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Surveys were conducted during 2016-18 revealed that the occurrence of the leaf curl
disease on tobacco in major growing districts of Karnataka ranged from 19.60 to 31.01
during 2016-18. Among the six districts surveyed, highest per cent disease incidence of
tobacco leaf curl virus was recorded in Shivamogga district (31.01) followed by Belagavi
(25.59) and lowest per cent disease incidence of 19.60 of TbLCV was recorded in
Chamarajangar district. The survey data imply that leaf curl disease is emerging as one of
the major diseases of tobacco. For the detection of the virus, total DNA was extracted and
PCR was carried out using pair of begomovirus specific Deng primers. All the isolates
collected at different locations showed characteristic band of 550 bp whereas no amplicon
was observed in healthy tobacco samples. This indicating the begomovirusis involved in
causing the leaf curl disease in tobacco.

Introduction

Tobacco (Nicotiana spp.) belonging to family
Solanaceae is one of the most important and
widely grown commercial crop in both tropics
and subtropics in the world. More than 70
species of tobacco are known, the chief
commercial crop is Nicotiana tabacum and the
more potent variant N. rustica is also used
around the world. N. tabacum, an annually
grown herbaceous plant and its leaves are
commercially grown in many countries to be
processed into tobacco. India is the second
largest producer of tobacco after China, and
shares about 11.42 per cent of world total
production of 761.32 tonnes in a total area of
4.49 lack ha followed by Brazil (FAOSTAT,

2016). Tobacco contains the following
phytochemicals: nicotine, anatabine,
anabasine. All parts of the plant contain
nicotine, which can be extracted and used as
an insecticide. The juice of the leaves used as
an insect repellent. It has a medicinal uses
via., first aid for stings, cuts remove intestinal
parasites, skin  rashes, eczema and
rheumatism, toothaches and toothpaste
(Anon., 2016). Tobacco is affected by several
diseases viz., Damping off, Frog eye leaf spot,
Fusarium wilt, wild fire disease, root knot
disease and viral diseases viz., tobacco mosaic
virus, tobacco leaf curl virus, tobacco necrosis
virus, tobacco streak virus etc. Among the
viral diseases, tobacco leaf curl disease has
been considered as an economically important
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disease after the tobacco mosaic virus which is
a limiting factor on crop growth and yield.

For the first time tobacco leaf curl disease was
occurred in Indonesia in 1912 and then in
Africa (Storey, 1931) and India (Pal and
Tandon, 1937). Tobacco leaf curl virus
(TbLCV) causes the most destructive disease
of tobacco (Nicotiana tabacum) in India and
substantial yield losses (Pal and Tandon,
1937; Reddy and Nagarajan, 1982).

The natural occurrence of the disease was
observed by Pal and Tandon (1937) and Pruthi
and Samuel (1937). Affected plants remain
stunted, their leaves develop vein thickening,
curling, veinal depressions and profuse
enations. The virus is transmitted in nature by
the whitefly Bemisiatabaci (Storey, 1931;
Pruthi and Samuel, 1939, 1942 and Kiriyama,
1972).

The incidence of disease caused by tobacco
leaf curl geminivirus (TbLCV) in ten tobacco
growing areas of India ranged from 1.2 to 77
per cent. The highest incidence of disease was
observed in Andhra Pradesh (77 %) followed
by Gujarat (59 %), Karnataka (17 %), Bihar
(11.6 %) and West Bengal (5.4 %) (Valand et
al., 1992).

Tobacco leaf curl causing virus belongs to the
genus Begomovirus, family Geminiviridae.
The begomoviruses have either monopartite
genome having one circular ssDNA
component of about 2.7 kb designated as
DNA-A, or bipartite genomes having two
similar size components designated as DNA-
A and DNA-B. The DNA A genome contains
four major genes encoding coat protein (CP),
replication initiator protein (Rep),
transcriptional transactivator protein and
replication enhancer protein. The DNA B
contains two genes encoding proteins required
for movement of virus, host range and
pathogenicity.

In recent years, tobacco leaf curl virus is
occurring regularly in India. In the present
investigation, an attempt was made to know
the incidence of the disease on tobacco in
Karnataka and detection of presence of virus
in the different tobacco leaf curl virus isolates.

