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Cotton Leaf Curl Virus Time Bomb

(Dr. K.R. Kranthi, Director of Central Institute
for Cotton Research (CICR), Nagpur has completed
his Ph.D in Entomology from IARI, New Delhi. He
has more than 20 years of experience in the field of
cotton research.

The views expressed in this column are his own
and not that of Cotton Association of India)

Introduction

Cotton leaf curl virus disease (CLCuD) is
transmitted to cotton plants by the whitefly
Bemisia tabaci (Genn.). Any host plant species
of the whitefly, if infected by the leaf
curl virus can serve as the source of
inoculums for the insect to acquire
and transmit the virus to cotton. The

by grafting or agro-inoculation or biolistic particle
bombardment.

Time Bomb: Why is the leaf curl virus like a
time bomb for India?

There is no cure for the leaf curl virus disease.
For the first time in the country, almost all the
cultivated cotton hybrids were found to harbour
the virus in all the districts of North India. A
new aggressively virulent recombinant virus
called ‘Burewala species’ is prevalent all across
North India and Pakistan. Sources of resistance

have not been identified as yet. The

hybrids for cultivation in North

whiteflymediated diseasetransfertakes
about 30 minutes for virus-acquisition
and 10 minutes for transmission.
The virus (CLCuV) along with two
satellite DN'A molecules infects plant
cells and uses the cell DNA for its own
survival and replication. The viral
complex moves from cell to cell in the
plants through the plasmodesmata
thus spreading all through the plant. This process
causes leaf curling and characteristic enations on
the underside of the leaves. When the disease
occurs during the early stages, the crop gets
severely stunted resulting in very low yields
and poor fibre quality. The virus can severely
debilitate susceptible varieties thereby resulting
in complete yield loss. The CLCuD pathogenic
complex is not seed transmitted. The virus
complex is transmitted from plant to plant only
by the whitefly. The disease can be experimentally
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N IYED" situation is getting out of control with
- é 6i a rﬂ r{ 3 the approval of 250 new Bt cotton
g e

India - with a majority of them being
CLCuV susceptible. Further, new
hybrids are being released every year
without confirming their tolerance to
the virus. Late sowing aggravates the
disease. The late release of canal water
leads to late sowing, thus making it
ideal for the disease to spread and
establish itself in North India.

Following are the details why the disease
is a time bomb.

1. The cotton leaf curl virus can be severely
debilitating resulting in complete yield loss

2. There is a new highly virulent species of
recombinant virus called the ‘Burewala
species” which originated in Pakistan during
2001-02 and has now spread all across
North India. This new species resulted from
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the combination of two virulent species of
Pakistan called ‘Multan species” and Kokhran
species’.

Evolution of new virulent species from
recombination of leaf curl viruses of other
crops is possible because of the common
vector whitefly which infests many crops
and weeds to acquire viruses from infected
plants.

All the cotton varieties and hybrids tested
in India against the ‘Burewala species” have
shown susceptibility to varying degrees.
Unfortunately all the Bt cotton hybrids
which were partly tolerant 4-5 years ago are
breaking down before the ‘Burewala species’
only to become more and more susceptible
progressively every year.

There are no fool-proof remedial measures
against the leaf curl virus, except combating
the menace through development of resistant
varieties. But, currently there is no source
of resistance available anywhere that can be
used to develop resistant varieties against the
‘Burewala species’.

Therearenochemical or physicalinterventions
that can have a curative effect on the leaf curl
virus.

Cultural practices such as early sowing and
removal of weeds can reduce the disease-
damage to some extent.

Attempts to develop GM cotton resistant to
the leaf curl virus have also not shown any
promising results, yet.

The highest level of leaf curl virus inoculum
more than like ever before, has accumulated
over the past 3-4 years in the ecosystems of
North India because of extensive cultivation
of CLCuD-susceptible Bt-cotton hybrids in
Rajasthan, Haryana and Punjab. The area
under new Bt cotton hybrids is more than
95% of the area in Haryana and Punjab and
about 80% in Rajasthan.

