.0 days) and IRT (6.34 days) while, at par with CSWS
(2.34 days). Longest longevity was recorded (23.67 days) in CPPB which was significantly (5.34
days) higher in CSS, at par recorded in CSWS (2.34 days) and IRT (1.34 days). Lowest transformed
%mortality of was (51.81%) achieved in CPPB. It was recorded (37.62%) and (22.81%)
significantly higher in CSS and CSWS respectively. However, it was at par with IRT (8.27%). On
the basis of our findings, it was concluded that cotton stainer had shown extreme love for water in all
stages for development. The cylindrical perforated plastic bottles had the highest water retention
capacity than the other rearing techniques and they sucked the moist seed sap in the same behavior
as from the cotton bolls in field. IRT proved most suitable for cotton stainer rearing followed by
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CPPB.

INTRODUCTION

The cotton having a share of 1.4% in GDP and

6.7% in agriculture value addition is an important source
of raw material to the textile industry in Pakistan (PES,
2014). But the cotton is attacked by many chewing and
sucking insects (Saeed et al., 2007) causing about 20-
40% loss annually (Ahmad, 1999). Recently, cotton
stainer, Dysdercus koenigii Fabricius (Hemiptera:
Pyrrhocoridae), which is commonly known as red cotton
bug, has resurged as a destructive pest in cotton zone of
Pakistan (Ahmad and Mohammad, 1983; Ashfaq et al.,
2011; Jaleel et al., 2013). Both nymphs and adults of the
genus Dysdercus have strong proboscis, a needle like
stylet meant for piercing and sucking of plant sap
(Elzinga, 1997; Wilson et al., 2004; Shah, 2014).
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Dysdercus spp. feed on emerging cotton bolls and mature
cotton seeds and transmits cotton staining fungus,
Nematospora gossypii that develops on immature lint and
seed (Ahmad and Khan, 1980; Ahmad and Schaefer,
1987; Yasuda, 1992). Dysdercus koenigii may insert its
proboscis into the soft tissues of cotton bolls and causes
an abnormal out-growth (warts) on the inner surface of
carpel walls and lesions on the lint (Shah, 2014). This
kind of damage on the inner walls of carpels is observed
when locules are removed after dissecting the bolls
(Wilson et al., 2004).

A major reason for increased population of the
cotton stainer is its faster egg development (Venugopal et
al., 1994) and wide spread growing of transgenic cotton
that have reduced insecticides application, whereas,
before the introduction of transgenic varieties, cotton
stainer was not even a minor pest of cotton in Pakistan
(Shah, 2014). Due to large scale adoption of Bt cotton in
the sub-continent sucking pest pressure especially that of
D. koenigii increased very much especially during 2011
and 2012 (Ashfaq et al., 2011). Cotton stainer caused
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severe losses in 2011 onwards exhibiting bad opening of
bolls with stained lint in major cotton growing areas of
Pakistan (Shah, 2014).

Some work on the bionomics and life cycle of D.
koenigii has been reported in India (Kamble, 1971) but
information on these aspects of the pest was insufficient
under environmental conditions of Pakistan. Insecticides
and bio-control agents play important role and were
normally more effective on early weaker growth stages of
insect pests. Environmentally safe plant protection is a
major challenge for sustainable cotton production
because, producing high yield products had always been
an important part of farming. Chemical control is an
essential and sometimes unavoidable component to
achieve high vyield but, it is important to know and
understand the drawbacks of continued insecticide
applications. About 90% of the farmers use chemical
insecticides (Prayogo et al., 2005). It is estimated that in
Pakistan, farmers spend US$300 million on pesticides
annually, of which more than 80% is being used on
cotton, especially for bollworms (Rao, 2007). However,
we could minimize the indiscriminate use of insecticides
with alternate, environmentally safe control measures
technique (Rafiq et al., 2014).

For basic and applied studies like screening of most
suitable insecticides, insecticides monitoring on regular
basis against insect pests, promotion of biological control
of predators and parasitoids, all needs its mass culture
comprising different developmental stages. Since large
scale rearing of D. koenigii was practically difficult
therefore, we conducted experiments on different rearing
techniques under laboratory conditions to find out the
most suitable, easiest and economical rearing method for
sufficient rearing of the pest.

MATERIALS AND METHODS

Mass culturing in the Lab.

