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INTEGRATED DISEASE MANAGEMENT TO REDUCE YIELD
LOSSES IN QUALITY COTTON
P. Chidambaram
Principal Scientist, Central Institute for Cotton Research,
Regional Station, Coimbatore-641003.
Cotton (Gossypium spp.) is a crop of warm climate and requires regular supply of
water, either natural in the form of rainfall or assured through canals from the above
surface and/or from underground sources. Although cotton is not a water loving plant,
it requires a regular supply of water for maintaining growth and balance between
vegetative and reproductive phase. About 55% of the world cotton area is under
irrigation and the balance is rainfed. Contrary 70 per cent of the cotton cultivated area
in India is under rainfed conditions. Water stressed seed or plant, will have poor
growth leading to low yield as well as exposure to diseases.
In India, the cotton is being grown in three distinct zones viz., North (Punjab,
Haryana, Rajasthan and few thousand acres in Utter Pradesh), Central (Gujarat,
Maharashtra and Madya Pradedsh) and South (Orissa, Andra Pradesh, Karnataka and
Tamil Nadu). In the North, Cotton is sown during April-May, in Central June-July
and in South July-September. In Tamil Nadu, the summer cotton as well as rice fallow
cotton are sown during January-February. In view of the differing agro-climatic
conditions, the prevalence of diseases also varies. All the four cultivated species of
Gossypium are affected by different diseases. Only are specific to individual zones.
few diseases are common for all regions and the rest
Since the quality cotton crop remains in the field for nearly six months or
more, it is affected by various diseases caused by organisms such as fungi, bacteria
and viruses that grow on and with in the plant tissues. These organisms often cause
stunting of the plants, defoliation, reduced vigour and yield and sometimes death.
Seeds and seedlings attacked by these pathogens often die, while older plants usually
survive but perform poorly. Diseases can also be caused by environmental changes
such as too much or too
little of water or fertilizer, air pollutants and chemical
injury such as those caused by herbicides and their residues. The diseases caused due
to environmental changes become localized and do not spread where as diseases
caused by organisms are contagious and can be spread by wind, water or vectors. We
discuss here some of the important diseases which affect the quality cotton caused
(Table 1) and their management through an integrated
approach.
Seedling diseases
Several species of fungi can cause seedling diseases, but the primary agents
are Rhizoctonia solani, Rhizoctonia bataticola (Macrophomina phaseolina) Pythium
spp., Phoma exigua (Ascochyta), and Fusarium spp.
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Symptoms:
These disease-causing organisms can attack the seed before or at germination.
They also can attack the young seedling before or after emergence. Symptoms include
seed decay, decay of the seedling before emergence, partial or complete girdling of
the emerged seedling stems, and seedling root rot. A soft and watery rot characterizes
seed and seedling diseases. Damaged seedlings that emerge are pale, stunted, slower
growing and sometimes die within a few days. Examination of infected seedlings may
reveal dark lesions on the stem and root. Often the taproot is destroyed, and only
shallow-growing lateral roots remain to support the plant. The “sore shin” phase of
seedling disease is characterized by reddish brown, sunken lesions at or below ground
level. These lesions enlarge, girdle the stem and cause it to shrivel.
Error! Objects cannot be created from
editing field codes.

Rhizoctonia solani – Seedling infection

Favourable factors for disease development:
Seedling diseases cause an estimated average annual yield loss of about five
per cent. Several fungi are responsible for this disease. However, cultural and
environmental factors that delay seed germination and seedling growth may
predispose the seed and seedlings to diseases. Seedling diseases occur more
frequently under cool, wet conditions and seem to be more prevalent on sandy soils
with low-organic-matter soils and other factors such as planting too deep, poor seed
bed conditions, compacted soil and nematode or insect infestations may increase the
problem.
Seedling diseases do not usually kill the entire seedling population, but rather
result in uneven, slow-growing stands with gappiness in the rows necessitating
replanting. The most common fungi associated with seedling diseases are Pythium
spp. and R. solani. Often both fungi can be found on the same seedling. The same
fungus may cause seed decay, seedling root rot or both. However, Pythium spp. and
Fusarium spp. usually attack the seed and below-ground parts of young seedlings,
while R. solani usually causes sore shin. Rhizoctonia solani and P. exigua may attack
seedlings from the time they emerge until they are about six inches tall. After this
stage, the stem becomes woody and subsequent infection rarely occurs unless the
stem is injured (Koening, 2000). The herbicides pendimethalin (Stomp) and
prometryn (Gesagard, Prometrix) that are currently being used on cotton may cause
significant increase in the incidence of R. solani-induced cotton seedling damping-off
in the field (Heydari and Misaghi, 2004).
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Foliar diseases
Bacterial leaf blight - Xanthomonas axonopodis pv. malvacearum