Several weed species were found to harbour
and sustain the ‘Burewala species” inoculum
all across North India. Notable amongst
these are Althea rosea, Achyranthus aspera,
Chenopodium album, Convolvulus arvensis,
Croton sperciflorus, Clerodeadron eneansi,
Corchorus acutangularis, Eclipta alba,
Parthenium hysterophorus, Lantana camara,
Sida spinosa, Trianthema monogyna and
Tribulus terrestris.

It is interesting that though CLCuD was
reported to occur in Pakistan since 1967,
it was not a significant problem for cotton
cultivation in Pakistan prior to 1988. The
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Leaf Curl Virus (concept and drawing K. R. Kranthi)
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introduction and cultivation of the highly
susceptible varieties S12 and CIM-70 in 1988,
is presumed to have triggered the change that
led to the conversion of a hitherto insignificant
disease into an epidemic. Clear lessons should
be learnt from this incident by India, so as to
prevent any further approval of susceptible
varieties or hybrids.

More than 250 new Bt-cotton hybrids were
approved during the past five years for
cultivation in North India. Further, more
and more new hybrids are being approved
for cultivation in North India each year, thus
providing new susceptible sources and also
possibilities of enhancing the viral inoculum.
Bt cotton hybrids that are approved for
Central and South India but not approved for
cultivation in North India are also being sold
in the North. Many non-descript Bt hybrids
are sold illegally in North India, thus making
the situation still more vulnerable.

The Desi species Gossypium arboreum and
Gossypium herbaceum are immune to all the
species of leaf curl viruses. Unfortunately the
area under Desi cotton declined from 25% to
a negligible presence over the past 6-7 years.

The whitefly species Bemisia tabaci in North
India has been recently showing high level of
resistance to the recommended insecticides,
thus enhancing insect survival and thereby
increased vulnerability to the transmission of
virus.

CLCuD was recorded in Sindh province
of Pakistan for the first time in 2004.
Providentially, the ‘Burewala species’ is less
prevalent in this region, but can reach there
over a period of time. This can be disastrous
for both Pakistan and India, but more so for
India because of the proximity of Gujarat,
which now contributes the highest cotton
production in India.

Recently, the African CLCuD-associated
begomovirus, CLCuGeV (Cotton Leaf Curl
Gezira Virus) of African origin was first
reported in 2011 from cotton in southern
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Leaf Curl infe(;'té-d plant (photo: Dr Arup Mukherjee). .

Pakistan in the Sindh Province. This poses a
new threat for possibilities of direct damage
and also for the evolution of new recombinant
viruses thatcan play havocif they reach Gujarat.

19. Thus far Central and South India have been
free of the cotton leaf curl virus. An isolated
report in 1996 of the occurrence of cotton leaf
curl virus in Bangalore was an exception.
Recent survey reports of the cotton leaf curl
virus from Aligarh in UP are disturbing. It
can be dangerous for the future if proper care
is not exercised now to prevent any possible
spread to Central and South India.

20. Recentreports of leaf curl virus in Guangdong
and Guangxi provinces of China in 2010 point
out to the worrying possibility of long range
accidental spread.

21. The cotton-wheat system does not easily
permit any alteration in the crop-season
window in India, which may have otherwise
created opportunities for pest and disease
escape due to changes in sowing time.

22. Late sowing due to late release of canal
water is creating congenial conditions for the
disease to get aggravated and thus creating
more inoculums in the farm ecosystems.

All these factors together can result in an
unprecedented damage and thus represent a time
bomb ticking constantly waiting to explode under
situations ideal for the insect and the virus.

