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The pathogenesis of Verticillium wilt in 8 varieties of cotton (Gossypium hirsutum) zoned in Uzbekistan has been
established by the method of f luorescence diagnostics. According to the duration of the incubation period, indi-
cating the rate of accumulation of the pathogen, and the presence of ruptures in the f luorescence zone of the va-
sicentric parenchyma, indicating the termination of its spread through tissues, all varieties were divided into
3 groups. The validity of such a division of varieties in terms of resistance to the pathogen was confirmed by the
method of evaluating the indicator that characterizes the degree of staining of the stem vessels cut longitudinally
from the soil level. Measurement of the physiological parameters of the hypersensitivity reaction of infected tis-
sues allowed us to divide the studied cotton genotypes in more detail according to the degree of resistance to the
causative agent of Verticillium wilt into 4 groups: 1 – unstable, in which there was no hypersensitivity reaction:
Ibrat; 2 – susceptible varieties, the quantitative content of phytoalexin – Isohemigossypole in the tissues of which
was fixed at a level less than 10 μg/g of raw tissue: Bukhoro-102, S-4727; 3 – medium-resistant varieties: Navba-
hor-2, Bukhoro-6, Sulton; 4 – resistant varieties: Gulbahor-2, Ishonch.

Keywords: cotton, f luorescence diagnostics, Gossypium hirsutum, hypersensitivity reaction, phytoalexins, stem
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INTRODUCTION

One of the most important components of the
adaptive capabilities of plants and the ability to pro-
duce a stable harvest in changing environmental condi-
tions is their resistance to biotic factors, in particular to
diseases (Dyakov, 1983; Hanson, 2000; Figen, 2002).
Physiological and biochemical study of various aspects
of the life of plants makes it possible to use the immune
properties of the organism itself, with which help it de-
fends itself against the attack of pathogens in nature.

A distinctive feature of the reaction of plants to the
introduction of vascular pathogens is a number of suc-
cessively developing processes that create barriers to
the advancement of the fungus to the xylem vessels. In
this case, the browning of the vascular walls occurs, as-
sociated with a change in polyphenolic compounds
and necrosis of the cells surrounding the vessels, from
which polyphenolic compounds diffuse into the ves-
sels, causing lignification of their walls (Avazkhodjaev,
Zeltzer, 1980; Avazkhodjaev et al., 1990). As a result,
their mechanical strength increases, the penetration
and spread of the parasite and the inflow of nutrients to
it are limited, which increases the protection of the wall

components from the attack of fungus enzymes (Deis-
ing et al., 2009).

In this regard, the degree of browning of the longi-
tudinal cut of the stem can be used as a criterion for as-
sessing the wilt resistance of plants. In addition, the
property of phenolic compounds and their oxidation
products to f luoresce in ultraviolet light is used to diag-
nose plant diseases with wilt (Subba-Rao, 1954; Co-
hen, Ibrahim, 1975), and the rate of advancement of
fluorescent substances front in the tissues of the infect-
ed cotton stem sections and the presence or absence of
breaks in the f luorescence zones characterize the de-
gree of its wilt resistance (Lanetskiy, 1970; Avazkhod-
jaev, Zeltzer, 1980).

The main manifestation of varietal immunity of
cotton is the induction of a hypersensitivity reaction in
plant tissues infected with the causative agent of Verti-
cillium wilt. This increases the synthesis of fungitoxic
substances, post-infectious inhibitors of growth and
sporulation of the fungus, phenolic compounds of the
gossypole series – phytoalexins (Metlitskiy, Ozerets-
kovskaya, 1985; Kodama et al., 1988; Avazkhodjaev et al.,
1995; Kuc, 1995; Zeringue, 1995; Hammerschmidt,
1999; Hanson, 2000; Dyakov et al., 2001; Figen, 2002;
Mavlanova, 2012; Konan et al., 2014), however, the in-
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tensity of phytoalexin formation in different cotton
genotypes differs markedly (Agaev et al., 2009; Kur-
banbaev et al., 2011; Khotamov, Rejapova, 2019). In
this regard, to characterize the resistance of cotton to
Verticillium wilt, the generally accepted method for
determining the parameters of the hypersensitivity re-
action in infected plant tissues is used.