Dark green, watersoaked, angular lesions of 1 to 5 mm across the leaves and
bracts, especially on the undersurface of leaves. Hence called angular leaf spot.
Sometimes extensive dark green, watersoaked lesions along the veins known as vein
blight. Symptoms are usually more prevalent on lower leaves than on upper leaves.
Lesions dry and darken with age and leaves may be shed prematurely resulting in
extensive defoliation. Black lesions on the stem which girdle and spread along the
stem or branch known as black arm. Dark green, watersoaked, greasy, circular lesions
of 2 to 10mm across the bolls, especially at the base of the boll under the calyx crown.
As the boll matures the lesions dry out and prevent normal boll opening. This phase of
symptom is called as “Boll rot”

Favourable factors for disease development:
Pathogen inoculum may either be present in the field on infected crop residues
from a previous season or it may be introduced at planting within infected seed.
Lesions on cotyledons may be initiated by inoculum within the seed during
germination. Inoculum from infected crop residues may be splashed onto the foliage
and into the growing point of young seedlings where it can survive saprophytically on
leaf surfaces. When environmental conditions are favourable the bacteria enter the
plant via the stomata or wounds. Symptoms of bacterial blight develop when the
temperature is over 25ºC and relative humidity exceeds 85%. As lesions develop
bacteria exude out onto the leaf surface for further dispersal through wind driven rain.
The pathogen is able to enter the seed when mature, open, blight-infected bolls are
exposed to wet weather prior to harvest.
This disese is prevalent in the entire cotton growing tracts of India.
Alternaria leaf spot - Alternaria macrospora, A. alternata
Alternaria macrospora causes brown, grey brown or tan lesions 3–10mm in
diameter, especially on lower leaves. Sometimes with dark or purple margins and with
concentric zones. . Affected leaves develop an abscission layer, senesce and drop to
the ground. Circular dry brown lesions up to 10mm across may also be seen on the
bolls. A. alternata causes usually purple specks or small lesions with purple margins
on leaves and bolls.
Error! Objects cannot be created from editing field codes.
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Favourable factors for disease development:
The environment is most favourable within the crop canopy and therefore
Alternaria leaf spot should be most severe on lower leaves and least severe on the
upper leaves ( unless the upper leaves have been affected by premature senescence).
Plants with a high boll load are more susceptible than plants with a low boll load.
When a susceptible crop is exposed to a favourable environment, defoliation occurs
rapidly Epidemic development is therefore favoured by either repeated heavy dews or
extended periods of wet weather. Under ideal conditions, the pathogen kills the
surrounding leaf tissue and produces more spores on the surface of the lesions within
a few days. Numerous spores are produced on defoliated leaves on the ground under
the crop. The consistent association of A. macrospora leaf spot with conditions less
than optimal for growth of the host, specifically wind damage and inadequate
nutrition or drainage (poor soils). This disease is seen in all cotton growing areas, but
more serious in Gujjarat, Karnataka and Andhra Pradesh.
Grey mildew (Areolate Mildew/ Dahiya) - Ramularia areola
This disease initially appears on older leaves as the plants reach maturity, in
the form of irregularly angular, pale translucent spots, 1-10mm (usually 3-4 mm) in
diameter and with a definite and irregular margin formed by the veins of the leaf
(called areolate). The lesions are light to yellowish green on the upper surface. As the
spots grow older, the leaf tissues turn yellowish brown while a whitish frosty growth
appears chiefly on the under surface but occasionally also on the upper surface. This
is the conidial stage of the causal fungus. Lesions occur on the bracts subtending the
bolls. As the leaf becomes chlorotic, the lesion turns reddish brown and defoliation
takes place. Early and severe defoliation leads to premature boll opening and
immature lint.
Favourable factors for disease development:
In the south zone states of Andra Pradesh, Karnataka and Tamil Nadu, the
winter cotton season is favourable for disease development. The prevailing
temperature of 20-30 ºC from October to January helps in the onset and the
development of the disease. In addition, the intermittent rains during the north east
monsoon season help to maintain the wet and humid conditions which are conducive
for further spread and development. In central zone states, the weather is favourable
for disease development during the second half of the crop season.
Error! Objects cannot be created from
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Leaf Curl virus disease - Gemini virus
The initial symptom is characteristic Small Vein Thickening (SVT) on
young upper leaves of plants. Later, upward curling of leaves occurs due to the
uneven growth of veinal tissues on the abaxial side of the leaves.
Subsequently,formation of cup shaped or leaf laminar out growth called enations
appear on the underside of the leaf. In severe cases and in plants affected at early age,
reduction of inter-nodal length leading to stunting and reduced flowering/fruiting is
observed.
Favourable factors for disease development:
This viral disease is transmitted by the insect vector white fly (Bemisia tabaci)
which acquire the viral particles while feeding on a diseased host and transmit to a
healthy host. The virus and vector are having range of host plants including cotton,
brinjal, tomato, bhendi, tobacco and chilli and weed hosts like Abutilon indicum,
Tribulus terrestris, Achyranthus sp., Melilotus indica, Sida sp., etc.
Early
multiplication of the vector which reaches high population levels when cotton is still
young and highly susceptible leads to the early appearance of the disease. At present,
this disease is prevalent only in Punjab, Haryana and Rajasthan.