The disease causal agents

The cotton leaf curl virus disease in India and
Pakistan is recently dominated by a pathogen
complex comprising of

1. The Cotton leaf curl Burewala virus
(CLCuBuV) accompanied with

2. Cotton leaf curl Multan Dbeta-satellite
(CLCuMuB) and

3. Alpha-satellite
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The CLCuBuV and other viruses that cause
the leaf curl virus disease in the Indian sub-
continent are single stranded monopartite DNA
begomoviruses (genus Begomovirus: family,
Geminiviridae) encapsulated in twin quasi-
icosahedral capsid geminate particles. The virus
acts as a helper to assist the alpha and beta-
satellites. The beta satellite CLCuMuB plays a
role in disease transmission through replication,
systemic movement in plants and transmission
between plants, presumably by trans-
encapsidation in the helper virus’ coat protein.
The alpha-satellite replicates independently and
also regulates the CLCuBuV and the beta-satellite
CLCuMuB, possibly to sustain their presence
in the host plants for a longer time to enable a
continued transmission by the vector whitefly.
The two satellite non-viral single stranded DNA
molecules are necessary for the disease expression.
The two satellites suppress the host defense
systems thus leading to increased virulence and
severe disease symptoms.

Different species of the virus

The infected plants in the recent CLCuD
epidemics in India and Pakistan were found to
contain one or more of six of the following species
of begomo-viruses:

1. Cotton leaf curl Burewala virus (CLCuBuV),
2. Cotton leaf curl Alabad virus (CLCuAlV),

3. Cotton leaf curl Kokhran virus (CLCuKoV),
4. Cotton leaf curl Multan virus (CLCuMuV),

5. Cotton leaf curl Rajasthan virus (CLCuRaV)
and

6. Papaya leaf curl virus (PaLCuV)

The ‘Burewala CLCuBuV’ species which is the
main virus associated with recent wide-spread
occurrence of the disease in Pakistan and India
was found to have evolved through recombination

Upward curling of leaf with enation (Photo: Dr Monga)
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of two virus species, the Cotton leaf curl Kokhran
virus (CLCuKoV) and the Cotton leaf curl Multan
virus (CLCuMuV). The tomato leaf curl Bangalore
virus (ToLCBaV) prevalent in India is yet another
threat that can cause the disease and serve as a
source for the evolution of new highly virulent
recombinant viruses.

A brief history

CLCuD has been a persistent problem for
about a century in various parts of Africa after
it was first reported from Nigeria as outbreaks
in 1912 and 1924 and in Tanzania in 1926. The
disease has been prevalent at a low level on the
Egyptian species Gossypium barbadense in Egypt
and Sudan. CLCuD caused an estimated yield
loss of 30-40% in Gezira, Sudan during 1950s.

Though known to cause damage to cotton in
Africa, the disease was not of any consequence in
Asia or the Indian sub continent until 25 years ago.
CLCuD was first reported in 1967 near Multan,
but the symptoms started appearing only from
1973 in popular cotton varieties such as 149-F
and B-557. One of the reasons was replacement
of smooth varieties that were susceptible to leaf
hoppers with the hairy varieties many of which
were tolerant to leaf hoppers, but susceptible to
the whiteflies. During the subsequent years, there
were intermittent reports of increase in disease
spread mostly around Multan, Khanewal and
Vehari which reached an epidemic proportion
in 1993 with 8.9 lakh hectares that comprised
about one-third of Pakistan’s cotton area under
the severe grip of the virus. The production
was 128 lakh bales in 1991-92 but declined to 79
lakh bales during the epidemic years in 1994-
95 indicating 30-40% losses due to the disease.
This epidemic was caused by the ‘Multan species
CLCuMuV’. The disease caused an estimated
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loss of Rs 27,500 crores between 1992 and 1997.
Efforts were intensified in Pakistan and India to
develop resistant varieties using the CICR variety
LRA 5166 as a resistant donor and cultivate the
resistant varieties especially in hot-spot districts.
Though sporadically prevalent, the disease
declined until the year 2000. However there was
a second outbreak in the Burewala area of Punjab
province during the 2001-02 season and reduced
the production to 100 lakh bales in the years 2002
and 2003. A new ‘Burewala CLCuBuV species’
had infected all the varieties that were resistant
to the ‘Multan CLCuMuV species’.