Materials and Methods
Survey and collection of isolates

Surveys were carried out during the 2016-
2017 and 2017-2108 in major tobacco
growing areas of Karnataka, India to know the
per cent disease incidence of leaf curl disease.
The disease was diagnosed in the field based
on symptoms exhibited on plants.

The per cent disease incidence was assessed
by recording the number of plants showing
disease symptoms, out of the total number of
plants examined.

Diseased leaf samples of tobacco plants
showing typical symptoms of begomovirus
infection were collected and maintained under
glasshouse. These collected isolates were
inoculated to healthy tobacco seedlings with
whiteflies. These inoculated plants were kept
in insect proof glasshouse and observe for
symptom expression.

The percentage of disease incidence was
calculated by using the following formula
(PDI).

Number of infected plants
Per cent disease incidence = ------------- X 100
Total number of plants examined

Meanwhile, the leaves from the top of the
plants that showing leaf symptoms were
selected total DNA extraction and screened for
the presence of begomovirus  using
begomovirus specific primers (Deng et al.,
1994).
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Total DNA extraction

The total genomic DNA was extracted from
leaf tissues of healthy and leaf curl infected
tobacco plants of different isolates by C-TAB
method (Doyle and Doyle, 1990). Infected
plant tissue (150 mg) was ground in a pre-
sterilized pestle and mortar using C-TAB
buffer [100 mMTris (pH 8.0), 1.4 M NaCl, 20
mM EDTA, 2 % CTAB and 02 %
Mercaptoethanal] and transferred to sterile
eppendorf tube and incubated for 1 hour in
water bath at 65 °C. The supernatant was
collected into eppendorf tubes. To this added
equal volumes of chloroform and Isoamyl
alcohol (24:1) and mixed by vertexing. Then
the tubes were centrifuged at 13,000 rpm for
10 min. The supernatant was collected and the
DNA was precipitated by mixing with 0.1
volume of 7.5 M ammonium acetate and 0.6
volume of chilled isopropanol then incubated
at -20 °C for overnight. After incubation, the
tubes were taken out and centrifuged at 13,000
rom for 10 min. The supernatant was
discarded and the pellet was washed with 70
% ethanol and again centrifuged at 13,000 rpm
for 10 min, the supernatant was discarded,
vacuum dried for 10 min and re-suspended in
50 pl TioE; buffer. Amplification of viral
DNA by Polymerase Chain Reaction (PCR)
PCR was performed wusing a pair of
begomovirus universal primers. The forward
and reverse primers were: Deng A 5’
TAATATTACCKGWKGVCCSC -3° and
Deng B 5’-
TGGACYTTRCAWGGBCCTTCACA  -37,
respectively (Deng et al., 1994).

Results and Discussion
Incidence of the Tobacco Leaf Curl Virus
(TbLCV) disease in major growing districts

of Karnataka

Major tobacco growing districts of Karnataka
viz., Mysuru, Mandya, Chamarajnagar,

Shivamogga, Davanagere and Belagavi was
surveyed to assess the disease incidence of
TbLCV during 2016-17 and 2017-18. The
details of the places surveyed, age of the crop,
area covered, season of the crop, per cent
disease incidence and symptoms observed
during survey are presented in table 1 and 2.

The symptoms under field conditions
appeared as leaf curling, yellowing,
production of leaf like outgrowths i.e.,

enation, twisting of stem and rarely petioles
and finally stunting of the plant.

The average incidence of TbLCV disease
ranged from 19.60to 31.01 during 2016-18.
Among the six districts surveyed, highest per
cent disease incidence of TbLCV was
recorded in Shivamogga district (31.01)
followed by Belagavi (25.59) and lowest per
cent disease incidence of 19.60 of ThLCV was
recorded in Chamarajangar district. In Mysuru
district, the per cent disease incidence varied
from 16.99 to 27.40 and highest incidence was
observed in Hunsurutaluk (23.55 %). In
Mandya district, the per cent disease incidence
varied from 18.13 to 21.22. In Chamarajangar
district, the per cent disease incidence varied
from 17.18 to 22.19. In Shivamogga district,
the per cent disease incidence varied from
27.54 to 37.40. In Davanagere district, the per
cent disease incidence varied from 19.36 to
23.08 and Belagavi district, the per cent
disease incidence varied from 22.26 to 26.31.