Adults of cotton stainer, Dysdercus koenigii were
collected during November, 2013 from cotton fields of
Multan District and were kept at biological control
laboratory.  Plastic made general mass rearing cages
measuring 30x18x28 inches (LxWxD) and having three
aerations holes (4x6 inches each) covered with fine mesh
were used to rear cotton stainer. About one inch layer of
field soil with minute quantity of sand was spread on
floor of cages to provide natural substrate. Insecticide
free delinted seed of Bt cotton variety CIM-599 in a
plastic petri-dishes with filter paper discs underneath
were offered as a food along with fresh reproductive
plant parts taken from field and green house. Lab.
temperature was maintained at 28+2°C along with 70+5%
R.H. and 11:13 hours (L:D) to get eggs of the pest. Fifth

instar nymphs were collected from the bulk and kept in
separate general mass rearing cages for further
development. Upon maturity to adult stage, ten adult
pairs randomly selected for each replication while each
treatment was replicated three times.

Rearing techniques

Selected cotton stainer pairs were released in the
plastic experimental rearing cages measuring 15x9x15
inches (L x W x D) having two aerations holes (3x3
inches each) covered with fine mesh. A substratum used
was one inch thick layer of field-soil mixed with minute
quantity of sand and spread on the floor of cages. The
following treatments were installed in respective cages
after releases to evaluate mean number of egg batches,
eggs batch, shortest longevity, longest longevity and
%mortality for comparison of different classical methods
with new introduced rearing technique.

Cylindrical perforated plastic bottles (CPPB)

Nine CPPB (three for each replication) of three
inches length with 1.90 inches diameter while, twenty-
four holes drilled to each plastic bottle homogeneously all
around and stuffed with wet surgical cotton wool.
Delinted cotton seeds were inserted randomly in twelve
holes while rests were left empty for moisture purpose
(Fig. 1). Each perforated bottle was placed inverted in
plastic petri-dishes (2 inches diameter). Few dried cotton
leaves were kept near each perforated bottle like (Fig. 4)
for egg laying purpose. Daily 10ml water was evenly
sprayed twice daily (morning and evening hours) over the
perforated bottles and soil of the cages including the
dried leaves. Seeds were replaced with three days
intervals.

Cotton seed in soil (CSS)

Nine plastic petri-dishes were used each having a
filter paper disc inside with field soil above and 12 moist
delinted cotton seeds on the top (Fig. 2). Each
experimental cage had three petri-dishes whereas, no
dried leaves were provided and daily 10 ml water was
evenly sprayed twice a day (morning and evening hours)
over the petri-dishes and soil of the cages. Seeds were
replaced with three days intervals.

Cotton seed without soil (CSWS)

This set included nine plastic petri-dishes (three for
each replication) filled with moist cotton wool having a
filter paper disc above and 12 delinted cotton seeds on the
top (Fig. 3). No dried leaves were provided and daily 10
ml water was evenly sprayed over the petri-dishes and
soil of the cages twice a day. Seeds were replaced with
three days intervals.
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Fig 1. Cylindrical perforated plastic bottle
(CPPB) filled with moist cotton wool and single
cotton seed was inserted to each twelve holes of the
bottle.

Fig. 2. Cotton seeds in soil (CSS) i.e. a filter
paper disc inside the petri-dish while, field soil
above and 12 moist delinted cotton seeds on the top
of the soil.

Integrative rearing technique (IRT)

In this treatment, cotton stainers were reared in
combination of all above mentioned three treatments and
were termed as Integrated Rearing Technique (IRT).
Each experimental cage had a single perforated bottle,
petri-dishes with and without soil (Fig. 4). Dried leaves
were provided near the perforated bottle and daily 10ml
water was evenly sprayed over perforated bottle, petri-
dishes, soil of the cages and dried cotton leaves. Seeds
were replaced with three days intervals.

Fig. 3. Cotton seed without soil (CSWS) i.e.
filled with moist cotton wool having a filter paper
disc above and 12 delinted cotton seeds on the top
of the filter paper.

Fig. 4. View of Integrated Rearing
Technique (IRT) method i.e. combination of CPPB,
CSS and CSWS.

Statistical analysis

Experiment was planned and laid out using
Completely Randomized Design (CRD). Data were
recorded on five parameters including mean number of
egg batches, mean eggs batch™* mean shortest longevity,
mean longest longevity, and mean %mortality. The
%mortality was calculated by dividing the number of
dead cotton stainers per replicate with total number of
releases per replicate. Data collected on afore mentioned
parameters were analyzed using Analysis of Variance
ANOVA with Tukey’s HSD (Honestly Significant
Difference) post hoc test. The %mortality before the
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analysis was arcsine transformed in degrees using the
following expression presented by Gomez and Gomez
(1984).

arcsin(\/ percent mortality x (180 / n)

However, before transformation all the 100 values were
replaced by using the following formula,

(100-(1/4n))

where n is the number of insects released, whereas in our
case n=20.

