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D Preface

Cotton is an important cash crop and India cultivates the highest acreage in the
world. Wide gaps persist in productivity due to several biotic and abiotic stresses
that become unmanageable due to late and improper diagnosis of the problem. In
the post-Bt era, as a result of widespread cultivation of hybrids, crop management
practices have changed, and have become more input-intensive. Also, the
uniformity of genotypes across vast areas is likely to favor build-up of epidemics. As
a result, growers face several new challenges, and many minor insect pests and
pathogens have emerged as major problems threatening cotton cultivation. Plant
parasitic nematodes, often referred to as 'hidden pests' have a subtle influence on
the health of cotton crop, especially in irrigated tracts. Nematode problems surfaced
in the Buldhana district of Maharashtra this year where cotton was being cultivated
as a pre-seasonal crop with the help of drip irrigation. This handbook addresses the
issues of nematodes in cotton. Weeds cause huge economic losses in all crops
including cotton. An attempt has been made to identify important weeds in cotton.
Physiological disorders do impact cotton production. Although the phenomenon
may not be widespread, it occurs in certain isolated pockets where cotton farmers
suffer losses due to physiological disorders. Physiological disorders and suitable
amelioration has been suggested.

Handbook of Cotton Plant Health addresses the need for a compact volume which
would help the growers, scientists and extension workers to correctly diagnose
biotic and abiotic stresses of cotton in field, as correct diagnosis is a prerequisite to a
timely solution. We have tried to compile a large number of “real-time” pictures
illustrating major insect pests, diseases, nematodes and some common
physiological disorders of cotton, along with a brief description of the problem.

We dedicate this handbook to the cotton growers of India.
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‘Chapter1  Introduction

Cotton is being cultivated for its natural fiber in more than 83 countries of the tropic
and sub-tropic regions with diverse climatic conditions. In terms of employment
generation and national economy, cotton plays a key role in many countries. In India
genetically modified cotton popularly known as 'Bt cotton' was introduced in 2002 for
bollworm control. With its obvious advantages over non-Bt, Bt cotton occupies about
95% area of the total cotton cultivated area. The visible changes in cotton cultivation
shift from non-Bt to Bt cotton initially with single gene (cry1Ac, cry1C, cry1F, vip3A)
and thereafter with multi-gene (cry1Ac +cry2Ab,) incorporated in several promising
hybrids, not only changed the cultivation profile but also pest pattern significantly
during the last decade. Overall insecticide use against cotton pests reduced from
46% in 2001 to less than 26% after 2006 and 21% during 2009 and 2011(CICR,
2011).

In the non-Bt era, cohabitant sucking pests were suppressed with insecticides
applied for the control of bollworms. However, reduced insecticide use for the control
of bollworms in Bt cotton allowed sucking pest populations to persist season-long.
This was further assisted by the cultivation of susceptible Bt hybrids. Population of
regular sucking pests viz. leafhoppers (Amrasca biguttula biguttula (Ishida), aphids
(Aphis gossypii Glover), mirids (Campylomma livida Reuter, Creontiades
biseratense Distant), thrips (Thrips tabaci Linde.) and whiteflies (Bemisia tabaci
Genn.) received attention. During the last 5 years new pests have caused significant
damage to cotton crop regionally and nationally. Among the emerging pests, 8
species of mealybugs predominantly Phenacoccus solenopsis Tinsley and
Paracoccus marginatus Williams and Granara de Willink, 3 species of mirids
predominantly Campylomma livida Reuter and Creonteades biseratense (Distant),
T Mosquito bug (Heliopeltis bradyi Waterhouse), Flower bud maggot (Dasineura
gossypii Fletcher), Safflower caterpillar (Condica capensis Guenee) was seen to
damage cotton crop.

Significant changes in the Bt-cotton era were witnessed with disease incidence. Bt
hybrids have shown more susceptibility to bacterial blight and Alternaria leaf spot as
compared to their non-Bt counterparts. | incidence of CLCuD has also increased
due to introduction of a number of susceptible Bt cotton hybrids in north zone. A
disease identified as TSV transmitted by thrips was observed in the region of
Southern Maharashtra, Andhra Pradesh and Tamil Nadu. Among several plant
parasitic nematodes reported from the rhizosphere of cotton, root—knot nematode-
Meloidogyne incognita and reniform nematode- Rotylenchulus reniformis have
been documented as the mostimportant nematodes infesting cotton.

Physiological disorders, abiotic stresses and weeds deteriorate the health of crop
and can reduce yield. In the changed scenario of biotic and abiotic stresses it was
felt necessary to consolidate latest information on their status and management to
avoid yield losses. We hope this HANDBOOK OF COTTON PLANT HEALTH will be
useful for plant protection specialists, farmers, researchers, planners and students.



'Chapter2  Current status of insect pests and their management

Bollworms and sap feeding insects caused enormous damage to cotton, prior to
2002 in India. Excessive use of insecticides, nearly 45% (2001) of the total
insecticides used on all crops was used on cotton, though area under cotton
contributed to just 5%. In 2002, 3 first generation Bt-cotton hybrids were approved
for cultivation and thereafter every year a number of hybrids approved by the GEAC
were added for cultivation in all the three cotton growing zones. It is estimated that
the number of Bt hybrids released by about 30 seed companies is more than a 1000.
These Bt hybrids have been inadequately tested for their resistance to sucking pets
in the field.

Together, use of plant protection technologies viz., Bt cotton, improved and updated
IPM and IRM strategies, reduced overall insecticidal sprays and insecticide use
came down by more than 50% during last couple of years. Though, bollworm
incidence and insecticide use declined, visible changes in the pest infestation was
seen during the last decade as most of the released hybrids were highly susceptible
to sucking pest like leafhoppers, whiteflies, thrips, mirids and more recently to
invasive mealybugs. As a result insecticide use which had declined to 41% in 2006
gradually increased to 84% in 2010 as compared to base year 2001(100%) (CICR,
2011). In the recent years, 8 species of mealybugs (Phenacoccus solenopsis



Tinsley, Maconellicoccus hirsutus Green, Nipaecoccus viridis Newstead,
Paracoccus marginatus Williams and Granara de Willink, Ferrisia virgata Cockrell,
F.malvastra (McDaniel), Rastrococcus iceryoides (Green), Perissopneumon
tamarindus (Green), 3 species of mirids (Creontiades biseratense Distant,
Campylomma livida Reuter and Hyalopepsus lineifer Walker), T Mosquito bug
(Heliopeltis bradyi Waterhouse), Flower bud maggot (Dasineura gossypii Fletcher),
Safflower caterpillar (Condica capensis Guenee) was seen to damage the cotton
crop significantly.

Information on the individual pest status on cotton and other hosts, distribution in
India/World, nature of damage, sampling methodology/techniques, biology,
seasonal dynamics, host range, resistance to insecticides, natural enemies, rational
management have been described in this chapter.

Pest complex of cotton
Sap suckinginsects
1. Leafhopper Amrasca biguttula biguttula (1shida)

Leafhopper, Amrasca biguttula biguttula (Ishida) (Homoptera: Cicadellidae) is the
most important pest species on cotton in India (Shivanna et al., 2009, Murugesan
and Kavitha, 2010). Leafhopper also commonly referred as Indian Cotton Jassid is a
season-long sucking pest of cotton. Leafhopper adults are very active, pale greenin
colour measuring about 3.5mm in length with two distinct black spots on forewings
and vertex, readily identified by their characteristic diagonally movement on the




leaves hence referred as 'leafthoppers'. Leahopper infestation significantly reduces
chlorophyll and relative water content in cotton (Prabhakar et al. 2011).