Wilt Diseases
Cotton wilts are caused by pathogens such as Fusarium oxysporum f.sp.
vasinfectum, Verticillium dahliae, non-pathogenic factors such as stem or ash weevil
etc. The details on the various wilts are given in the Table 2.
Verticillium wilt
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Integrated Disease Management:
A plant disease occurs when there is an interaction between a plant host, a
pathogen and the environment . Most plants are immune or completely resistant to
almost all pathogens. However, some pathogens have developed the ability to
overcome the natural resistance mechanisms of particular hosts. The host is then
regarded as being susceptible to that pathogen and the pathogen is described as being
virulent. When the environmental conditions are conducive, the virulent pathogen
attacksthe susceptible host and the disease develops. Therefore, any disease
management strategy should focus on the host, the pathogen and/or the environment.
Hence, an ‘Integrated Disease Management’ involves the selection and application of
a harmonious range of control strategies that minimize losses and maximize returns.
The following are some of the steps/strategies that can be adopted for the
management of the diseases.
1.

Proper Identification of pathogen causing the disease.

2. Exclusion of the pathogen from the area – ‘quarantine’. The pathogen from
entering particular area where the disease is not prevalent. Seed is the basic input for
any commercial venture of agriculture. It is needless to mention the importance of
good quality seed. In cotton, for obtaining good quality of seed, acid delinting with
commercial sulphuric acid (100 ml/kg of seed) followed by seed treatment with either
bio-fungicides or any systemic chemicals is being adviced. This the near total
elimination of disease of seed and seedlings.
3. Use of resistant varieties/cultivars
Use of disease resistant lines/hybrids is the basic tenet of any IPM programme.
Accordingly lots of disease resistant materials have been developed and released for
commercial cultivation. The following are the resistant variety/hybrid to the
respective diseases.
Disease
Verticillium wilt
Bacterial leaf blight
Grey mildew
Alternaria leaf spot

Variety/hybrid
MCU 5VT, Surabhi, Savita (Hybrid)
MCU 10, L 604, L 389
GMR 5, GMR 9 (resistant lines)
CCH4 (resistant line)
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CLCuV disease

