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Verticillium Wilt Disease is one of the most important diseases affecting the rate of
cotton yield. There is no economic chemical control for Verticillium wilt, but it is
recommended to use resistant varieties to control this disease. This experiment was
carried out in a randomized plot design with four replications in the growth chamber to
determine the response of some cotton cultivars against a defoliating and non-defoliating
pathotypes of Verticilllium dahliae Kleb. In the study, a total of twenty cotton cultivars
i.e. the resistant control GIZA 75, the tolerant control CARMEN and the susceptible
control ACALA SJ2, defoliating (PYDV6 isolate) and non-defoliating (Vd 11 isolate)
pathotypes were used, and cotton varieties were tested using conidial suspension
technique. Analysis of variance showed significantly (P<0.05) differences among cotton
cultivars. The lowest disease severity for the defoliating pathotype was determined in the
resistant control GIZA 75 (1.00), followed by the tolerant control CARMEN (1.75) and
FAMOSA (1.87). The highest disease severity was determined in the susceptible control
ACALA SJ2 by 3.50 and BEREN by 3.12. The lowest disease severity for the non-
defoliating pathotype was again determined in the resistant control GIZA 75 by 0.35,
followed by the tolerant control CARMEN and GAIA. The highest disease severity value
was again found in the susceptible control ACALA SJ2 by 2.50 followed by BEREN
2.12. As a result, cotton cvs FAMOSA and GAIA were tolerant to Verticillium wilt and
BEREN was found to be susceptible.
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Introduction

Cotton (Gossypium spp.)

seeds that have 17-24% fat.

Cotton is cultivated in 30.085.000 ha area mostly in
Asia, and then in America and Africa, and a total of
22.480.000 tons fiber cotton are produced all over the
world (USDA, 2016). In our country, cotton is cultivated
in 416.000 ha area in for main regions, Southeastern
Anatolia, Aegean, Cukurova and Antalya. A total of
756.000 tons of cotton fiber yield is produced in this
regions (Anonymous, 2017). Turkey ranks the 7% in the

world with 2.5% (USDA, 2016).

is an
cultivated in nearly 70 countries as the means of living for
180 million people. Its natural fiber, the oil obtained from
its seeds, and other by-products make it become an
economically important plant (Akgar, 1986). The cotton
plant provides raw material for more than 50 industrial
branches with its fibers that contain 94-96% cellulose and

industrial There are many factors limiting the production of
cotton cultivation. One of these factors is the Verticillium
wilt caused by Verticillium dahliae Kleb. The pathogen
may cause wilt in more than 400 plant species with a
series of host plants like vegetables, ornamental plants,
legumes, industrial plants, fruit trees and weeds (Joaquim
and Rowe, 1990).

In our country, the losses in cotton cultivation due to
Verticillium wilt are detected in Izmir, Aydin and Manisa
with 12%, in Adana with 12%, and in Antalya with 4%
(Esentepe, 1974; Sezgin, 1985; Sagir et al., 1995; Celik et
al., 2010). In the world, annual losses in cotton cultivation
due to Verticillium wilt were reported as 1.5 million bales
(Nemli, 2003). Meanwhile, it has been reported in several
studies that these losses might be reduced by selecting
very susceptible cultivars, and using the resistant cultivars
that have high-level performance (Bell, 2001).
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Verticillium spp. invades the xylem and cause
obstruction in it, thus causing great damage in the plant in
terms of yield and quality (Beckman, 1987; Tjamos et al.,
2000; Pegg and Brady, 2002). It is already known that the
disease factor sustains its life in soil with the help of its
microsclerotia even in unfavorable conditions, and may
stay alive in soil more than 20 years (lsaac, 1967). The
pathogen enters the roots of the plant, proceeds to external
cortical layer, invades endodermis and then carried
through transpiration and causes obstruction in xylem
vessels (Rowe and Powelson, 2002). The symptoms of
wilt start from the lower leaves, and partial drying
sections and shrivels are observed. If the seeds are planted
late, or if the disease starts early, the height of the plant
remains short, the number of the boll decrease, the
already-formed bolls remain small, and finally, the plant
dies (Agrios, 2005). Due to the disease, the percentage of
unripen fibers increases, fiber quality parameters such as
fiber length and fiber strength decrases, and seed weight
and seed vitality also reduce (Watkins, 1981).

In the control of Verticillium wilt, crop rotation,
balanced fertilization, and irrigation, and weed control as
well as the development of resistant cultivars have been
basic approaches. One of the most effective methods for
controlling a disease that does not have an economic
chemical control is reported as the use of resistant
cultivars (Onan and Karcilioglu, 1998).