Population of leafhoppers occurs throughout the season but attain pest status
during July-August in central India. Up to eleven generations in a year have been
estimated to occur on cotton. Eggs are yellowish white in colour, and intensely
rooted in the midribs or large veins on the under surface of the leaves. Nymphal
period varied from 5-16 days while adult longevity was of 13.37+5.17days. Females
live slightly longer (23.19+4.86 days) than males (21.38+5.39 days). Both nymphs
and adults of leafhoppers suck the cell sap from the plant tissue and inject toxin into
it resulting in 'hopperburn’ symptoms. The affected leaves show crinkling and curling
symptoms almost all over the plant and in extreme situations results in drying of
leaves, reduced photosynthetic activity, that hampers the productivity of cotton
reducing average cotton yield up to 30%. Besides cotton, it infests brinjal, cacao,
pepper, potato etc and is geographically distributed across Afghanistan,
Bangladesh, Hong Kong, India, Indonesia, Malaysia, Myanmar, Nepal, Pakistan, Sri
Lanka, Thailand, Australia and Pacificislands, Papua New Guinea (CABI, 2013a).

Leafhoppers have been selected for more than one mechanism of resistance
(Razaq et al. 2006). In the recent study conducted (CICR, 2010) leafhoppers have
developed resistance to some of the widely used insecticides like Imidacloprid,
Thiamethoxam, Acephate and Monocrotophos by up to 5040, 2500, 110 and 54 fold
respectively in some pockets of India. Populations of leafhopper across India are
genetically different as indicated through molecular studies at CICR. Leaf trichomes
on the plant surface are reported to deter leafhopper incidence and it is widely
believed that hairiness confers leafhopper tolerance. Gene bank at CICR houses
several glabrous type genotypes that are also leafhopper tolerant. PKV 081, NH 615
and Suraj are 3 varieties that are moderately tolerant to leafhoppers and are found
suitable for HDPS. Remote sensing for detection of stress in cotton caused by
leafhopper with ground based hyperspectral data revealed narrow bands at 376 and
496 nm (blue), 691 and 715 nm (red), 761 nm (NIR) and 1124 nm (SWIR-1) as
sensitive to leafhopper damage and two new leafhopper indices (LHI 2 and LHI 4)
have been developed at CRIDA which may have potential use for detecting
gradients of leafhopper severity in cotton by remote sensing (Prabhakar et al.,
2011).

2. Aphid Aphis gossypii Glover

Aphid Aphis gossypii Glover (Homoptera: Aphididae) commonly known as cotton
aphid or melon aphid is a polyphagous and damaging pest to many economically
important crops. Besides cotton it damages important crops such as citrus, coffee,
okra, peppers, potato, squash, sesame and cucurbits. The species is distributed in
the tropical region. Aphid adults are yellowish brown to black in colour, measuring
about 1.25 mm in length with black cornicals and yellowish green abdominal tip.
Aphid reproduces parthenogenetically as well viviparously. In a single day female
gives birth to 8-22 nymphs. Nymphal period varies between 7-9 days while adult 12-
20 days. Annually, 12-14 generations can occur (Vennila et al, 2007a).
Polymorphism can be seen in adults with apterous and alates within the population.
Nymphs are smaller than adults and are mostly wingless.



Aphids cause direct damage by feeding on the phloem, excretion of honeydew
which attracts sooty mould fungus resulting in reduced photosynthesis and plant
vigor. Infested leaves exhibit crumpling and downward curling. Indirectly aphids
cause deterioration in cotton fiber quality due to deposition of honeydew on open
bolls. Younger plant parts suffer more attack than older ones. Aggregating
populations are seen at the terminal ends. Largest populations are found on
underside of leaves where they are protected from direct sunlight and temperature.
Aphid infestation is favored by cloudy weather. Aphids and predatory insects like
coccinellids and syrphids share a density dependant relationship especially during
the vegetative stage of the crop. Aphids are vectors of virus diseases and are
responsible in transmitting cotton anthocynosis virus, cotton curliness virus, cotton
blue disease, cotton leaf roll and purple wilt (Kennedy et al., 1962; Brown, 1992).
Ant association with aphid infestation is common; facilitate transfer of aphid from
one plantto another.

Field distribution is usually clumped and infestation develops along areas downwind
from bund. It was experienced that fields receiving regular insecticidal sprays
continue to display damage for longer duration as compared to fields without
insecticide treatment where natural enemies take care of aphids. Late sown crops
are more prone to aphid infestation than early sown crops. Application of excessive
nitrogenous fertilizers promotes faster multiplication of aphids. Cloudy weather in
the early vegetative growth stage pre-desposes the plants to aphid damage.
Assessment of overall field condition is important while opting for its management
seed treated with neonicotinoids offers protection up to 45 days.

Leaf infested with aphid
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3. Thrips Thrips tabaci Lind.

Thrips Thrips tabaci Lind. (Thysanoptera: Thripidae) also known as onion thrips,
potato thrips is polyphagous pest known to be vector of virus diseases of cotton,
tobacco, tomato, pineapple, onion, potato, peach, cabbage, alfalfa, etc.,
geographically distributed over 100 countries in Europe, Asia, USSR, Africa,
Australia, Pacific islands, North, Central & South America, USA, West Indies (CABI,
2013 b). Thrips are small bodied insects measuring about 1mm in length and body
colour varies from yellow to brown depending largely on temperatures. Nymphs are
creamy to pale yellow in colour resemble the adult but are however wingless.
Female lays minute, kidney shaped eggs in slits in leaf tissues. Reproduction is
parthenogenetic as males are rare. Eggs hatch in 5 days, nymphs last for 5 days
while pupal period extends over 4-6 days. Adults live for 14-28 days. Thrips can
produce upto 15 overlapping generations in a year. Population peaks during July-
August modulated by rainfall distribution and dry spells with higher temperatures
(Vennila etal., 2007b).

Both nymphs and adults lacerate the tissue and de-sap the plants from the upper
and lower surfaces of leaves. While feeding they inject saliva and suck lysed
contents of plant cells resulting in silvery or brown necrotic spots. Infested plants
demonstrate hampered growth, loss of vigor, leaves become wrinkled and distorted,
curl upward with white shiny patches. Rusty appearances in patches develop on
underside of leaves. Higher infestation during vegetative stage results in late bud
formation. Thrips damage results in premature dropping of squares, delayed crop
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maturity and reduction in yield. Viral diseases like TSV in cotton transmitted by T.
tabaci have been recorded in Warangal district of Andhra Pradesh during the
months of September and October. Studies have demonstrated that seed treatment
with imidacloprid often predisposes the plant to thrips damage under dry conditions.
Hot and dry conditions during the early part of the season favours incidence of thrips
in cotton crop.

4. Whitefly Bemisia tabaci (Gennadius)

Whitefly, Bemisia tabaci (Gennadius) (Homoptera: Aleyrodidae) is a polyphagous
pest known by several names e.g. tomato, sweet potato, silverleaf whitefly. Whitefly
is an important pest of cotton; geographically well distributed in tropical and
subtropical regions however restricted in temperate habitats of the globe.
Worldwide it has been reported on more than 600 hosts (Oliveira et al., 2001) among
them brinjal, chilli, cucurbits, cotton, mentha, okra, potato, rapeseed, sunflower,
soybean and tomato are important agricultural crops.

Whiteflies cause both direct and indirect damage to cotton plant. The direct damage
is in two forms i.e. sucking the sap and by excreting honey dew on which sooty
mould grows. Damage from direct feeding reduces the photosynthetic activities of
the plant and hence reduces yield. Indirect damage results from honey dew
contamination of lint and associated fungi and through transmission of CLCuD.
Management of CLCuD in cotton involves minimal curative measures. Late season
damage severely affects the seed development and the lint quality. Symptoms of
whitefly damage is seen as upward curling of leaves and reduced plant vigor.
Leaves become shiny with sugary secretion or darkened by sooty mould. The
harvestable lint is contaminated with sugary liquid and sooty mould if the infestation
persists during boll opening period. When whiteflies attack the crop in the late
stages after boll opening the quality of cotton is severely affected imparting
stickiness to and discolouration of cotton fiber thereby fetching a low market price.