RS 810, LHH 144, LH 1556, H 1117, F 1861, LRA
5166, Anjali, CP 15/2

4. Cultural practices
There are number ways to incorporate cultural practices in the integrated
disease
control system. As a general approach the farmers should take steps to sow only high
quality seed materials. Seeds having above 80% germination will have vigorous
growth and there by they do not suffer from infection due to soil borne organisms.
The farmers can have good stand.
A. Crop rotation is another important aspect which should be taken into
consideration especially for diseases like Verticillium wilt. Converting Verticillium
infested fields to paddy crop will greatly reduce the microsclerotial population in the
soil. It is also known that growing Chrysanthemum will be inhibitory to Verticillium.
Elimination of alternate hosts/weed hosts. The pathogens of Verticillium and
Fusarium wilts, Alternaria leaf spot, bacterial blight and leaf curl virus have many
weed/alternate hosts (e.g. Alternate hosts like Bhendi for CLCuV and its vector
should not be grown between March to June to avoid build up of virus and vector).
B. Time of sowing is also important. If the farmers are able to take up sowing during
warmer temperature (i.e. at 65°F temperature and above) there will be better
germination and seedling growth.
C. Irrigation management is an important factor involved in disease control. Timing
and duration of irrigations should satisfy crop water requirement without allowing for
excess water. Over watering will favour soil borne pathogen, where as use of overhead sprinkler systems will favour diseases affecting leaves. Accordingly the farmers
should manage crops.
D. Excessive application certain organic manures like poultry manure will induce
high vegetative growth. Dense crop growth is conducive for foliar diseases like
Alternaria leaf spot and grey mildew. Provision of balanced nutrition (e.g.) potassium
deficiency results in increased susceptibility to Alternaria leaf d application of
potassium increases the natural resistance of the host.
E. Field sanitation is another essential part of disease management. The main source
for the development and spread of the foliar diseases is only through previous year’s
crop residues and also weed hosts near the fields. Hence, destruction of the crop
residue as well as weed hosts around the field is essential. Crop residue management
to eliminate the pathogens being carried over (e.g. The CLCuV infected plants should
be uprooted immediately and burnt).
F. Incorporation of composts in to the soil is a fundamental cultural practice in
organic cotton production. Composts increase the soil fertility and also help in disease
management. The disease control is possibly effected through
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(i). Successful competition for nutrients by beneficial microorganisms
(ii). Antibiotic production by beneficial microorganisms
(iii).Successful predation against pathogens by beneficial microorganisms and
(iv).Activation of disease resistant genes in plants by composts.
One can enrich composts through incorporation beneficial microorganisms
like Trichoderma spp. which compete against pathogens and antagonize them. It is
well known that application of town compost having high percentage of cellulolytic
materials will increase the population of Trichoderma spp. there by helping in the
management of Verticillium wilt as well as root rot due to Rhizoctonia solani.helps.
5.Chemical control
Carbendazim 50 WP is an effective fungicide for the management of grey
mildew, Cercospora leaf spot and boll rot. The recently introduced triazole
compounds viz., propiconazole, hexaconazole, cyproconazole and tebuconazole and
prochloraz (imidazoles) Benzothiodiazole group chemical Bion (Benso (1, 2, 3)
thiadiazole -7-carbothioic acid S-methyl ester) are effective broad spectrum
fungicides which can be used in the management of grey mildew, Alternaria leaf spot
and other diseases of cotton (CICR annual report, 1998-1999 and Chidambaram and
Johnson, 2002). Control of insect vectors - diseases caused by virus (CLCuV) can
often be controlled by controlling the vector (White fly – Bemisia tabaci) that carries
the pathogen
6. Biological control
Biological control is an important area of focus in the discipline of Plant
Pathology. Every major university with department of Plant Pathology has one or
more faculty members conducting basic and/or applied research on biological control
organisms (Gardner and Fravel 2002). Biological control agents (BCAs) have been
found among the most abundant plant associated microbial genera such as PGPR –
Plant Growth Promoting Rhizobacteria (Bacillus, Burkholderia, Pseudomonas,
Streptomyces) and the fungal genera Trichoderma. While synthetic toxins have their
place in disease control, there is growing awareness that Biologically Based Pest
Management (BBPM) fitting in the existing IPM strategies provide more
environmental friendly and economically viable alternatives for agriculture. Whether
acting by competitive exclusion, biochemical antagonism or induction of host
defenses, BCAs must be well adopted for survival and functional activity in the
phytosphere (Gardner and Fravel, 2002).
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Biopesticides are cheaper than synthetic toxins by 50 per cent. They are
ecofriendly, have a high cost benefit ratio and do not induce resistance in plant
pathogens. The advantages of biological agents as seed treatment are i) the
saprophytic nutritional status of biocontrol agents makes large-scale production
feasibility, ii) small amounts of inoculum requirement, iii) simple methods of
application, iv) independent of energy sources for survival, v) systemic spread along
the surface of the developing root system vi) antagonistic activity on the root surface
during the economically important phase of early root infection by the pathogens, vii)
ecofriendly and viii) no resistance development in the pathogen. Their versatile
metabolism, fast growth, active movement and ability to readily colonize the root
surface make the rhizobacteria suitable for seed bacterization. In addition some of the
PGPR have the added advantage of plant growth promoting activities also (Shetty and
Raj, 2003). However, some of the disadvantages of the biopesticides are i) narrow
spectrum of activity, ii) inconsistent performance in practical agriculture, iii)
environmental sensitivity and iv) short shelf life. Application of biocides through seed
treatment and/or foliar sprays for control of Alternaria leaf spot, grey mildew
etc.Applications of biocontrol agents, that antagonize, inhibit or compete with the
pathogen.The application of biocontrol agents or systemic activators to turn on the
host plants natural defense mechanisms
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Table 1. Major diseases of cotton and their distribution in India
Disease
a. Seed
infection
b. Shore-shin
disease
c. Damping
off

d. Root rot

Organism
Seed and Seedling diseases
Alternaria, Aspergillus, Colletotrichum,
Fusarium, Rhizopus and Xanthomonas
axonopodis pv malvacearum
Rhizoctonia solani /
R. bataticola
Pythium, Phytophthora, Rhizoctonia solani,
R. bataticola, Fusarium solani, F.
moniliforme, F. o. f.sp. vasinfectum, f.
roseum, Ascochyta gossypii, Glomerella
gossipii
Xanthomonas axonopodis pv malvacearum
Macrophomina phaseolina (R. bataticola)
Sclerotium rolfsii (Collar rot)