Considering that this method has been successfully
tested on samples of the genetic collection of cotton
from the Institute of Genetics and Experimental Bio-
logical of Plants of the Uzbek Academy of Sciences
(Kurbanbaev et al., 2011; Khotamov, Rejapova, 2019),
it is of interest to compare the content of phytoalexins,
isohemigossypol and phytoalexin-equivalent, toxic to
the causative agent of the disease, in tissues artificially
infected with the fungus Verticillium dahliae Kleb. A
comprehensive study, including various physiological
and biochemical methods, can make it possible to es-
tablish the degree of wilt resistance of genotypes – rep-
resentatives of cotton varieties zoned in Uzbekistan
with a high probability.

The aim of this work was to study the resistance of
cotton varieties to the Verticillium wilt causative agent
by measuring the physiological parameters of the hy-
persensitivity reaction of tissues infected with the
pathogen, the degree of staining and ultraviolet f luo-
rescence of the plant stem longitudinal sections.

MATERIALS AND METHODS
In the experiment, 8 promising or zoned varieties of

cotton (Gossypium hirsutum) were used: С-4727, Ibrat,
Sulton of the Scientific Research Institute of Breeding
and Seed Growing of Ministry of Agriculture of Uz-
bekistan, Bukhoro-6, Bukhoro-102 of the Scientific
Research Institute of Cotton Growing of Ministry of
Agriculture of Uzbekistan, Ishonch, Novbahor-2,
Gulbahor-2 of the Institute of Genetics and Experi-
mental Biology of Plants of the Academy of Sciences of
the Republic of Uzbekistan.

The degree of plant injury was studied in artificial
infection of cotton in phase with 5–6 true leaves by mi-
crocapillary inoculation the root neck zone with spore
suspension of Verticillium dahliae race-2.

A monospore culture of V. dahliae from the Collec-
tion of Unique Scientific Subjects of Phytopathogens
and Other Microorganisms of the Mycology Laborato-
ry of the Institute of Genetics and Experimental Plant
Biology of the Academy of Sciences of the Republic of
Uzbekistan was grown for 8 days in test tubes on a solid
Czapek medium of the following composition:
NaNO3 –3 g; KH2PO4 – 1 g; MgSO4 – 0.5 g; KCl –
0.5 g; FeSO4 – 0.01 g, sucrose – 30 g, agar-agar – 20 g
per 1 liter of distilled water. The inoculation was carried
out by the prick method on the surface of the agar me-
dium. Conidia or microsclerotia of micromycetes, as
well as a mixture of these fungal structures, were used
separately as inoculum. Then, using the microbiologi-
cal loop aseptically part conidia were transferred to pe-

tri dishes with Czapek medium where they are germi-
nated in a thermostat at a temperature of 27°C in com-
plete darkness. Spore suspension was prepared by
shaking 2 ml of sterile distilled water in a test tube with
a fungus culture of 10–15 days of age (Mavlanova,
2012). The density of fungal spores in suspension was
calculated according to the method described in (Is-
raeli et al., 1968). The suspension of fungal conidia ob-
tained in a test tube, after calculating its density, was
diluted at the required concentration.

Plants were infected by inoculum injection (2.5 mln
spores/ml) using a triple injection into the stem with a
syringe. The inoculum was discharged from the syringe
as a drop of suspension at the end of the needle. The
needle is inserted into the stem at an angle of 45°. The
drop was sucked into the stem, and this gave visible
confirmation of inoculation. The appearance of chlo-
rosis on the lower leaves of cotton, yellowing of tissues
and necrotization of areas of the leaf blade testified to
infection of plants by wilt (Avazkhodjaev, Zeltzer,
1980).

Control over the germination of conidia in the tis-
sues of the infected plant was carried out by the method
of f luorescence diagnostics (Lanetsky, 1970). Observa-
tions of the development of infection by the formation
and advancement of the front of f luorescent substances
along the stem of cotton infected with wilt were carried
out in a stream of UV rays in darkened conditions. The
source of ultra-violet rays were mercury quartz lamp
SVDSH-120A with filter UFS in PRK-4 unit, trans-
mitting light waves in the range 3600–4000 Å. Longi-
tudinal sections of cotton stalks were watched and val-
ue of the f luorescence band and its progress up to the
point of growth of the germ were measured. The infect-
ed tissue of the stem fluoresces with bright yellow-
green light, and the intact tissue – with violet light. As
control served plants, into the root neck of which dis-
tilled water was similarly introduced. In all cases, in the
control group, formation of a specific f luorescence in
the longitudinal sections was not observed.