Whitefly is small in size measuring about 1.1-1.2mm in length and has distinct white
wing colour, yellow body dusted lightly with waxy powder. On cotton plant about 100-
120 stalked and elliptical shape eggs are laid singly on the undersurface of top and
middle canopy leaves. Eggs hatch in 3-5 days during warmer period and beyond 30
days in winter. After hatching nymphs secure themselves to the underside of the
leaves. Nymphs molt thrice and their period varies from 9-14 days during summer
and 17-19 days during winter. Whiteflies have a pupal period from 2-8 days.
Depending upon the weather conditions whiteflies complete their life cycle that
takes 14 to 107 days. Whiteflies reproduce sexually as well as parthenogenetically,
produce 12 generations annually (Vennila et al., 2007¢) in central India.

Although whiteflies occur throughout India, it is the most important sucking pest in
North Indian cotton growing states of Punjab, Haryana and Rajasthan by virtue of its
capability to transmit CLCuD, especially in Hirsutum cotton. In these areas, it is not
uncommon to see a cloud of whiteflies rise from a severely infested crop, when the
plants are disturbed especially during the later part of season. The activity of
whiteflies can be seen from the emergence of seedlings to full grown crop. During
offseason they survive on the other crops such as crucifers, cucurbits and



malvaceous crops. Warmer period and scanty rainfall situation aggravate the
severity of the pest.

Whitefly infested plant
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Mealybugs

Mealybugs are pests of many cultivated and uncultivated crops around the globe.
Diversity studies of mealybugs in Indian cotton agroecosystem indicated
occurrence of 8 mealybug species. Phenacoccus solenopsis Tinsley was the
predominant species in north and central zone while Paracoccus marginatus
Williams and Granara de Willink was the predominant species in south zone. Four
mealybug species Maconellicoccus hirsutus (Green), Nipaecoccus viridis
(Newstead), Ferrisia virgata Cockrell and Ferrisia malvastra (McDaniel) in central
zone, Rastrococcus iceryoides (Green) in central and south zone while
Perissopneumon tamarindus (Green) were recorded in north zone in traces.
Mealybug nymphs and adults suck sap from all parts of the plant. Plants infested
with mealybugs in the vegetative stage show stem distortion, twisting and bushiness
of the affected portion. Sooty mold develops on the honey dew secretions that
attract ants that act as carrier of crawlers from one plant to another. Late season
infestations cause early senescence as a consequence of reduced vigor and
significant yield loss. Mealybug infestation in north and central zones ranged from
mild (10-20%) to high (40-60%) during 2007 and 2008, were reduced to a minor pest
in 2009 (Tanwar et al., 2011) and subsequent crop seasons 0of 2010, 2011 and 2012.



5. Cotton mealybug Phenacoccus solenopsis Tinsley

Cotton mealybug also called solenopsis mealybug Phenacoccus solenopsis Tinsley
(Homoptera: Pseudococcideae), described originally from US (Tinsley, 1898) is
found to infest cultivated cotton in the same country (Fuchs et al, 1991).
Widespread outbreak of P. solenopsis on cotton in India during 2007 (Nagrare et al.,
2009) caused economic damage reducing yields up to 50% in affected cotton fields.
Infestation of P. solenopsis was seen over large areas with different cropping
systems in all nine major cotton growing states. The insect is small measuring about
5 mm, covered by white mealy wax, with dark dorso-submedial bare spots forming 1
pair of dark longitudinal lines on dorsum. P. solenopsis is known for its high
reproduction capacity producing up to 812 offsprings per female with 95% female
progeny on host cotton with several generations in a year. The insect reproduces by
obligate sexual reproduction. The developmental period for females was recorded
as 13.2 + 1.8 days, compared to males (18.7 + 0.9 days). The reproductive period
lasted 30.2 + 8.2 days. Adult females lived 42.4 £ 5.7 days while males lived 1.5+ 0.1
days (Vennila et al., 2010). The insect body has waxy coating, small size, is able to
feed on all plant parts which allow P. solenopsis to spread over extensive areas.
Molecular studies characterising the mitochondrial genome of individuals at CICR
revealed that populations of P. solenopsis from India were highly homogenous
indicating narrow genetic diversity throughout the country. P. solenopsis is
polyphagous in nature with wide host adaptability in different climatic conditions
around globe; hence they establish and spread readily on other crops of economic




importance. P. solenopsis is found to feed on 194 host plants across India (Vennila
etal., 2011).

P. solenopsis presents a significant threat to agriculture and horticulture in many
tropical and subtropical countries, posing severe threat to cotton production
especially in Asia, the climate of many of these cotton-producing areas is favorable
for its colonization and establishment (Wang et al., 2010). Hodgson and coworkers
(2008) reviewed the morphological differences between P. gossypiphilous Abbas, P.
solani, P. defectus and P. gossypii and indicated that these species were the
environmentally induced variants of single species P. solenopsis which is now
widespread in India subcontinent.

Distribution of P. solenopsis was observed within the cotton plant from vegetative to
boll formation stage. In the vegetative and square formation stages, the highest
mealybug population was recorded on the upper portion of the stem, followed by the
middle leaves of the plant. In the boll formation stage, there was no significant
difference in distribution of the insect among plant parts (Kumar et al., 2013). A new
sampling plan for P. solenopsis has been standardized by CICR. Incidence was
assessed based on presence of mealybug and the severity using zero to four scale
of infestation. Study indicated the importance of locating the source of mealybug
infestation first, and sampling field areas largely parallel to the infestation source.
Sample sizes of 25 to 50 plants per acre were sufficient in fields with known source
of infestation such as roadside, weeds and water channels. A sample size of 100
plants per acre was necessary for clean fields where prior knowledge of mealybug
infestation is not available. Losses in cotton due to the mealybug varied between
14.9% at Grade 1 and 53.6% at Grade 4, on a 0 to 4 severity index, with a mean
reduction of yield by 35% and 32%, during 2008 and 2009, respectively. There was a
significant relationship between severity of infestation and decrease in seed cotton
yield (Kumar et al., 2013).

6. Papaya mealybug Paracoccus marginatus Williams and Granara de Willink

Papaya mealybug Paracoccus marginatus believed to have originated in Central
America was recorded in a severe form for the first time on cotton in Coimbatore.
Infestation of P. marginatus was observed on G. arboreum and G. hirsutum species
including Bt cotton under field conditions. It was observed that severe infestation
led to stunted growth and drying of the sympodial branches. The mealybug
infestation can be seen as clusters of cotton-like masses on the leaf, squares and
bolls. Papaya mealybug caused havoc in agricultural and horticultural crops ever
since its first report from Coimbatore in 2007. The insect assumed the status of a
major pest in 2009 when it caused severe damage to economically important crops
and huge losses to farmers in Coimbatore, Erode, Tirupur, Salem, Namakkal and
Karur districts of Tamil Nadu (Tanwar et al., 2010). The pest was also reported in
Karnataka, Andhra Pradesh as well as Kerala and Pune area of Maharashtra
subsequently. Recently the pest has been recorded in Nagpur on cotton and
Hibiscus. The adult female of the pest is yellowish in colour measuring about 2.2mm
covered with white wax while males are 1.0 mm long, pink especially during the pre-
pupal and pupal stages. When pressed, yellow body fluid oozes out. Females



usually lay 100 to 600 eggs. Heavy attack of papaya mealybug has been noticed on
a wide range of cultivated crops and weed hosts belonging to different families of
plant kingdom. P. marginatus is found to infest over 84 plant species belonging to 35
families in south India (Selvaraju and Sakthivel, 2011) among them economically
important host plants are papaya, citrus, mango, cherry, pomegranate, hibiscus,
cotton, jatropha, cassava, egg plant, potato, tomato, sweet potato etc. Globally, the
pest has spread in Caribbean Island, Hawaii and French, Guianas, Indonesia, Sri
Lanka, Thailand, USA, efc.
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Field Infested with P. marginatus