Foliar diseases
a. Fungal diseases
Alternaria
Alternaria macrospora, Alternaria alternata
leaf spot
Grey mildew Ramularia areola
b. Bacterial Disease
Bacterial
Xanthomonas axonopodis pv malvacearum
blight
c. Vascular wilts
Fusarium oxysporum f.sp. vasinfectum
Fusarium
wilts
Verticillium
Verticillium dahliae
wilt
d. Viral diseases
a. Leaf
Virus
crumple
b. Leaf Curl
Virus
c. Stenosis
Virus

&

Distribution
India
Andra Pradesh, Maharashtra and
Tamil Nadu
Bihar, Madhya Pradesh Tamil
Nadu, Andra Pradesh and
Central India
North and Central India and not
common in South India
Punjab, Rajasthan, Utter
Pradesh, Bihar, Gujarat, Andra
Pradesh and Tamil Nadu
Maharashtra, Madhya Pradesh,
Andhra Pradesh and Tamil
Nadu

Karnataka, Gujarat Andra
Pradesh and Tamil Nadu
Madhya Pradesh, Bihar,
Maharashtra, Karnataka, Andra
Pradesh and Tamil Nadu
Tamil Nadu, Karnataka,
Maharashtra, Madhya Pradesh,
Andra Pradesh, Punjab, Haryana
and Rajasthan
Maharashtra, Gujarat, Madhya
Pradesh, Punjab, Haryana,
Andra Pradesh and Karnataka
Karnataka and Salem and
Madurai districts of Tamil Nadu
Maharashtra
Rajasthan, Haryana and Punjab
Gujarat, Andra Pradesh, and
Karnataka
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Table 2. Symptoms of wilting in cotton plants and their differentiation
Fusarium wilt
Caused by Fusarium
oxysporum f.sp.
vasinfectum

Verticillium wilt
Caused by
Verticillium dahliae

Sudden wilt
Unknown etiology

Plants may be affected
atg any time
throughout the season
Favoured by mean
temperatures above 23
°C

Most common late in
the season or after wet
and/or cool weather
Favoured by means
temperatures below
23 °C

Plant death, wilting,
yellowing, stunting,
defoliation, some
attempted re-growth

Leaf mottling, death
of leaf tissue between
the veins and around
margins, defoliation
sometimes
Dark brown, tan to
black discolouration
of vascular tissue
throughout the entire
main stem
Stand usually not
affected. Diseased
plants scattered
throughout stand

Occurs after wet
weather or water
logging
Favoured by
cultivation prior to
irrigation and warm
weather
Sudden wilting
followed by
defoliation and some
re-growth

Brown/chocolate
discolouratiojn of
vascular tissue
throughout the entire
main stem
Areas of reduced or
patchy stand usually
spreading in the
direction of irrigation

Soil-inhabiting, spread
with soil and plant
debris-especially in
irrigation water
Survives as singly
celled, thick-walled
chlamydospores (7-13
microns)
Can be seed borne
Host range- Sesbania,
Pea and dwarf
amaranths

Some browning of
vascular tissue in the
lower stem-especially
under the bark

Stand usually not
affected-isolated
plants or several
plants together in a
row-especially in low
patches or near tail
drain
Soil-inhabiting,
Soil-inhabiting,
spread with soil and
spread with soil
plant debris-especially especially in
in irrigation water
irrigation water or
flood water
Survives as multiSurvives as a
cellular, thick-walled
saprophyte living on
microsclerotia (30-60 plant debris in soil
microns)
Not seed borne
Not seed borne
Egg plant, sunflower, -soybean, potato,
tomato etc., and weed
hosts
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Insect damage
Stem weevil
(Phempherulus
affinis) and ash
weevil
(Myllocerus sp)
damage
Any time
--

Sudden drooping
of leaves followed
by wilting
Galls at the base of
plants due to stem
weevil. Rotted
damage due to
grub of ash weevil
--

--

--

---