RESULTS

Table 1 shows comparison of egg batches and
number of eggs/batch laid, longevity and mortality of
cotton stainer using different rearing techniques.

Egg batches laid

In the IRT method, the cotton stainer laid (6.00)
significantly higher mean number of egg batches as
compared to CSS (2.67), without soil (2.33) and
statistically similar to CPPB (1.33) (Table ). The
coefficient of variation (CV) for the data on mean
number of egg batches was 16.01% and P = 0.0069
while, in the CPPB method they laid statistically similar
mean number of egg batches (1.34) as compared to CSS
method and CSWS (1.0 egg batch).

Number of eggs batch laid

In IRT method, cotton stainer laid 56.00 mean
number of eggs batch™. It was significantly higher 24.67
mean number of eggs batch™ than in CSS and statistically
similar with difference of 21.67 and 3.33 cotton CSWS
and CPPB methods respectively (Table I), having C.V. =
20.21% and P = 0.0186. In perforated bottle method they
laid 52.67 eggs batch® with difference of 21.34 and 18.34
respectively from CSS and CSWS methods (statistically
at par).

Longevity

The cotton stainer’s mean shortest longevity 2.33
days was recorded in CSS method. A total of 10 pairs of
the cotton stainer were released in each replication of the
four rearing methods. The mean shortest longevity value
of cotton stainer in CSS method was significantly
different from the CPPB (8.0 days) and IRT (6.34 days)
(Table 1) having C.V.=37.16% and P = 0.0132; while the
value was statistically at par with CSWS (2.34 days). The
CPPB was statistically similar to IRT and CSWS method
respectively with a difference of 1.66 and 5.66 mean
numbers of days.

Longest longevity of cotton stainer was recorded
23.67 days in CPPB. It was significantly 5.34 days higher
in CSS method while, statistically at par recorded in
CSWS 2.34 days and IRT methods 1.34 days (Table I),
having C.V.=5.39% and P = 0.0028. In IRT longest
longevity of cotton stainer was 22.33 days reported. It
was significantly 4.00 days higher from the treatment of
CSS while statistically at par 1.00 days with CSWS
method.

Mortality (%) of cotton stainer

Lowest transformed percent mortality of cotton
stainer was 51.81 achieved in CPPB method. It was
recorded 37.62% and 22.81% significantly higher in CSS
and CSWS methods respectively than the perforated
bottles (Table 1), having C.V.= 10.16% and P = 0.0008.
However, it was statistically at par with IRT method
(8.27%). In IRT, cotton stainer transformed percent
mortality was 60.08% recorded which is significantly
29.35% lower from cotton seed in soil 29.35% while,
statistically similar 14.54% in CSWS treatment.

DISCUSSION

Lab. temperature and humidity

Muthupandi et al. (2014) reared and maintained D.
cingulatus adults under lab. conditions of 31+10°C,
75+5% R.H. and 11:13 hours (L:D). Jaleel et al. (2013)
reared and maintained adults of D. koenigii at 28+2°C,
70£5% R.H. and 11:13 hours (L:D). Varma and Patel
(2012) reared D. koenigii at an average room temperature
of 25.50+7.36°C and average relative humidity of
55.194+21.36%. Sahayaraj and Jeeva (2012) maintained
D. cingulatus in the laboratory at 28+2°C and 70+£5%
R.H. Sahayaraj and llyaraja (2008) were collected D.
cingulatus adults and nymphs from cotton fields and were
maintained under laboratory conditions 27£2°C, 70£5%
R.H. and 11:13 (L:D).