When assessing the resistance of cotton to the caus-
ative agent of Verticillium wilt, an indicator was used
that characterizes the degree of staining of the vessels of
the stem cut in the longitudinal direction from the soil
level (Avazkhodjaev, Zeltzer, 1980). The assessment of
the degree of staining was carried out according to the
scale for recording the staining of the stem vessels (in
points from 0 to 3): 0 – no symptoms; 1 – light brown
stripes of reddened vessels; 2 – dark brown stripes of
stained vessels are visible; 3 – dark-brown stripes of
painted vessels, death of the plant.

When studying the parameters of the hypersensitiv-
ity reaction, etiolated hypocotyls of cotton were used.
Seedlings were grown in a thermostat at 24°C. The
qualitative composition of phytoalexins (FA) was de-
termined by thin layer chromatography on Silufol-UV-
254 plates from Kavalier (Czech Republic). For the
quantitative determination of isohemigossypol (IHG)
and phytoalexin-equivalent (FA-E), cotton seedlings
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were finely chopped with scissors, filled with chloro-
form at 1 : 3 ratio, and placed in a refrigerator for
24 hours. Then obtained chloroform extract contain-
ing FA was filtered from solid residues and dried with a
water jet pump. The dried residue was dissolved in 1 ml
of chloroform. The resulting chloroform eluate was
used for coating Silufol UV-254 plates. The plates were
placed in chromatographic chambers and a single sep-
aration was performed in a benzol – methanol (9 : 1)
solvent system. Benzol and methanol must be anhy-
drous because with an admixture of water, the system
turns out to be cloudy and unsuitable for analysis. The
heat-dried chromatograms were viewed under UV light
and developed with f luoroglicin (2% in 96% ethanol).
For this, the plate was covered with a developing re-
agent using a spray gun, then left for several minutes in
air to evaporate the solvent, after which the chromato-
grams were heated for 1 min in a thermostat at 100°C.
Phytoalexins IHG and FA-E are stained in a stable
dark crimson color. The quantitative determination of
FA was carried out by elution of spots from chromato-
grams with a benzol-methanol mixture (9 : 1) and
measurement of the color intensity on a photoelectro-
colorimeter with a blue light filter. The eluate from the
clean zone of the chromatogram was used as a stan-
dard. The quantitative content of IHG was calculated
using a pre-drawn calibration graph using pure IHG
preparation as a standard. The results obtained were
expressed in μg per g of wet tissue of etiolated seedlings.

The experiments were carried out 3–4 times. The
results were processed by methods of mathematical
statistics according to Dospehov (1985).

RESULTS

The germination of infectious structures and the
development of pathological processes in the tissues of
infected plants was controlled by the formation and ad-
vancement of the f luorescence zone. Fluorescence di-
agnostics showed that in the infected tissues of all stud-
ied cotton genotypes, 48 hours after infection, a patho-
logical process began, as evidenced by the formation of
a specific f luorescent zone at the injection sites of the
inoculum. Further studies of longitudinal sections of
cotton in a stream of ultraviolet rays showed that the
zone of f luorescent substances moves up towards the
point of plant growth, spreading along the veins of
leaves.

The study of the disease incubation period dynam-
ics, the length of which was limited by the dosed inoc-
ulum (Avazkhodjaev, Zeltzer, 1980), showed a differ-
ent degree of activation of plant defense reactions
(Fig. 1). Thus, in the cotton varieties Gulbahor-2 and
Ishonch, the rate of advancement of the f luorescence
zone during the first 5 days of the incubation period
was lower than in all other 6 varieties, in which by
day 8, f luorescent substances, spreading along the leaf
veins, reached the growth point. A week later, i.e. 15–
16 days after infection, varieties S-4727, Ibrat and Buk-

horo-102 showed symptoms of wilt disease in the form
of necrotic spots on plant leaves. Similar symptoms of
the disease, but to a somewhat lesser extent, were man-
ifested in varieties Navbahor-2, Sulton and Bukhoro-6
only by day 18–20 after artificial infection of plants. It
should be noted that there are no signs of the disease in
the cotton varieties Gulbahor-2 and Ishonch.