In a study, was conducted to determine the reactions
of cotton cultivars against both pathotypes of V. dahliae,
it was determined that the cvs Deltapine 15/21, Maras 92,
Sayar 314 and Ersan 92 cultivars were very susceptible to
T-1 race; cv Deltapine 15/21 was very susceptible to SS-4
race; Acala cultivars were resistant at a moderately;
standard cv Cukurova 1518 was very susceptible to both
races; cvs Giza 45, Giza 75 and Askabat were resistant to
T-1 race in field conditions; and all the other cultivars
except DPL 15/21, Cukurova 1518 and Sayar 314 were
moderately or highly resistant to SS-4 race (Kurt and
Bigici, 1998). In the study conducted in the greenhouse
conditions with 5 cotton genotypes, cotton genotypes
showed susceptible to Verticillium wilt at different levels
(Corato et al., 2000). In a study carried out to determine
the susceptibility of cotton cultivars to Verticillium wilt
Gore et al. (2004) reported that the susceptible ones were
more common than the tolerant ones; and the Carmen, N-
84-S, STG-14 and NDT-11 genotypes showed tolerant
reaction to the disease, and the remaining genotypes were
susceptible or very susceptible to the disease. Korkmaz
(2005), conducted a study with 10 cotton cultivars
between 2002-2005 years in Kahramanmaras, and
reported that Ersan 92, Maras 92, Sayar 314, Stoneville
453 and Golda cultivars were resistant to the Verticillium
wilt; Teks and Carmen cultivars were tolerant; cvs
Cukurova 1518, Karlik and Aktas 3 were susceptible.
Galbieri et al. (2008), examined 25 cotton genotypes in
the greenhouse conditions in terms of resistance against
Verticillium wilt, and reported that the majority of
genotypes had different resistance levels. Gozcii et al.
(2012), conducted a study on 13 cotton cultivars in
Kahramanmaras in 2009-2010 years, and determined that
cv Teks was the most tolerant; and the GSN-12, St-468,
Ayhan 107 and BA 525 cultivars as tolerant ones.
Karademir et al. (2012), performed a study to determine

the reactions of 10 different cotton cultivars commonly
grown in Diyarbakir against Verticillium wilt, and found
that cvs Teks, Golda and Carmen were tolerant in terms
of the disease severity in the leaves and stems, and Maras
92, Sayar 314 and St-453 cultivars were susceptible.
Erdogan and Kurt (2013), conducted a study to determine
the susceptibility of some cotton cultivars to both
pathotypes of V. dahliae in cotton plants which received
PYDV6 and Vdl1l isolates, and determined that the
lowest disease severity was in tolerant control Giza 45
and the highest disease severity in susceptible control
Albania 61-72.

The aim of the study was to determine the reactions of
new cotton cultivars with high yield and fiber quality
properties in our country against the defoliating and non-
defoliating pathotypes of Verticillium Wil Disease under
the growth chamber conditions.

Materials and Methods

Cotton genotypes and V. dahliae isolates

17 cotton cultivars growing in our country (Harem,
2014), and a total of 20 cotton cultivars such as resistant
GIZA 75 (Kurt and Bigici, 1998), tolerant CARMEN
(Erdogan et al., 2006) and susceptible ACALA SJ2
(Erdogan et al., 2014) cultivars against Verticillium wilt
included in the study (Table 1). In pathogen inoculations,
the Vd1l (non-defoliating pathotype) and PYDV6
(defoliating pathotype) isolates of V. dahliae isolated
from cotton and known for virulence level were used in
the study (Erdogan, 2009).

Table 1 Species and origins of cotton cultivars in the

experiment

Cultivar Species Origin
ACALA SJ2% | Gossypium hirsutum USA
ADN 811 Gossypium hirsutum TURKEY
AKSEL Gossypium hirsutum TURKEY
BEREN Gossypium hirsutum TURKEY
CARISMA Gossypium hirsutum TURKEY
CARMEN? Gossypium hirsutum AUSTRALIA
DICLE 2002 | Gossypium hirsutum TURKEY
DP 419 Gossypium hirsutum USA
FAMOSA Gossypium hirsutum USA
GAIA Gossypium hirsutum USA
GIZA 753 Gosyypium barbadense EGYPT
LYDIA Gossypium hirsutum TURKEY
NATA Gossypium hirsutum USA
OZKAN Gossypium hirsutum TURKEY
PG 2018 Gossypium hirsutum TURKEY
PRIMERA Gossypium hirsutum AUSTRALIA
SG 501 Gossypium hirsutum USA

ST 474 Gossypium hirsutum USA
STV 373 Gossypium hirsutum USA
UGUR Gossypium hirsutum TURKEY