In India, CLCuD was first reported during
1989 at IARI, New Delhi on the Egyptian cotton
species, Gossypium barbadense. The first
reports of the disease on the American species
Gossypium hirsutum appeared in 1993 from
Sriganganagar and Ferozepur along the border
of Pakistan. The disease gradually spread to
other districts over the subsequent few years
and reached an epidemic form to affect 2.0 lakh
hectares, especially in North Rajasthan and
adjoining regions of Punjab and Haryana in 1996
and 1997. Surprisingly, India experienced the
leaf curl virus outbreaks in 1993 and 1996 just
concurrent to the occurrence of epidemics in
Pakistan during 1992 and 1995. Studies showed
that the ‘Multan CLCuMuV’ and the ‘Rajasthan
CLCuRaV’ caused the disease until 2003.
Subsequently the ‘Burewala CLCuBuV’ became
the main dominant species because it could
infect all the varieties that were resistant to other
strains of the virus, mainly the “‘Multan species’.
In a significant move to combat the disease, the
All India Coordinated Cotton Improvement
Program (AICCIP) made it mandatory that only
varieties or hybrids resistant to the CLCuD
would be approved for identification, notification
and cultivation in North India. The resistant
varieties RST9, RS875, RS810, RS2013, F1861,
LH2076, H117, H1126 and resistant hybrids
LHH144, CSH198, CSHH238 and CSHH243 were
cultivated until 2007 to reduce the disease quite
significantly. The leaf curl virus damage in India
during the years 1998 to 2006 declined due to the
cultivation of resistant varieties and intensive
measures to control the whitefly and weeds.
However, the complete replacement of varieties
with new Bt cotton hybrids after 2007 changed the
scenario. By 2008, the disease starting showing
up in Punjab and parts of Haryana when the area
under Bt cotton hybrids reached 50%. During the
2009 and 2012, the disease was very severe in the
districts of Ferozepur, Muktsar, Faridkot, Abohar
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and Fazilka in Punjab. In Haryana, the disease
was widespread after 2010 with Jind, Fatehabad,
Hisar and Sirsa being affected. Interestingly,
unlike Punjab and Haryana, Rajasthan did not
adopt the new Bt cotton hybrids so readily.
The area under Bt cotton hybrids in Punjab and
Haryana reached 50% in 2007 and 70% by 2008,
whereas in Rajasthan, the area under Bt cotton
hybrids was only 10% in 2007 and 25% in 2008.
By 2011, the area under Bt cotton hybrids reached
more than 90% in Punjab and Haryana but was
less than 70% in Rajasthan. It is probable that the
slow rate of adoption of the new Bt-hybrids in
Rajasthan resulted in low to moderate levels of
disease incidence in the state. The data suggest
that indiscriminate introduction and cultivation
of new hybrids can aggravate the problem.

Management strategies

1. Strictenforcement to ban CLCuD susceptible
varieties and CLCuD susceptible Bt-hybrids
in North India and ensure that only tolerant/
resistant genotypes are cultivated

10.
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Promote the cultivation of Desi species
Gossypium arboreum and Gossypium
herbaceum especially in the districts
bordering Pakistan

Identify resistant sources on priority and
attempts must be made to pyramid resistance
genes

Destroy infected plants, especially after
harvest

Crop rotation with crops that are not host
plants for whiteflies

Early sowing to escape pest and disease
infestation

Destruction of off-season weeds and clean
cultivation during the season to minimise
sources of virus inoculum

Develop and implement effective strategies
for whitefly management

Avoid cultivation of malvaceous crops such
as okra (bhendi) or tomato especially in
disease prone areas.

Avoid cultivation of American cotton,
Gossypium hirsutum in orchards.