Thus, the differences in the infection of varieties ap-
pear at the earliest stages of the incubation period:
Gulbahor-2 and Ishonch are characterized by a slower
advance of the f luorescence front as compared to other
cotton genotypes. At the same time, by the day 11 after
infection, varieties Gulbahor-2 and Ishonch are ob-
served numerous ruptures of f luorescence zones, indi-
cating the pathogen spread cessation through plant tis-
sues. To a comparatively lesser extent, ruptures of the
fluorescent zones were observed in Navbahor-2 variet-
ies and to a much lesser extent in Bukhoro-2 and Sul-
ton. A continuous, without gaps, f luorescence zone in
infected plants of the remaining three varieties (S-4727,
Ibrat and Bukhoro-102) spreads along the veins of
leaves with the manifestation of external signs of wilt
disease. This indicates differences in duration of the in-
cubation period in the studied varieties: its long dura-
tion in varieties Gulbahor-2 and Ishonch, to a certain
extent, ref lects resistance to the pathogen, the accu-
mulation of which is slower (Agaev et al., 2009).

To confirm these conclusions, studies were contin-
ued, in which the degree of staining of the stem vessels
was used as a criterion for assessing wilt resistance. By
the degree of staining, according to the assessment in
points, the plants were divided into 4 groups (0, 1, 2, 3)
and the percentage of plants in each group was calcu-
lated from the total number used in the experiment.

As the obtained data showed, the infection of cotton
with the causative agent of Verticillium wilt leads to a

Fig. 1. Dynamics of f luorescent substances front advance-
ment along the cotton stem. The ordinate shows the size of
the f luorescence zone, in % of the stem length from the site
of inoculation to the point of growth. Cotton varieties:
1 – Ibrat; 2 – S-4727; 3 – Bukhoro-102; 4 – Sulton; 5 –
Bukhoro-6; 6 – Navbahor-2; 7 – Ishonch; 8 – Gulbahor-2.
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significant redistribution of the number of plants of all
varieties in groups relative to the control (Table 1). So,
for all varieties, the appearance of plants with weak
signs of vessels staining (group 1) and with signs char-
acteristic of group 2 was noted. The appearance of
plants with traits belonging to the lethal group 3 was
not detected only in representatives of 2 varieties (Is-
honch, Gulbahor-2). At the same time, the largest

number of plants assigned to the lethal group 3 (more
than 30%) were characteristic of Ibrat variety and, to a
somewhat lesser extent (19–21%) Bukhoro-102 and
S-4727. Varieties Sulton, Bukhoro-6 and Navbahor-2
occupied an intermediate position in this indicator, be-
cause the number of plants with dark brown stripes of
stained vessels did not exceed 10%.

The above data correlate with the number of plants
with signs of infection by causative agent of Verticilli-
um wilt. Thus, in Ibrat variety, about 35% of diseased
plants were detected, in varieties S-4727 and Bukhoro-
102, plants with similar signs of infection were noted in
24–26% of cases, in varieties Sulton, Bukhoro-6, Nav-
bahor-2 this indicator did not exceed 14%, and resis-
tant varieties (Ishonch and Gulbahor-2) were charac-
terized, practically, by the absence of plants infected
with wilt.

Figure 2 shows thin-layer chromatography on Silu-
fol-UV-254 plates (chromatograms were developed by
fluoroglicin) of chloroform extract from etiolated hy-
pocotyls of cotton seedlings, 48 hours after artificial in-
fection of plants with the causative agent of Verticilli-
um wilt.

Chromatograms analysis made it possible to reveal
that infection of plants with the causative agent of the
disease induces a hypersensitivity reaction in the etio-
lated seedlings hypocotyls tissues of most of the cotton
varieties used in the experiments, except for Ibrat vari-
ety. To the greatest extent, the hypersensitivity reaction
is manifested in infected tissues of cotton varieties Is-
honch and Gulbahor-2, the total content of phytoalex-
ins in which reaches concentrations that are practically
toxic for the pathogen. The varieties Sulton, Bukhoro-6,
and Navbahor-2, under conditions of wilt infection,
were characterized by a lower ability to induce phyto-
alexin formation processes, while IHG concentration
exceeded 10 μg/g of raw tissue, but did not reach
necrogenic. And a very weak reaction to infection was
shown by varieties S-4727 and Bukhoro-102, the con-
tent of IHG in the tissues of which was lesser than
10 μg/g (Table 2).