In the present study, natural occurrence of
TbLCV disease varied among the districts
surveyed. However, TbLCV disease was
comparatively more in certain verities/hybrids
where highest population of the whiteflies in
that particular area. This could be attributed to
the genetic composition of the cultivars grown
in that area and the variation in the
environmental conditions like temperature and
relative humidity, vector population, cropping
pattern and collateral natural hosts.
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Table.1 Average incidence of tobacco leaf curl virus disease (TbLCVD) in major tobacco growing districts of Karnataka during
Kharif and Rabi seasons of 2016-18

District Taluk Village Area | Age of the Varieties Disease Symptoms
(acre) crop incidence
(DAT) (%)

Mysuru H. D. Kote H. D Kote 1.25 50 Kanchan 23.33 LC,Y,EN, TW, ST
Hanchipura 1.00 55 Kanchan 21.97 LC, Y, EN, ST
Haliyuru 1.00 50 CH3 24.22 LC, TW, ST
Dadalli 1.50 60 Kanchan 24.24 LC, EN, TW, ST
R. G. Hundi 1.75 80 Kanchan 19.54 LC,Y,EN, TW, ST
Hunsuru Hunsuru 5.00 75 V-2 24.37 LC,Y, ST
Ramanahalli 1.50 55 CH3 27.40 LC,Y,EN, TW
Nilavagilu 1.50 60 V-4 19.67 LC,Y,EN, TW, ST
Hegganuru 1.00 65 V-5 22.77 LC,Y,EN, TW, ST
Piriyapatna Piriyapatna 2.50 60 Kanchan 15.80 LC,Y, ST
Begur 2.00 70 Kanchan 18.22 LC, Y, EN, TW, ST
Chilkunda 1.50 65 CH3 21.37 LC, EN, TW, ST
Kalkere 1.75 70 Kanchan 18.94 LC,Y,EN, TW, ST
Kodihalli 1.25 70 K-323 17.69 LC,Y,EN, TW, ST
K. R. Nagar Krishnarajasagara 1.50 65 K-323 16.99 LC,Y,EN, TW, ST
Arjunahalli 1.50 65 CH3 18.43 LC, EN, ST
Akkihebbal 1.50 75 CH3 17.41 LC,Y,EN, TW, ST
K. R. Pet Bylapura 1.00 70 FCH222 18.95 LC,Y,EN, TW, ST
Honasoge 1.25 60 CH3 19.58 LC, Y, EN, ST
Saraguru 1.00 65 CH3 21.22 LC, TW, ST
Somanahalli 1.75 70 Kanchan 18.13 LC,Y, TW
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Madahalli 1.25 75 Kanchan 19.79 LC, Y, EN, TW, ST
Chamarajanagar Gundlupete Ankahalli 1.50 70 FCH222 22.19 LC,Y,EN, TW, ST
Beguru 2.00 65 Kanchan 21.39 LC, TW, ST
Manchahalli 1.50 55 Kanchan 17.18 LC
Shivapura 1.00 75 Kanchan 17.30 LC, ST
Vaddarahalli 1.25 80 Kanchan 19.99 LC,Y,EN, TW, ST
Shivamogga Shivamogga Shivamogga 5.00 60 CH3 37.40 LC,Y,EN, TW, ST
Abbalagere 1.50 75 CH 27.54 LC,Y,EN, TW
Bannikere 1.00 70 Kanchan 31.83 LC, TW, ST
Bithinahalli 1.00 55 CH3 31.50 LC, Y,EN, ST
HadonaHalli 2.00 65 FCH222 29.15 LC, Y, EN, ST
ThavareKoppa 1.50 70 FCH222 28.63 LC,Y,EN, TW, ST
Davanagere Honnali Jeenahalli 2.00 65 CH3 19.36 LC, TW, ST
Kenchikoppa 1.75 60 FCH222 23.08 LC,Y,EN, TW, ST
Kathige 1.50 70 FCH222 19.98 LC, ST
Kodikoppa 1.50 65 CH3 22.34 LC,Y,EN, TW, ST
Yankanahalli 1.75 55 CH3 20.13 LC, EN, TW, ST
Belagavi Chikkodi Nipani 5.00 85 NBD206 27.71 LC, EN, TW
Akkol 2.00 70 Al19 26.30 LC, TW
Lakhanapur 1.50 70 Vedaganga 26.31 LC, EN, TW
Mamadapur 1.25 65 Bhavyashree 25.43 LC,Y,EN, TW
Sadalaga 1.50 65 Bhagyashree 25.55 LC,Y,EN, TW
Sankanawadi 1.50 80 Al19 22.26 LC,Y,EN, TW