Severely infested stem and boll
7. Spherical mealybug Nipaecoccus viridis (Newstead)

Spherical mealybug Nipaecoccus viridis (Newstead) (Homoptera:
Pseudococcideae) is an agricultural pest in Asia that attacks wide variety of plants
that includes food, forage, ornamental crops and fiber crops especially cotton often
causing considerable damage. It is native to Asia and widespread throughout the
tropics and subtropics. The potential for invasiveness appears high. Cotton plants
infested by mealybugs exhibit symptoms of distorted and bushy shoots, crinkled
and/or twisted and bunchy leaves, and stunted plants that dry completely in severe
cases causing reduced plant vigor and reduction in yield. In India the species has
been recorded on cotton in parts of Andhra Pradesh, Delhi, Maharashtra and Orissa
(Thomas and Ramamurthy, 2011) with negligible losses. The adults are about4 mm
long, body is round or broadly oval; somewhat flattened dorsoventrally; purple or
blue green; covered by thick white/creamy/pale yellow wax. Females produce an
ovisac with a wax that is sticky to touch.
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8. Pink hibiscus mealybug Maconellicoccus hirsutus (Green)

Pink hibiscus mealybug Maconellicoccus hirsutus (Green) (Homoptera:
Pseudococcideae), also known as the grape mealybug, is a pest of cultivated and
uncultivated plants, trees, and shrubs. The pest has its presence in most tropical
areas of the world, prominently in Asia, Africa and Australia. It infests crops such as
hibiscus, citrus, coffee, guava, mango, soybean, cotton, maize etc. Infested plants
show colonies of M. hirsutus, thereafter the colonies grow into large masses of white
waxy coverings on branches, fruiting structures and even whole plants. Adult
females are wingless measuring about 3-4mm long. Female body is pink in colour
with white waxy coating. Males have a pair of wing and two long waxy tails. Female

Infsetaion on branch by M. hirsutus
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lays approximately 650 eggs which are initially orange in colour later on turn to pink
on maturity. The species completes its life cycle in 23 to 30 days. It has several
overlapping generations up to 15 in a year (Mani, 1989). It is sporadic pest of cotton
occasionally recorded in central and south India.

9. Striped mealybug Ferrisia virgata (Cockerell)

Striped mealybug Ferrisia virgata (Cockerell) (Homoptera: Pseudococcideae) is
known by several names viz. cotton scale, grey mealybug, guava mealybug,
spotted mealybug, tailed coffee mealybug, tailed mealybug; white-tailed mealybug.
F. virgata is highly polyphagous infesting over 150 genera in 68 families (CABI,
2002) distributed in more than 110 countries around world (DOCS, 2013). Female is

F. virgata infestation on leaf

F. virgata infestated leaf F. virgata infestated stem



yellow / green in colour measuring about 4-4.5 mm in length with two dark stripes
stretched down to her length. The mealybug bears two long wax tails while waxy
threads extend in all directions. It infests all plant parts and developing boll gets
scarred due to desapping. Nymphal duration of female was 43.2 days at 28.9 °C and
the total life span ranged between 76-154 days on potato sprouts (Awadallah et al.,
1979).

10. Malvastrum mealybug Ferrisia malvastra (McDaniel)

Malvastrum mealybug Ferrisia malvastra (McDaniel) is a widespread, polyphagous
species first described from Malvastrum (Malvaceae) from Texas, U.S.A., but was
confused with F. virgata for many years (SEL, 2013). Sometimes confused with F.
virgata as phenotypically both species appear similar but former has a more
rounded body (Ben-Dov 2005). Adult female of F. malvastra is oval bodied and
yellowish in colour with waxy particles found on their bodies. The body measures
about 3.5 mm long. Adult males are dipterous and brownish in colour. They have a
pair of conspicuous white wings and two long waxy caudal filaments. Male longevity
is 2-3 days. Female matured in 12-19 days while male in 14-21 days at 21-24°C. The
species reproduces sexually as well as ovoviviparously. A single female produces
467-507 nymphs. F. malvastra produces dieback, often resulting in death of the
plant (Seni and Sahoo, 2012a)

11. Mango mealybug Rastrococcus iceryoides (Green)
Mango mealybug Rastrococcus iceryoides (Green) (Homoptera:

R. iceryoides infested stem Infestation by R. iceryoides




Pseudococcideae) is a minor pest of cotton in central and south India found along
with other mealybugs affecting cotton such as P. solenopsis, P. marginatus and N.
viridis. This has been found to damage several hosts like custard apple, mango,
guava, citrus, tea, drumstick, hibiscus, etc. Both nymph and adult suck the cell sap.
On severe infestation leaves turn yellow, gradually dry and ultimately the plant gets
defoliated. The species reproduce sexually as well as through oviparity. Only
fertilized eggs are laid by females, average numbers/female were 450-585 (Rawat
and Jakhmola, 1970). The female and male nymphs molted thrice and four times,
respectively in 18-24 days and 16-22 days at 26-36 °C and 84-91 % RH to attain their
adulthood. The pre-oviposition, oviposition period and incubation period of eggs
were 6-11 days, 4-6.9 days and 5.2-7.6, days, respectively (Seni and Sahoo,
2012b). R. iceryoides is an invasive mealybug species that originated from south
East-Asia and aftained serious pest status on wide range of host plants.

12. Ber mealybug Perissopneumon tamarindus (Green)

Ber mealybug Perissopneumon tamarindus (Green) (Homoptera: Monophlebidae)
was first reported from CICR experimental farm during crop season 2009-10 on
cotton. Its presence was recorded on roadside trees and the adjoining cotton crop
in Sirsa at four locations during 2010-11 and also 2011-12 without causing economic
damage. Average maximum per cent incidence and mean population/ plant of P.
tamarindus were 63.50 and 10.49 and lowest were 4.67 and 3.22, respectively at all
the infested locations. A predatory bug Rodolia fumida (Mulsant) (Coleoptera:

P. tamarindus adult female

P tamarindus on Ber plant




Coccinellidae) associated with P. tamarindus was also recorded. This mealybug
was observed on 50 hosts (16 trees, 2 fruit trees, 22 weeds, 6 ornamentals, 2
medicinal plants and 2 field crops) belonging to 21 families.

Mirids

Mirids occur on a wide variety of plants, while some are predators on small soft
bodied insects and insect eggs. Mirids are in general yellow, green brown or black in
colour, while some are colourful. Most of the well-known mirids have received
attention because they are agricultural pests. Creontiades biseratense (Distant) has
been found to be predominant in South India, Campylomma livida Reuter in all the
three zones while Hyalopeplus lineifer Walker is common to both central and south
regions (Udikeri, 2008). Nymphs and adults are observed to feed on squares and
small developing bolls. During feeding, mirids pierce the plant tissues with their
stylet. The affected area becomes dull in colour, then blackens and ultimately results
in death of cells in the region. Feeding by these insects led to heavy shedding of
medium sized squares and tiny bolls. Larger squares suffer damage that may cause
development of deformed bolls which is often referred to as 'parrot beaking'. If the
infestation is severe in older bolls, the damaged locules may not develop properly
and often carry stained lint (Khan et al., 2004). Nymphs and adults damage the
squares, flowers and small tender bolls of cotton and affected parts gradually turn
yellow, shrivel and drop down prematurely (Ravi and Patil, 2008). Mirids are very
active, running and hopping with short rapid flights when disturbed. With
introduction of Bt- cotton and subsequent reduction in insecticidal spray for the
control of boliworm especially H. armigera, sucking pests like mirids which were
controlled by the broad spectrum sprays, are now emerging pests on Bt cotton.