Similarly, we maintained our lab temperature at
28+2°C, R.H. at 70+5% and 11:13 hours (L:D). Cotton
stainers are reported to be sensitive to changes in
temperature and humidity (Jaleel et al., 2013). It was re-
confirmed and keenly observed in rearing process that
cotton strainers are very much sensitive to changes in
temperature and humidity. Very few of them were
survived for egg laying in general mass rearing cages
when brought a bulk of cotton stainer adults from field to
lab. Fluctuations in the temperature and humidity
adversely affected its population. Low mortality of cotton
stainer was observed in mass reared from eggs laid of
field collected population of cotton stainer in general
mass rearing cages. Our results revealed that highest
number of eggs and egg batches were found in the IRT
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Table I.- Eggs batch,* shortest longevity, longest longevity and %emortality of different rearing techniques.
Rearing methods

Parameters CPPB Css CSWS RT Overall M+SE
Egg batches 4.67+0.33ab 3.33+0.33b 3.67+0.33b 6.00+£0.58a 4.42+0.36

Eggs batche 52.67+5.55ab 31.33+4.67b 34.33+3.28ab 56.00+6.66a 43.58+3.95
Longevity shortest 10.33+1.45a 2.33+1.20b 4.67+0.88ab 8.67+1.86a 6.5+1.12
Longest 23.67+0.67a 18.33+0.88b 21.33+0.67ab 22.3340.33a 21.42+0.66
Mortality (%) 51.81+2.63c 89.43+0.00a 74.62+7.41ab 60.08+1.92bc 68.98+4.66

Lettering is done using Tukey’s HSD test at 5% level of significance.

CPPB, cylindrical perforated plastic bottle; CSS, cotton seed in soil; CSWS, cotton seed without soil; IRT, integrated rearing

technique.

Eggs batch, shortest longevity, longest longevity and %mortality of different rearing techniques.

Table Il.-  Eggs batch,™ shortest longevity, longest longevity and %omortality of different rearing techniques.

Parameters Rearing methods

CPPB CSsS CSWs IRT
Egg batches 4-5 3-4 3-4 5-7
Eggs batch? 44-63 24-40 24-40 47-69
Shortest longevity 8-13 0-4 3-6 5-11
Longest longevity 23-25 17-20 17-20 22-23
Mortality (%) 47.87-56.79 89.43-89.43 89.43-89.43 56.79-63.44

followed by CPPB; while highest survival period of
cotton stainer was found in CPPB followed by IRT at
28+2°C along with 70+5% R.H. and 11:13 h (L:D).

Mass rearing of cotton stainer in the lab.

Muthupandi et al. (2014) reared D. cingulatus in
plastic containers of 20 inches diameter on moist
Gossypium arboretum L. seed. Jaleel et al. (2013) reared
D. Koenigii in plastic chamber 4x4 inches on soaked
fuzzy cottonseeds of MNH-886 (Bt). The plastic
chambers were half filled with sterilized soil as natural
medium for oviposition. Filter paper was placed on the
soil to maintain moderate moisture level in the plastic
chamber. Nymphs were collected from the field and
confined to plastic jars with filter paper on the bottom
and mouth closed with muslin cloth. Fresh seeds of okra
were provided at two days interval until adult emergence
(Verma et al., 2013). Sahayaraj and Jeeva (2012) reared
D. cingulatus on water soaked cotton seeds and fresh
cotton leaves in plastic container. Sontakke et al. (2013)
were reared D. cingulatus on moist cotton seed in glass
bottles covered its mouth with muslin cloth and rubber
bands. Sahayaraj and llyaraja (2008) reared D. cingulatus
in plastic containers 20x10x15 inches on soaked cotton
seeds.

We reared D. koenigii in plastic cages measuring
30x18x28 inches (LxWxD) having three aeration holes

(4x6 inches each) covered with fine mesh on delinted
moist cotton seed and fresh reproductive parts of cotton
plant in a general mass rearing; while for experimental
purpose, they were reared in 15x9x15 inches (LxWxD)
having two aeration holes (3x3 inches each) covered with
fine mesh called the plastic experimental rearing cages.
About one inch ticked layer of field-soil was spread over
the cage floor with minute quantity of raw sand in both
the general mass and experimental rearing cages. In
plastic experimental rearing cages (Figs. 1, 2, 3) moist
seed of CIM-599 (Bt) were provided in different
mediums. Cotton seed used for stock feed is an important
alternate source of food for cotton strainers (Wilson et
al., 2008). On the basis of above mentioned results, we
therefore recommend that the most efficient commercial
mass rearing methods for D. koenigii are the IRT and
CPPB.