1Susceptible-control, 2Tolerant-control, *Resistant-control

Pathogen inoculations
In pot trials, the susceptibility of cotton cultivars to V.
dahliae was determined with conidial suspension
technique. The experiment was carried out in a
randomized plot design with four replications in the
growth chamber (at 24+1°C, 12h light/12h dark cycle).
1489
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For this purpose, mixture of equal parts of soil, sand, and
turf were sterilized at 121°C for one hour, filled in plastic
pots (5 cm in diameter) and 4 seeds were planted in each
pot. When the seedlings were at cotyledon leave period,
one plant was left in each pot. For inoculation, 2-week-
old culture of V. dahliae isolates (Vd1ll and PYDV6)
being highly virulent which were grown in Potato
Dextrose (Difco) broth medium were used. After a certain
amount of water was added to the V. dahliae cultures,
fungal conidia was transferred to the water from the agar
surface with a sterile spatula; and spore suspension was
filtered with 2 layers of sterile cheesecloth to remove the
mycelium and agar particles. Five ml of spore suspension
adjusted to 4 x 10° spores ml' with the help of
haemocytometer was poured to the bottom parts of each
plastic pot. Control plants were treated similarly with
sterile distilled water. Then, the plants that were in 4-6-
leave period were transferred into the pots treated with V.
dahliae inoculum.

Disease evaluation

Inoculated and control cotton plants were assessed
based on the progression of the disease nearly 3-5 weeks
later after inoculation using a scale of 0 to 5 (Tsror et al.,
2001) (Tablo 2). Disease Severity Index (DSI) was
calculated using the formula and data obtained from the
experiment were subjected to Arcsin for transformation
(Karman, 1971).

DSI=[(ax0)+(bx1)+(cx2)+(dx3)+(ex4)+(fx5)][/M (1)

DSl :Disease severity index; a, b, c, d, e, f: The plant
number with degree 0, 1, 2, 3, 4, 5 respectively,
M  :Total plant number.

Statistical analysis

All data obtained in the experiments were analysed
statistically by using JMP statistical software program
(5.0.1, SAS Institute, Cary, NC) for analysis of variance
and means were compared using Fisher’s protected least
significance difference (LSD) test at 5% probability level
(Steel et al., 1997).

Table 2 The 0-5 scale used in determining the reaction of
the cotton cultivars against Verticillium Wilt

SV Disease symptoms

0  No symptoms

1  Chlorosis in lower leaves

2 Moderate (30-50 % of leaves) wilt with severe chlorosis
3 Moderate wilt and necrosis

4 Severe (more than 50 % of leaves) wilt and necrosis

5 Dead plant

SV: Scale Value
Results and Discussion

The mean disease severity values obtained from the
pot trial of the cotton cultivars in the growth chamber are
given in Table 3. In the statistical analysis made in the
leaves in terms of disease severity, the difference between
the cultivars was found to be significant (P<0.05). The
disease severity values of the PYDV6 (defoliating
pathotype) isolate in the leaves were found to be higher

than those of the Vd11 (no-defoliating pathotype) isolate
(Table 3). The authors of the study interpreted this
situation with high virulence, the lack of resistant
cultivars, fast progression of the infection, and the plant’s
losing its leaves that did not have any symptoms in a very
fast way after the infection (Daayf et al., 1995; Korolev et
al., 2001; Zhengjun et al., 1998). Wu and Wu (1997)
reported that the defoliating races of the pathogen were
the most virulent races, and these races limited cotton
production all over the world. In previously conducted
studies, it has been reported that cotton cultivars showed
susceptibility to both pathotypes of V. dahliae at different
levels. In result, most of the cultivars were very
susceptible to defoliating pathotype in the growth
chamber conditions, and the cv Carmen was resistance to
both pathotypes at different levels (Gore et al., 2009;
Erdogan and Kurt, 2013; Erdogan et al., 2014; Erdogan et
al., 2015).