Thus, the assessment of various genotypes by using
biochemical markers of the hypersensitivity of infected
cells made it possible to divide in more detail the cotton
varieties studied in the experiment according to the de-
gree of wilt resistance into 4 groups: 1 – unstable, in
which the absence of a hypersensitivity reaction was
noted: Ibrat; 2 – susceptible varieties, the quantitative
content of IHG in the tissues of which was fixed at a
level less than 10 μg/g; Bukhoro-102, S-4727; 3 – me-
dium resistant varieties: Bukhoro-6, Sulton; 4 – resis-
tant varieties: Gulbahor-2, Ishonch. In addition, the
Navbahor-2 variety, according to the phytoalexin for-
mation indices, occupies an intermediate position be-
tween the groups of medium-resistant and resistant va-
rieties, nevertheless, it was assigned to the group of me-
dium-resistant varieties.

Table 1. Distribution of cotton plants varieties in 4 groups in
accordance with the degree of staining of stem vessels (in %
of total plants number in each experimental group)

Note. V.d. – plants infected with spores of Verticillium dahliae (in-
fection load – 2.5 million spores/ml).

Variety
Plant groups

(in points from 0 to 3)

0 1 2 3

Ibrat (control) 100 – – –
Ibrat (V. d.) 22.4 21.7 25.1 30.8
S-4727 (control) 100 – – –
S-4727 (V. d.) 36.9 17.7 24.2 21.2
Bukhoro-102 (control) 100 – – –
Bukhoro-102 (V. d.) 34.6 24.8 21.2 19.4
Sulton (control) 100 – – –
Sulton (V. d.) 56.4 18.8 16.5 8.3
Bukhoro-6 (control) 100 – – –
Bukhoro-6 (V. d.) 4 4.3 23.6 22.6 9.5
Navbahor-2 (control) 100 – – –
Navbakhor-2 (V. d.) 50.0 16.7 26.2 7.1
Ishonch (control) 100 – – –
Ishonch (V. d.) 74.1 14.8 11.1 –
Gulbahor-2 (control) 100 – – –
Gulbahor-2 (V. d.) 78.0 13.1 8.9 –

Fig. 2. The use of infected cells hypersensitivity biochemi-
cal markers in rapid assessment of cotton varieties disease
resistance: 1 – Ibrat; 2 – S-4727; 3 – Bukhoro-102; 4 –
Sulton; 5 – Bukhoro-6; 6 – Navbahor-2; 7 – Ishonch; 8 –
Gulbahor-2; c – control (intact tissue); inf – experiment
(infection with Verticillium wilt). IHG content: (+) – less
than 10 μg/g of tissue; (++) – more than 10 μg/g of tissue;
(+++) – necrogenic concentrations; (–) – no reaction.
The arrow indicates the zone corresponding to the IHG.
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DISCUSSION
Recently, the widespread development of studies of

the mechanism of the relationship between the host
plant and the pathogen has made it possible to ap-
proach the understanding of physiological and bio-
chemical factors from new positions that determine the
resistance and susceptibility of cotton to verticillium
wilt (Avazkhodjaev et al., 1995; Deising, 2009; Kara-
demira et al., 2012; Le et al., 2020). These factors un-
derlie various methods for identifying pathogen-resis-
tant genotypes (Avazkhodjaev, Zeltzer, 1980; Hanson,
2000; Dyakov et al., 2001; Malinovsky, 2004; Çelik et
al., 2019). Among them, one can single out methods
for determining the rate of growth of the zone of sub-
stances f luorescent in ultraviolet rays in the stems of
plants infected with wilt and the degree of brownness of
the cotton stem (Subba-Rao, 1954, Lanetsky, 1970;
Metlitskiy, Ozeretskovskaya, 1985; Agaev et al., 2009).
The use of these methods allowed us to divide a num-
ber of varieties zoned in Uzbekistan according to the
values of the studied indicators into 3 groups.