13. Indian cotton mirid Creontiades biseratense (Distant)

Indian cotton mirid Creontiades biseratense (Distant) (Hemiptera: Miridae)
infestation was recorded in an epidemic form in Coimbatore on Bt-cotton hybrids
during the month of December 2006 (Surulivelu and Dharajothi, 2006). Adult are
brown in colour with dark brown T-shaped band on pronotum. Nymphs are greenish
in colour with dark brown wing pads. The females preferred to lay eggs in petiole
wherein upto 15 eggs were traced. A green colour morph is also available with
similar taxonomic features. There are five instars in the life history extending total life
cycle up to 39-41 days (Udikeri et al.,, 2010). Both nymphs and adults damage
developing flower buds and tender bolls. One to two day old bolls with dried petals
intact provide a good habitat for the insect's feeding and sheltering. The
characteristic symptoms of feeding on the flower bud are described as ocozing out of
yellow fluid from the buds and staining of this yellow fluid on the inner surface of the
bracts. Infested tender bolls have number of black patches on all sides of the outer
surface of boll rind and shedding of most of the damaged tender bolls is observed.
Heavy shedding of squares and bolls which led to significant reduction in seed
cotton yield of Bt cotton due to C. biseratense was observed from Kamataka (Patil ef
al., 2006). During 2007 to 2009 mirid populations ranged from 18 to 66 bugs/ 25



squares and reached their peak at all locations in September and continued until
December. High population of mirid bugs were recorded in Haveri (44 mirids/25
squares) and Belgaum district (43.8 mirids/25 squares). However, in Gulbarga the
population was found to be low (18 mirids/25 squares). The severity of mirid
incidence has been also noticed in Raichur and Bellary districts, however in Bidar,
Bijapur, Gadag, Mandya and Uttar Kannada its incidence was low to moderate.
None the less irrespective of the cultivar it was regularly noticed. The estimated loss
due to this pest was 449 kg/ha (Udikeri et al., 2011). Eleven species of plants have
been recorded as alternate hosts of C. biseratense (Ravi and Patil, 2008).

'Adul C.biseratense
14. Mirid Campylomma livida Reuter
Adult Campylomma livida Reuter (Hemiptera: Miridae) measures about 2-3 mm in
length and causes significant damage to squares and bolls in all the three cotton
growing zones of India. In central India the pest has been recorded since 2001
although its identity was confirmed in 2005. Adults of C. livida are flat, green, straw
yellow or brown coloured, 2-3mm long and 1-2mm wide with long and slender
antennae, and have an oval body outline with a conspicuous greenish or yellowish
triangle in the centre of the back. Nymphs and aduits feed on the terminal growth,
squares, flowers and bolls of cotton plants with their piercing/sucking mouthparts
and thus cause excessive shedding of flowers, small squares and immature bolls.
Developing bolls usually do not shed, but may have one or more locules damaged.
Mirids occur throughout the season on cotton with maximum population

Nymph C biseratense

Adult C livida




Damage to flower by C. livida

Parrot beaked bolis due to C. ivida damage

development between 50 and 90 days of crop age. C. livida feeding on pre fruiting
plants causes abortion of plant terminals, resulting in many branched plants
(Vennila et al., 2012). When small to medium sized squares are fed, drying and
abscission of squares occur within 3-4 days. Feeding by C. livida on green bolls
resulted in reduction in the weight of seed cotton by one gram per boll. Amongst
different sample sizes; maximum C. livida population was recorded in sample size of
15 plants. Since mirid adults are highly mobile, counting nymphal and adult
population together from top-one third plant canopy with sample size of 15 plants
per acre was found to be appropriate.

15. Mirid Hyalopeplus lineifer Walker

Mirid Hyalopeplus lineifer Walker (Hemiptera: Miridae) was found to occur on cotton
in central and south India. Presence of brownish parallel streaks on the pronotum is
the distinct identifying character of the species. Diverse colour morphs have been
noticed by H. lineifer. Nymphs of this species are creamish yellow in colour with long
antenna and wing pad. Both nymphs and adults of H. lineifer were observed to feed
on squares and small developing bolls. They pierce the stylet in plant tissues while
feeding. The affected area rapidly turn dull in colour, then blackens and ultimately
results in death of the cells in the region. Feeding by these insects results in heavy
shedding of medium sized squares and tiny bolls. As the squares and bolls drop off,
significant reduction in yield is noticed.

H. linoifer Nymph feeding on squares




16. T Mosquito bug Helopeltis bradyiWaterhouse

T Mosquito bug, Helopeltis bradyi Waterhouse (Hemiptera: Miridae) also referred as
Kajji bug is a pest of cashew, guava and tea. However, it has been recorded as an
emerging pest causing economic damage in Bt cotton in close proximity to Dharwad
and Uttar Kannada districts of Karnataka during 2009. T mosquito bug outbreak was
noticed in DCH-32 interspecific hybrid grown in HD Kote taluk of Mysore district
(Karnataka) during 2002. Though it appeared occasionally, the losses were more
than 90 per cent. The adults of the species are light brown in colour. Both nymph and
adults of the species suck cell sap from foliage, squares and bolls. Due to sucking of
sap from phloem, leaves get rolled at the edge with brown central black lesions
particularly near the main veins. Cankers develop on the lower green bolls. Linear
scars with white papery layer appear in tender shoots. The affected plant's growth
retards and lead to subsequent gradual dying of shoots. Matured bolls bear blackish
brown circular pits towards tip of the bolls. Rottening of bolls takes place due to entry
of rainwater and such infested and dried up bolls/ squares remain intact on plant
(Udikeri et al., 2011). Damage on the boll rind is seen as raised dry dark brown callus
like structures on the outside. It also causes bad opening of bolls and makes the lint
unfit for use. The pest is distributed in. Bangladesh, India (Karnataka, Kerala, Tamil
Nadu), Indonesia, Java, Sumatra, Timor, Malaysia, Sabah, Singapore, Sri Lanka
and Vietnam and is reported to attack cocoa, cashew, cinchona, tea etc. (CABI
2013c). Female lays about 140 eggs. The insect completes its development in 5
instars in about 9 days. Adult male lived shorter, for about 24 days as compared to 26
days of the female (Srikumar and Bhat, 2012).
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Cotton bollworms
1. American bollworm Helicoverpa armigera (Hubner)

American bollworm, Helicoverpa armigera (Hubner) (Lepidoptera: Noctuidae) also
called legume pod borer, cotton bollworm, tomato fruit-worm, is a major pest of
cotton and one of the most polyphagous and widespread species in central and
southern Europe, Asia, Africa, Australia Oceania and very recently in Brazil. The
pest feeds on a wide range of plants of about 182 species, including many important
cultivated crops especially tomato, cotton, pigeon pea, chickpea, sorghum and
cowpea (Gowda, 2005). In pre Bt era H. armigera exhibited widespread resistance
to Pyrethroids (Cypermethrin) varying between 23-8022 fold (Kranthi et al., 2002).

The larvae feed on the leaves initially and then bore into squares / bolls and seed
with their head thrust into the boll, leaving the rest of the body outside. Excreta
surrounds the entry hole. Damaged squares flare up, have feeding or damage holes
on them and are shed. Clear-cut round feeding holes on squares and bolls with or
without larvae are seen. Larvae show preference for feeding on squares and flowers
when present, however they feed on young bolls too. A single larva can damage 30-
40 fruiting forms during its developmental period. The entry holes are large and
circular at the base of the boll. Feeding on bolls can be extensive. Larval damage
attracts boll rot microbes, and damaged bolls rot resulting in yield loss up to 40 % in
non Bt cotton. Period of onset varies with the season but period of damage can
extend into November-December.