Fecundity

Dysdercus cingulatus lays eggs singly or in small,
loose clusters on the bottom of petri-dish (Verma et al.,
2013). D. koenigii laid eggs singly or in clusters in sand,
soil, or on plants (Jaleel et al., 2013). In our findings, D.
koenigii preferred to lay eggs in the moist soil under
plants debris or a narrow hide moist place. Based upon
our results, we will strongly recommended that for
commercial rearing of D. koenigii moist soil and plant
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debris for cotton stainer egg laying medium are the best
one. A single female may lay 10-50 eggs, scattered on the
provided substrate (Ahmad and Mohammad, 1983).
Fecundity of female ranged between 55-56 eggs per
female (Verma et al., 2013). D. koenigii laid eggs varied
from 39-183 (Jaleel et al., 2013). The fecundity of red
cotton bug was 115 eggs per female (Verma and Patel
2012). Likewise, we found in our study the ranges of
eggs per batch as 12-105, 19-91, 13-77 and 18-62 with
respective average of 55.0, 52.0, 31.0 and 34.0 eggs per
batch respectively in IRT, CPPB, CSS and CSWS rearing
methods,. We collected eggs mostly from the moist soil
and under moist dried leaves in the rearing cages.

Longest and shortest longevity

Survival period of D. koenigii adults was
20.85+6.12 days (Jaleel et al., 2013). D. cingulatus
longevity of adults was 20-24 with an average of
21.6£1.81 days (Varma et al.,, 2013). The average
longevity of D. koenigii was 22.33t1.44 days. Whereas,
the cotton stainer adults survived for 25, 23, 22 and 20
days, respectively in the CPPB, the IRT, the CSWS and
the CSS rearing methods.

Mode of damage

Cotton stainer had been declared as one of the most
destructive cotton pest in other parts of the world
(Sprenkel, 2000). Most of its nymphal stages as well as
its adults feed on the seeds of cotton bolls. Shah (2014) in
his study had observed very keenly its mode of damage.
Both nymphs and adults of this insect have a very strong
proboscis. They insert and used proboscis up and down
and sucked the sap seeds from inside the cotton boll. We
found as cotton strainers efficiently responded in the
perforated bottles method because they inserted proboscis
with up and down movement in the holes of perforated
bottles and sucked sufficient sap from the seed in seed
inserted holes and moisture from wool of empty holes of
the perforated bottles.

CONCLUSION

On the basis of above mentioned findings, it was
concluded that cotton stainers extremely love moisture
(mesophylic). The perforated bottles had the highest
moisture retention capacity than the other rearing
techniques and cotton stainer suck the cell sap from the
moist cotton seed in the same behavior when it insert its
proboscis into cotton boll in the field, reached to the seed,
sucked the sap from the seed with frequent upward and
downward moment of the proboscis. It means that
provision of same feeding behavior can greatly matter in
the nourishment of insect especially the cotton stainer.

We therefore, highly recommend the IRT and CPPB
methods for rearing of the cotton stainers particularly for
commercial rearing of the insect on biological control
aspects.

ACKNOWLEDGMENT

The principal author is extremely thankful to Dr.
Kohno Katsuyuki (Entomologist) NARO Institute of
Vegetable and Tea Sciences, Japan for reviewing this
manuscript and providing constructive and valuable
comments to improve the results and discussion. We also
appreciated field staff of CCRI, Multan i.e., Abdul
Mateen, Muhammad Aslam, Muhammad Akbar and
Javed for their constant support in collection and rearing
of cotton stainer during the whole course of experiment.

REFERENCES

Ahmad, Z., 1999. Pest problems of cotton, a regional
prospective proceeding ICAC-CCRI, Regional
consultation, insecticides resistance management in
cotton. June 28 to July 1, held at Multan, Pakistan.

Ahmad, 1. and Schaefer, C.W., 1987. Food plant and feeding
biology of the Pyrrhocoroidea (Hemiptera). Phytophaga,
1: 75-92.

Ahmad, I. and Mohammad, F.A., 1983. Biology and immature
systematic of red cotton stainer Dysdercus koenigii
(Fabr.) (Hemiptera: Pyrrhocoridae) with a note on their
phylogenetic value. Bull. Zool., 1: 1-9.

Ahmad, I. and Khan, N.H., 1980. Effects of starvation on the
longevity and fecundity of red cotton bug, Dysdercus
cingulatus (Hemiptera: Pyrrhocoridae) in successive
selected generations. Appl. Ent. Zool., 15: 182-183.

Ashfag, S., Khan, LLA., Saeed, M., Saljoki, R., Kamran, S.,
Manzor, F., Shoail, K., Habib, K. and Sadozai, A., 2011.
Population dynamics of insect pests of cotton and their
natural enemies. Sarhad J. Agric., 27: 251-253.