Another effective method for determining the wilt
resistance of plants is the method of measuring the
physiological parameters of the hypersensitivity reac-
tion of the tissues of artificially infected seedlings,
which is based on measuring the content of phytoalex-
ins, the particular importance of which in the protec-
tive reactions against wilt in cotton and other crops is
noted in a number of studies (Cohen, Ibrahim, 1975;
Kodama et al., 1988; Avazkhodjaev et al., 1995; Kuc,
1995; Hammerschmidt, 1999; Figen, 2002; Kurban-
baev et al., 2011; Mavlanova, 2012; Khotamov, Reja-
pova, 2019). Differences in the intensity of phytoalexin
formation in the tissues of etiolated seedlings made it
possible to assign more correctly 8 cotton genotypes to
4 groups that differ in the degree of resistance to the
causative agent of Verticillium wilt.

Comparison of the experimental data on the effi-
ciency of phytoalexin formation in the tissues of infect-
ed seedlings and the qualitative and quantitative indi-
cators of the f luorescent zones of stem sections, as well
as the degree of their staining in various cotton geno-
types, showed the presence of certain dependencies be-
tween them. Calculation of the Pearson correlation co-
efficient (rp) between the content of IHG as the main
phytoalexin, which determines the efficiency of the re-
action of cotton hypersensitivity to the phytopathogen,
and the length of the f luorescence zone made it possi-
ble to establish the value rp = –0.92 with an average er-
ror of the correlation coefficient mr = 0.058. Thus, a
high negative correlation was found between the com-
pared indicators of resistance of different cotton variet-
ies to the causative agent of Verticillium wilt: the short-
er the length of the f luorescence zone of the infected
tissues, the more effective the system of plant defense
reactions, determined by the level of FA content in the
tissues of resistant varieties. Conversely, a low level of
IHG synthesis contributes to the unimpeded spread of
the pathogen through the tissues of susceptible variet-

ies, which is reflected in an increase in their f luores-
cence level. In addition, a fairly high correlation was
found between the indices of the size of the f luores-
cence zone, as well as the content of phytoalexins on
the one hand, and the number of plants with character-
istic signs of wilt disease, on the other. The correlation
coefficients between them are set at 0.86 ± 0.131 and –
0.88 ± 0.091, respectively. This indicates the legitimacy
of using these methods in the study of plant wilt resis-
tance and a fairly accurate assessment of the degree of
resistance of the studied cotton genotypes to the caus-
ative agent of Verticillium wilt – the fungus V. dahliae.
A complex of physiological and biochemical studies es-
tablished differences in the degree of wilt resistance of
various varieties of cotton, which, according to this fea-
ture, are divided into groups: unstable (Ibrat), suscep-
tible (C-4727, Bukhoro-102), medium-resistant (Sul-
ton, Bukhoro-6, Navbahor-2) and resistant varieties
(Ishonch, Gulbahor-2).
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Методом флуоресцентной диагностики установлены особенности патогенеза вертициллезного вилта у
8 районированных в Узбекистане сортов хлопчатника (Gossypium hirsutum). По продолжительности ин-
кубационного периода, свидетельствующего о скорости накопления патогена, и наличию разрывов зо-
ны флуоресценции вазицентричной паренхимы, указывающих на прекращение его распространения
по тканям, все сорта были разделены на 3 группы. Правомерность такого разделения сортов по устой-
чивости к патогену была подтверждена методом оценки показателя, характеризующего степень окра-
шивания сосудов стебля, разрезанного в продольном направлении от уровня почвы. Измерение фи-
зиологических параметров реакции сверхчувствительности инфицированных тканей позволило более
детально разделить исследованные генотипы хлопчатника по степени устойчивости к возбудителю
вертициллезного вилта на 4 группы: 1 – неустойчивые, у которых отмечено отсутствие реакции сверх-
чувствительности: Ибрат; 2 – восприимчивые сорта, количественное содержание ИГГ в тканях кото-
рых фиксировалось на уровне, меньшем 10 мкг/г: Бухоро-102, С-4727; 3 – среднеустойчивые сорта:
Навбахор-2, Бухоро-6, Султон; 4 – устойчивые сорта: Гулбахор-2, Ишонч.

Ключевые слова: вертициллезный вилт, побурение стебля, реакция сверхчувствительности, фитоалек-
сины, флуоресцентная диагностика, хлопчатник, Gossypium hirsutum
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