Boll contents destroyed by ABW larvae




Adult moths are stout bodied, greenish yellow to buff brown with darker brown or
blackish markings. Males are light brown with greenish hue. Females are darker
than males. Moth length varies between 12-20 mm with a wingspan of 30-40 mm.
They have a circadian rhythm formatting starting at dusk, continues through
midnight after which it virtually ceases. Moths disperse over long distance in search
of suitable crops from source host. Female lays up to 700 eggs during adult life of 8-
12 days and life cycle is completed in 25-60 days. First and second generations are
found on several crops and weed hosts. Second generation usually infest cotton in
low numbers (Vennila et al., 2007d). Population increases dramatically during third
and fourth generation with major outbreak coinciding with peak squaring of the first
and rarely affecting the second flush on non Bt cotton. In the nineties incidence of H.
armigera coincided with the active monsoon period in India, thus making control
almostimpossible, especially in epidemic years.

H. armigera infestation reduced significantly in the last decade and it rarely
exceeded economic threshold levels in majority of the cotton growing regions of
India. The obvious reasons were introduction of Bt-cotton, change in insecticide use
pattern, decrease in pyrethroid use, increase in the use of new chemistries and large
scale implementation of IRM/ IPM (Kranthi and Russell, 2009). In the 2012 crop
season H. armigera was found to infest non Bt cotton, cultivated under HDPS with
straight hirsutum varieties crossing ETLs in many demonstration fields in the
Vidarbha region. Incidence of this pest on HDPS cotton will necessarily have to be
managed with effective IPM until Bt varieties are available commercially.

2. Spotted bollworms Earias insulana (Boisduvel), E. vittella (Fab.)

Spotted bollworm Earias vittella (Fabricius) (Lepidoptera: Noctuidae) is found to
infest crops like cotton, okra, Abutilon indicum, hibiscus, and several other hosts. E.
vittella is seen in south and central India while E. insulana is predominant species in
north India, on cotton. Earias insulana, commonly known as spiny bollworm, also
occurs with E. vittella and causes similar damage and the adults can be
distinguished from E. vittella by their fully green forewings.

E. vittella incidence commences as early as on 3 weeks old crop. The damage due
to Earias to fruiting bodies of age 15-16 weeks is high whenever H. armigera
incidence is low to moderate. Nevertheless beyond 20 weeks after crop emergence
damage by Earias is continuous. Terminal shoot dry and wither away when the
larvae bore into the pre-squaring plants. The main stem collapses, if the growing
point is affected. Feeding holes in squares and on bolls are seen with or without
larvae. Flare up of squares and their shedding, premature dropping or opening of
attacked bolls are common. Larvae do not confine their feeding to a single boll and
hence damage is not proportionate to their numbers. Damaged bolls often succumb
to secondary infection by bacterial and fungal pathogens. E. vitefla mean damage in
rainfed cotton production system can reach >10%. Earlier spotted bollworm was a
pest dominant on G. arboreum in India. With the introduction of upland cotton the
pest was found to damage upland cotton too. Presently this pest continues to be
recorded in higher numbers on desi varieties.
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The two species have differential identification characters. Head, thorax and
forewing colour of E. insulana vary from silver green to straw yellow while E vittella
moths are creamy white or peach with a central green wedge running from proximal
to the distal edge of the forewing. The wing span of moth is about 20-22 mm, full
grown larvae are 13-18cm. Moth lays 2-3 eggs on bracts, leaf axils, veins on the
under surface of leaf, single female lay up to 385 eggs, total life cycle ranges from
20-22 days (Vennila et al., 2007e). E. vitella is distributed in Asia, Australia, Pacific
islands and Africa.

-

Boll damage by W ‘ Adult moth of SBW
3. Pink bollworm Pectinophora gossypiella (Saunders)

Pink bollworm Pectinophora gossypiella (Saunders) (Lepidoptera: Gelechiidae) is
native to Asia, has become economically destructive pest of cotton in South
America, Africa, Asia, Australia, Pakistan, Egypt, USA and Mexico. All the four
cultivated species of cotton (Gossypium hirsutum, G. barbadense, G. herbaceum,
G. arboreum), okra, country mallow, Hibiscus, sorrel, lucerne are the primary hosts.
Inindia, pink bollworm is functionally monophagous.

Pink bollworm generally occurs at 90 DAS and beyond. Larvae initially feed on the
flower buds that results in failure of bud opening and shedding. Larva entersinto the
developing boll through the rind feed on developing cotton seeds. In younger bolls
entire content can be destroyed, in older bolls larvae feed up to 3-4 seeds. Within a
boll more than one larva can be seen. 'Rosetted flower' is the typical symptom of
pink bollworm infestation. Small exit holes are seen on the developing bolls. Quality



of lint deteriorates due to the presence of larvae and lint gets stained by the pest.
P.gossypiella is known to cause 2.8 to 61.9 per cent loss in seed cotton yield, 2.1 to
47.10 per cent loss in oil content and 10.70 to 59.20 per cent loss in normal opening
of bolls (Patil, 2003). Resistance levels of 23-57-fold to endosulfan were recorded in
some areas of Central India (Kranthi et al., 2002).

P.gossypiella lay eggs singly or in groups of four to five. Eggs are pearly white,
flattened, oval about 0.5mm in length and 0.25 mm wide. Larvae are white in colour
in first two instars, later instars are pink in colour. The larvae have characteristic dark
brown head. Pupae are dark brown measure about 7mm in length. The adult moth
is greyish brown with blackish bands on forewings while hind wings are silvery grey.
Moths are nocturnal in habit, hides in soil debris during day time. Larvae can be
sexed two spots on the ventral side indicate that the larvae is a female while males
do not have the spots.

In the recent past, pink bollworm attained national importance and received wide
news coverage (The Hindu, 6" March 2010) indicating Bollgard (containing cry1Ac)
failed to protect cotton crop from this pest in certain parts of Gujarat. Dhurua and
Gujar (2011) observed field-evolved resistance of pink bollworm to cry7Ac in the
population collected during 2007-2008 and 2008-2009 seasons from non-Bt cotton
fields in Amreli district of Gujarat. On investigation it was observed that Bollgard
provides sufficient protection against the pest (Mohan and Nandini, 2011).

Pink bollworm feeds on non Bt seeds that is available in the segregating seeds of the
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F, bolls of single gene Bt hybrid. Thus, itis not unusual to record survival PBW larvae
on Bt cotton. Extended Bt cotton in parts of Maharashtra (Jalna, Jajgaon, Nanded)
also record the incidence of PBW larvae.

For sampling, 20 green bolls can be taken to assess the pest situation. Pheromone
trapped moths are good indicators for the initiation of pest control in non Bt cotton.
Trap catches of more than 8 moths/trap/night over 3 consecutive nights forms the
ETL. In Bt-cotton pheromone trap catches do not correlate with damage.

Otherinsects
1. Tobacco caterpillar Spodoptera litura Fabricius

Tobacco caterpillar, Spodoptera litura Fabricius (Lepidoptera: Noctuidae) also
known as oriental leafworm, cluster caterpillar, cotton leafworm, tobacco cutworm
and tropical armyworm. It is found mainly in the Indo-Australian tropics but has now
established on most Polynesian islands. The larva feed on a wide range of plants
and has been recorded from over 40 mostly dicotyledonous plant families. During
late nineties, S.litura exhibited high resistance levels of 61-148 fold to cypermethrin,
while resistance was 45-129 fold to chlorpyriphos in south India (Kranthi et al.,
2002).