In the pot trial, in terms of disease severity values in
the leaves, in the cotton cultivars with Vd11 isolate, the
lowest disease severity average value was determined in
the resistant control GIZA 75 (0.35), followed by the
tolerant control CARMEN (1.37) and GAIA (1.37). The
highest mean disease severity value was detected in
susceptible control ACALA SJ2 by 2.50, and in BEREN
by 2.12. The average lowest disease severity value in the
PYDV6 isolate belonging defoliating pathotype was
detected in again in resistant control GIZA 75 (1.00),
followed by tolerant control CARMEN (1.75) and
FAMOSA (1.87). The average highest disease severity
value was detected again in susceptible control ACALA
SJ2 (3.50) and in BEREN (3.12). In terms of mean
disease severity values, the results determined in
FAMOSA, GAIA and PG 2018 cotton cultivars were
measured to be close to resistant and tolerant control
varieties against both pathotypes (Table 3). Galanopoulo
(2006), reported that the cotton cultivars of G. hirsutum
species were not immune fully, and these cultivars
showed different resistance to the WVerticillium wilt
disease. Bolek et al. (2011), conducted a study in the
growth chamber to determine the susceptibility levels of
cotton genotypes to defoliating pathotype of V. dahliae,
and reported that the difference between the genotypes
was significant (P<0.01), and the most tolerant cultivar
was Carmen and the most susceptible cultivar was
Cukurova 1518. Erdogan and Kurt (2013), conducted a
study to determine the reactions of 21 cotton cultivars
cultivated commonly in our country against defoliating
and non-defoliating pathotypes of the pathogen in the
growth chamber conditions. Finally, it was determined
that the lowest disease severity against both pathotypes of
V. dahliae was detected in resistant control Giza 45
followed by Julia, St-373, Fibermax 819 and Gloria.
Erdogan et al. (2014), reported that the lowest disease
severity values to both pathogens were detected in Giza
45 in conidial suspension technique, these values were
higher in the stem injection method, and the highest
disease severity values in stem injection method was
detected in Acala SJ2 and Cukurova 1518 cultivars.
Erdogan et al. (2015), determined the susceptibility of 13
cotton genotypes developed by breeding against
Verticillium wilt, and the lowest disease severity value
was detected in tolerant control Carmen in the growth
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chamber conditions against both pathotypes, and the
highest disease severity was detected in susceptible
control Cukurova 1518. Gore et al. (2017), conducted a
study to determine the reactions of 10 genotypes of
different Gossypium spp. against both pathotypes of the
pathogen in the growth chamber and determined that the
lowest disease severity values were in Maydos Yerlisi (G.
herbaceum L.) cv, and reported that Carmen cv gave
values that were similar to this. Akkose Baytar et al.
(2017), conducted a study to determine the resistance
alleles and molecular diversity for Verticillium wilt in
elite cotton cultivars and reported that Carmen and
Prestige cultivars were the most tolerant genotypes; and
Nazilli 87, Nazilli M503/2, DPL SR 383, BA 308 and PG
2018 genotypes had close values with Carmen and
Prestige genotypes.

Table 3 The average values of disease severity for cotton
cultivars in pot trials

Cultivar Disease severity values in pot trials
Vd11 isolate PYDV6 isolate

ACALA SJ2* 2.50° 3.50¢
ADN 811 1.87 % 2.37 b
AKSEL 1.87 % 250"
BEREN 2.12° 3.12°
CARISMA 1.87 % 2.25bd
CARMEN? 1.37¢ 1.75¢
DICLE 2002 1.62 ¢ 2.12bd
DP 419 1.62 2.37°%¢
FAMOSA 1.50 % 1.87 %
GAIA 1.37°¢ 2.00 o
GIZA 758 0.35f 1.00f
LYDIA 1.62 ¢ 2.25 bd
NATA 1.62 ¢ 2.37 b
OZKAN 1.75¢ 2.37%c
PG 2018 1.50 % 2.00 «
PRIMERA 1.75¢ 2.12bd
SG 501 1.62 ¢ 2.25bd
ST 474 1.62 ¢ 2.37 ¢
STV 373 1.50 % 2.25 bd
UGUR 1.87 237
Mean 2.26 1.64
I:cultivar * *
CVw) 13.07 15.81

1Susceptible-control, 2Tolerant-control, 3Resistant-control, *Different
letters between genotypes denote significant differences (LSD test,
P<0.05)

Conclusion

Verticillium wilt is a disease observed in areas where
cotton is cultivated and does not have an economical
chemical control method. This disease limits the cotton
yield at a great rate all over the world. The defoliating and
non-defoliating pathotypes of this disease are observed in
our country. The defoliating pathotype of the pathogen is
more virulent and more destructive when compared with
the non-defoliating pathotype. One of the effective
methods in the control of Verticillium wilt is to use
resistant cotton cultivars. For this reason, it is important to
determine the susceptibility levels of the cotton cultivars
cultivated commonly in our country to the two pathotypes
of V. dahliae. In the present study, pot trials were

conducted with FAMOSA, GAIA and PG 2018 cotton
cultivars in the growth chamber against two pathotypes in
terms of average disease severity values, and resistant
control GIZA 75 and tolerant control CARMEN have
close values and were found as promising. However, it is
necessary to establish another trial with the same cotton
cultivars used in the study in a field that is infected
naturally, and the performances of these cultivars in terms
of resistance to the disease and yield and fiber quality
must be determined. As a result of the present study, the
cultivars determined to be tolerant to Verticillium Wilt
Disease may be used as parent cultivars by breeders in
cotton resistance breeding programs.
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