DAT: Days After Transplanting
Symptoms: LC=Leaf curl, Y=Yellowing, EN=Enation, TW=Twisting of the stem, ST=Stunting
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Table.2 Average disease incidence of tobacco leaf curl virus disease (TbLCVD) in major
tobacco growing districts of Karnataka during 2016-18

District Taluk Average disease District wise Average
incidence (%) 2016-18 | disease incidence (%) 2016-
18
]

H. D. Kote 22.66 20.55

Hunsuru 23.55
~  piriyapatna 18.40
" K.R.Nagar 17.61
K.R. Pet 19.67 19.67
Gundlupete 19.60 19.60
Shivamogga 31.01 31.01
Honnali 20.97 20.97
Chikkodi 25.59 25.59

Plate.1 Confirmation of tobacco leaf curl samples collected during survey for the presence of
begomovirus through PCR by using Deng primers

M1 23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1000bp

500bp
550bp

300bp
200bp

100bp

M: 100 kb ladder
Lane 1: Positive control

Lane 2: Healthy tobacco plant
Lane 3: Water blank

Lane 4, 5, 6: Mysuru samples

Lane 7: Mandya sample
Lane 8, 9: Chamarajanagar samples

Lane 10, 11: Shivamogga samples

Lane 12, 13: Davanagere samples

Lane 14, 15, 16, 17 and 18: Belagavi samples

Similar results were recorded by Singh et al.,
(2011) who reported that, in the survey of
tobacco growing areas in and around Pusa in
2007, 5-30 per cent incidence of Tobacco
yellow leaf curl disease (TbYLCD) was
observed. The incidence of disease caused by

tobacco leaf curl geminivirus (TOLCV) in ten
tobacco growing areas of India also been
documented (Valand et al., 1992).

The highest incidence of disease was
observed in Andhra Pradesh (77 %) followed
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by Gujarat (59 %), Karnataka (17 %), Bihar
(11.6 %) and West Bengal (5.4 %).

Detection of association of begomovirus in
tobacco leaf curl isolates

TbLCVD has been found to be caused by
number of begomoviruses in India and
elsewhere. It depends on the geminivirus
prevailing in the location. A begomovirus
specific degenerate Deng primers developed
by Deng et al., (1994) to the conserved
segment of DNA-A component of
begomovirus. The amplication of 550 bp
which is very specific to begomoviruses. The
primer set has been employed by the several
workers ~ for  detection of  many
begomoviruses. In the present study, initially
to find out association of begomovirus, total
DNA was extracted from all the collected
isolates. PCR was carried out pair of Deng
primers. All the isolates collected at different
locations showed characteristic band of 550
bp whereas no amplication was observed in
healthy tobacco samples and water control
(Plate 1), indicating the begomovirus
involvement in causing the leaf curl disease in
tobacco.

These results are on par with work done by
Aswathanarayana et al., (2006) who used
PCR technique to detect Jatropha Mosaic
Virus (JMV) in Dodder and individual adult
whiteflies of B. tabaci using Deng primers,
which amplified the product of approximately
0.5 kb size. These results were on par with
work done by Deepa (2016) who used PCR
technique to detect tobacco leaf curl virus
disease using Deng primers, which amplified
the product of approximately 0.5 kb size.
Similarly, Sinha et al., (2011) used the PCR
technique for the detection of the pepper leaf
samples collected from the plants showing
typical curling symptom which was infected
with pepper leaf curl virus (PLCV) for the
presence of virus in diseased plant samples

and the infected leaf DNA samples produced
a typical 550 bp amplification product and
confirmed it to be a begomovirus.

In conclusion, the disease incidence of the
tobacco leaf curl virus varied from one place
to another place and detection of the virus
using a Deng primers indicating the
begomovirus is involved in the causing the
tobacco leaf curl virus disease in Karnataka.
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