Larvae attack the crop in large numbers and are damaging and gregarious in nature.
Bt cotton harboring cry1Ac gene does not offer protection against this lepidopteran
pest as Spodoptera larvae do not have receptor sites for the binding of cry1Ac




(Lalitha et al., 2012). Bollgard Il that harbors the cry1Ac and cry2Ab genes is
moderately effective against Spodoptera. Two species occur on cotton in India- S.
litura and S. exigua and intra-specific variation exists in their tolerance to cry toxins
(S. Kranthi, Unpublished) with S. exigua being more susceptible as compared to S.
litura.

Spodoptera larvae hatch from eggs laid in masses. The larvae feed by scraping the
leaves leaving behind the veins and veinlets. Spodoptera are nocturnal and can
cause extensive damage to the cotton crop. Pheromone monitoring methods that
are often recommended demonstrates no correlation between the numbers of
moths trapped to larval incidence in the field. Scouting for egg masses is the best
method for detection and their destruction for management. Economic threshold
levels for S. litura on Bt and non Bt cotton were 12 and 4 larvae/plant, respectively
under rainfed conditions.

2. Cotton Semilooper Anomis flava Fabricius

Cotton semilooper, Anomis flava Fabricius (Lepidoptera: Noctuidae) is found in
large parts of the world, including India, China, Hawaii, Thailand and Australia. The
larvae feed on upland cotton, Hibiscus rosa-sinensis, Hibiscus cannabinus and
Legnephora moorei. The caterpillar is long and green, with yellowish bands
between segments. One pair of prolegs is missing, so it moves like a semilooper.
Sexual dimorphism is recorded in adults in the colour of the wings and antennal
structure.

A.flava occurs during peak vegetative stage of the cotton crop. It is common in
central India often found feeding on the leaf lamina causing holes in fully expanded
tender leaves during peak vegetative phase. More than one caterpillar can be found
on a plant. Overlapping generations are seen during the season with caterpillars of
different sizes being recorded at a given point of time. Semilooper infested plants
look unhealthy and stressed especially under bright sunlight and high temperature
during the day. Bt-cotton is highly tolerant to semilooper damage. These caterpillars
do not contribute to significant economic loss on non Bt cotton. Instead they serve as
natural biofactories in the field allowing the multiplication of parasitoids, especially
larval parasitoids (such as Apanteles) and entomopathogenic fungi (especially
Beauveria and Metarrhizium). It is advisable to discourage application of
insecticides during 45-60 DAS especially in central India.




3. Cotton leaf folder Sylepta derogata (Fabricius)

The cotton leaf folder, Sylepta derogata Fabricius (Lepidoptera: Crambidae) is a
minor pest of cotton as it occurs in October- November at the reproductive stage and
does not appear consistently year after year. The leaf folder and semilooper do not
survive on Bt cotton as they are very sensitive to cry1Ac. Hence it is common to see
leaf folder symptoms in the non Bt cotton if sown as refuge around Bt cotton. Leaf
folder population serves as a natural enemy repository in the field. However, its
incidence does not synchronize or precede the incidence of bollworms. The pest is
distributed in India, Bangladesh and Pakistan. It is polyphagous and attacks
agricultural crops and forest plants apart from several bamboo species. The moth is
pale yellow in colour. The eggs are laid in rolled leaf cases. On hatching larvae feed
gregariously on the rolled leaf and subsequently migrate to form its own roll. The life
cycle ranges from 23 to 45 days.

Leaf folder damage appears in the form of leaves turning into funnel shaped
structures and each funnel harbors one to few leaf folder larvae, feeding within,
scraping on the leaf lamina. Larvae are often enclosed in soft silkken web and are
surrounded by frass. Leaf folders rarely cause economic losses in cotton and do not
require any intervention for management.

Leaf folder damage on plant »
4. Safflower caterpillar Condica capensis (Guenee)

Safflower caterpillar Condica capensis (Guenee) (Lepidoptera: Noctuidae) was
found to feed on Bt cotton leaves in Hingoli and Buldhana districts of Maharashtra.
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C. capensis seen along with Spodoptera in cotton field in the early vegetative stage.
adjoining soybean field However, larvae did not feed significantly on Bt cotton
leaves in the laboratory as neonates died at the end of 7 days. Larvae survived on
non Bt cotton leaves but neonates gained poor weight. Adult female moths had a
pre-oviposition period of 3 days, egg period of 3-5 days, larval period of 14-17 days
and a pupal period of 5 days. Full grown larva can be confused with H. armigera.
Chemical sprays need not be used for their management on Bt cotton.

The adults are stout, forewings are brown with a pair of eye-like marks in the centre.
Eggs are small, spherical and golden in colour laid on the leaves in clusters and are
covered by hair, like that of Spodoptera. A full grown caterpillar is large about 25mm
in length. The pupation takes place in soil. The pest is distributed in India , Pakistan
and South-EastAsia.

Adult C. capensis
5. Stem Weevil Pempherulus affinis (Faust)

Fifth instar larva of C. capensis

Stem weevil Pempherulus affinis (Faust) (Coleoptera: Curculionidae) is an endemic
pest to some parts of south India, particularly Tamil Nadu. It is not a serious menace
in regular season crop and causes less than 10% mortality of plants. Off season
crop (i.e., Winter season crop in the summer cotton tract) was much affected
compared to the regular season crop (i.e., Summer season crop in the summer
cotton tract) (Murugesan et al 2010). Adults are very small weevils, dark in colour
with two small white patches on the elytra. Grubs are white in colour and apodous.
By feeding, the grub forms a tunnel like passage inside the stem leaving the outer
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bark intact. The grub cuts through the medullary rays, tunnels round the stem along
the cambium causing spiral galleries which damages the vascular tissues,
disrupting transport of plant nutrients. Young plants are killed in cases of serious
infestation; however, mature plants survive with reduced vigor by developing a
woody shoot axis gall at the collar region of the plant. Galls are the weak point of the
plant and is regular, localized, globular, oval or fusiform and extensively nodulated.
Infested plant gets killed in course of time either due to blockage of plant nutrients;
break down at the gall region due to strong winds, intercultural operations or
excessive boll load at later stage. The weevil is found to occur only in the irrigated
crops where high requirements of moisture are met (Krishna Ayyar and
Margabandhu, 1941). Though, it is mainly a pest of cotton, however other host
plants such as okra, Hibiscus cannabinus, Thespesia populnea and Triumfetta sp.
are known to be attacked

6. Flower bud maggot Dasineura gossypiiFletcher

Flower bud maggot or gall midge of cotton Dasineura gossypii Fletcher (Diptera:
Cecidomyiidae) was reported to cause severe damage during August to the cotton
crop sown in the month of June in Haveri district of Karnataka during 2009. It was
also seen in minor proportion in Raichur, Bellary, Belgaum, Gulbarga and Dharwad
districts and is endemic to Karnataka. The maggots are the damaging stage feed on
anthers and staminal column leading to degradation or decaying. About 3-15
maggots have been seen in a flower bud. The infested flower buds fail to grow

Deformity in bolls by D. gossypd damage

D. gossypd maggot feeding on flower




normally and are unable to open as the petals as well as tissue inside dries.
Subsequently flower dies due to degradation of flower organs. Squares do not
develop into bolls. Drying of tissue or death of flower leads to twisted or contorted
staminal column/ anthers. Tender bolls demonstrate the presence of small hole
exposing necrotic tissue within. Presence of pink or whitish coloured maggots are
seen when the bolls are cut open. The bolls do not reach to normal size and are
characterized by abnormal fibre development. Fly pupate inside the dried flowers
(Udikeri 2011). Historically, the pest was reported from Coimbatore (Tamil Nadu) as
a pest of cotton referred to as floral bud maggot (Ayyar, 1932).