Elzinga, R.J., 1997. Fundamentals of entomology (4" edition).
Prentice Hall, Englewood Cliffs, pp. 368-369.

Gomez, K.A. and Gomez, A.A., 1984. Statistical procedures for
agricultural research (2" edition). John Wiely and Sons
United State of America, pp. 306-307.

Jaleel, W., Saeed, S. and Naggash, M.N., 2013. Biology and
bionomic of Dysdercus koenigii F. (Hemiptera:
Pyrrhocoridae) under laboratory conditions. Pak. J. agric.
Sci., 50: 373-378.

Kamble, S.T., 1971. Bionomics of Dysdercus koenigii Fabr. J.
N. Y. entomol. Soc., 79: 154-157.

Muthupandi, M., Horne, B., Evangelin, G. and John, S.W.,
2014. Biology of pyrrhocorid predator, Antilochus
conqueberti Fabr. (Hemiptera: Pyrrhocoridae) and its
predatory potential on Dysdercus cingulatus Fabr.
(Hemiptera: Pyrrhocoridae). J. Ent. Zool. Stud., 2: 91-96.



REARING OF COTTON STAINER 787

PES, 2014. Pakistan Economic
http://www.finance.gov.pk

Prayogo, Y., Tengkano, W. and Marwoto, D., 2005. Prospect of
entomo-pathogenic fungus Metarhizium anisopliae to
control Spodoptera litura on soybean. J. Litbang
Pertanian, 24: 19-26.

Rafig, M., Shah, S.I.A., Jan, M.T., Khan, I.R., Shah, S.A.S. and
Hussain, Z., 2014. Efficacy of different groups of
insecticides against cotton stainer, Dysdercus koenigii in
field conditions. Pak. Entomol., 36: 105-110.

Rao, I.A., 2007. Why not GM crops. Available:
http://www.pakistan.com/english/advisory/biotechnology/
why-not.gm.crops.shtml

Sahayaraj, K. and Jeeva, Y.M., 2012. Nymphicidal and
ovipositional efficacy of sea weed Sargassum tenerrimum
(J. Agardh) against Dysdercus cingulatus (Fab.)
(Pyrrhocoridae). Chilean J. agric. Res., 72: 152-156.

Sahayaraj, K. and llyaraja, R., 2008. Ecology of Dysdercus
cingulatus morphs. Egyptian J. Biol., 10: 122-125.

Saeed, S., Ahmad, M., Ahmad, M. and Kwon, Y.J.,, 2007.
Insecticidal control of the mealy bug Phenacoccus
gossypiphilous (Hemiptera: Pseudococcidae). Entomol.
Res., 37: 76-80.

Shah, S.I.A., 2014. The Cotton stainer (Dysdercus koenigii): an
emerging serious threat for cotton crop in Pakistan.
Pakistan J. Zool., 46: 329-335.

Survey  (PES).

Sontakke, H., Baba, I., Jain, S.M., Saxena, R.C., Bhagel, A.K.
and Jadhaw, B.V., 2013. Fecundity and fertility control of
red cotton bug (Dysdercus cingulatus) by the extract of
Psoralea corylifolia. Int. J. Res. Pharm. Biomed. Sci., 4:
633-635.

Sprenkel, R.K., 2000. Cotton plant and pest monitoring manual
for Florida, Florida.

Varma, H.S. and Patel, R.K., 2012. Biology of red cotton bug,
Dysdercus koenigii. Agres, 1: 148-156.

Verma, S., Haseeb, M. and Manzoor, U., 2013. Biology of red
cotton bug, Dysdercus cingulatus. Insect Environ., 19:
140-141.

Venugopal, K.J., Kumar, D. and Singh, AK., 1994.
Development studies on proteins from haemolymph, fat
body and ovary of a phytophagous pest Dysdercus
koenigii. J. Biochem., 10: 297-302.

Wilson, L., Khan, M. and Farrell, T., 2004. Pale cotton stainers,
Dysdercus sidae.Cotton Catchment Communities (CCC),
CRC. 2008. www.cottoncrc.org.au.http://
www.docstoc.com/docs/  48067564/Palecotton-stainers-
Dysdercus-sidae-Cotton-Stainer-dd.

Yasuda, K., 1992. Cotton bug, insects pests of vegetables in
tropics, Association for International Cooperation on
Agriculture and Forestry (ed. T. Hidaka), Tokyo, Japan,
pp. 22-23.