7. Red cotton bug Dysdercus cingulatus Fab.

Red cotton bug Dysdercus cingulatus Fab. (Hemiptera: Pyrrhocoridae) is found to
infest cotton in all cotton growing regions spreading in Asia, Africa, USA and South
America. During off season it survives on Hibiscus spp., okra, Abutilon, etc. Both
adults and nymphs suck the sap from leaves, green bolls and seeds of partially
opened bolls. Affected bolls opened defectively and their lint is stained with the
excreta or body juices. Quality of the lint is affected and the attacked seeds become
unfit for sowing or oil extraction. Secondary infection due to bacteria results in rotting
of the entire content followed by discolouration of the lint to yellow or brown. Stained
or discoloured lint turns to typical yellow colour. Reddish nymphs are seen in
aggregation around developing and open bolls. Adult movement on the soil and over
the plant is commonly seen once the infestation initiate in cotton fields.

Red cotton bug infestation starts in 16" week after sowing in Bt-cotton and a week
later in non Bt-cotton. The maximum infestation 45.33% was recorded in 28" week
of Bt-cotton crop, 37.33% in 27th week of the non Bt-cotton. The overall infested
plants ranged from 5 to 40% in Bt-cotton while 1 to 31% in non Bt-cotton during
October to March (Sammaiah et al., 2012).

Red cotton bug adults measure about 12-13 mm in length and have deep red legs
and antenna. Forewings bear black spots. About 100-130 eggs are laid under the
soil in cracks and covered with loose soil with dry leaves. Nymphs are wingless and
pass through five molts. The development is completed in 50-90 days (Vennila et al.,
2007f).

Opened boll -"\bslod by nymph D. cingulatus




8. Dusky cotton bug Oxycarenus hyalinipennis (Costa)

Dusky cotton bug Oxycarenus hyalinipennis (Costa) (Hemiptera: Oxycarenidae) is
known as Bhurke dhekun (in Marathi), suck the sap gregariously from immature
seeds thereby affecting their development and maturity, remain light weight,
discoloured with severe shrinking and seed germination is severely affected. Adults
found in lint get crushed during ginning, emitting bad odor while staining the lint.
They cause irritation to workers during cotton picking. Discolouration of lint by large
number of nymphs and adults of brown to black colour are common. The pest
attacks mainly on cotton while malvaceous crops like okra, Sterculia spp. and Ceiba
sp. are alternate hosts. The infestation of O. hyalinipennis started in the 17° week on
Bt and non Bt-cotton and reaches peak infestation of 46.33% in Bt-cotton and 38%
in non Bt-cotton in 29" week. The infestation ranged from 2 to 41% in Bt-cotton and 2
to 35% in non Bt-cotton (Sammaiah et al., 2012).

Dusky cotton bug adults measure about 4-5mm long with pointed heads, dusky
brown with dirty white transparent wings and black spots on fore wings with deep red
legs. The eggs are laid singly or in small groups loose amongst the seeds in the open
boll. Each female lays around 25-40 eggs. Egg and nymphal period lasts for 7 and
26 days respectively. The development is completed in 40-50 days.

Aduft O. hyatmipennis
9. Green weevil Tanymecus princeps Faust

O. hyahnipennis infestation

Green weevil Tanymecus princeps Faust (Coleoptera: Curculionidae) was recorded
infesting non-Bt cotton during off-season at CICR, Nagpur. It was found feeding on
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cotton leaves. The weevil is green in colour measuring about 10-12 mm in length
and 5mm in width. The weevil is distributed in West Bengal, Gujarat, and Karnataka.

10. Cotton grey weevil, Myllocerus maculosus Desb.

Cotton grey weevil Myllocerus maculosus Desb. (Coleoptera: Curculionidae) is a
minor pest of cotton, adults are grey in colour while grubs are white and legless. The
pest remains active in cotton from April to October-November., Adults feed on
leaves, buds and flowers while grubs feed on the roots. Besides cotton, it feeds on
some of the host plants like bajra, maize, sorghum, guava, pigeon pea and
groundnut.

Adult M. maculosus
Biological control agents

by M. maculosus

In nature, various biological control agents such as predators, parasitoids/parasites,
entomopathogens like bacteria, viruses, fungi, nematodes etc. offer natural control
of pest at varying degrees and play a pivotal role in regulating pest population. In
cotton ecosystem, different groups of biological control agents are common. A rich
fauna of naturally occurring bioagents have been reported on insect pests of cotton
crop. India is very rich in biodiversity of biocontrol agents. From cotton alone 106
species of spiders, 450 species of coccinellids, 60 species of chrysopids and 26
species each of trichogrammatids and anthocorid bugs have been recorded from
India (Singh, 2001 & 2003). Presence of predators and their predation can be noted
visually, the occurrence of parasitoids could only be realized by observing the
activity of adult parasitoids within the specified area and more authentically by
rearing the host insects collected from the field in the laboratory. Nevertheless a
biological control agent offers significant natural control of cotton pests. Role of
predators, parasitoids, hyperparasitoids and entomopathogens is summarized
below.

Predators
1. Lady bird beetle Cheilomenes sexmaculata (Fabricius)

Lady bird beetle, Cheilomenes sexmaculata (Fabricius) (Coleoptera: Coccinellidae)
also commonly known as six-spotted zigzag ladybird, is a general predator of cotton



whiteflies, mealybugs, leafhoppers, mites, and early instar lepidopteran larvae. The
predator is distributed throughout India, Iran and Australia. Grubs and adults are
predatory. Besides cotton, this beetle occurs on sunhemp, maize, sorghum, rice,
finger millet, cowpea, okra, egg plant, cabbage, cauliflower, groundnut, lucerne and
several other plants. The beetle is active throughout the year in several parts of India
with several generations. Among the different insecticides tested, Buprofezin was
found to be the safest insecticide, to all the stages (eggs, larvae, pupae and adults)
of C. sexmaculata and pupae were found to be more resistant to the insecticides as
compared to the eggs (Aggarwal and Neetan, 2011).

The beetle population can be limited by Hymenopterans-Dinocampus coccinellae
(Schrank); Nothoserphus mirabilis Brues; Homalotylus eytelweinii Ratzeburg,
Homalotylus flaminius (Dalman), Homalotylus terminalis (Say), Oomyzus scaposus
(Thomson) Pediobius foveolatus (Crawford), Tetrastichus sexmaculatus Kurian,
Tetrastichus sp.; Hemipterans-Eocanthecona furcellata (Wolff)); Acari-Coccipolipus
sp.; Nematode-Parasitylenchus coccinellae Iperti & Waerebeke; Bacteria-
Wolbachia sp. (NBAII, 2013a).
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Adult C. sexmaculata Grub C. sex feeding on aphids
2. Lady bird beetle Cryptolaemus montrouzieri(Mulsant)

The Lady bird beetle, Cryptolaemus montrouzieri (Coleoptera: Coccinelidae),
commonly known as mealybug destroyer is one of the most commonly used bio-
control agents in various parts of the globe. Both larvae and adults feed on aphids,
mealybugs, scales, mites and other soft bodied insects (Bozsik, 2006; Jalali et al.,
2009) infesting many horticultural and plantation crops such as citrus, coffee,
ornamental plants, mulberry, egg plant, guava, mango, grapevine, sapota, etc.

C. montrouzieri is the first natural enemy deliberately introduced into India first in
1898 on the Nilgiri Hills to control Coccus viridis and other mealybugs on coffee
(Mayne, 1953) but it could not establish then. However, it was rediscovered in 1951,
since then, it has become a common predator of mealybugs and soft scales
infesting several horticultural and plantation crops and ornamental plants in
southern part of India. They are voracious predators of mealybug in nymphal as well
as adult stages. Historically, it has played a major role in the natural control of
different sucking pests, especially mealybugs (Mani, 1990; Mani and
Krishnamoorthy, 2008).







