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INVESTIGATION OF COTTON WILT RESISTANCE
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A comparative study of the influence of infection with the causative agent of Verticillium wilt on the f luores-
cence of leaves of cotton genotypes differing in wilt resistance was carried out. It was found that infection of plants
of susceptible and medium-resistant genotypes leads to a change in the position of the maxima of the spectra of laser-
induced chlorophyll f luorescence and the ratio of f luorescence intensities at 690 and 730 nm. The analysis of
spectral changes showed that the main criterion for assessing the degree of wilt resistance of cotton genotypes is
the shift in the maxima of the low-temperature spectra of laser-induced chlorophyll f luorescence to the short-
wavelength side. Genotypes characterized by a change in the position of the spectral maxima by 7–10 nm are
susceptible, up to 5 nm are moderate resistant and in the case of absence of shifts are resistant.

Keywords: cotton, diagnostics of wilt resistance, Gossypium hirsutum, low-temperature chlorophyll f luorescence
spectra, Verticillium wilt
DOI: 10.31857/S0026364822020039

INTRODUCTION
Phytopathogenic organisms cause enormous dam-

age to plant growing, among which the causative agent
of cotton wilt disease, the fungus Verticillium dahliae
Kleb., occupies a special place. The creation and selec-
tion of cotton cultivars resistant to Verticillium wilt is
undoubtedly a topical area of research in the field of
cotton growing. At the same time, an integral part of
these studies should be concerned with the develop-
ment of reliable and highly effective methods for the
rapid diagnosis of wilt resistance of cotton genotypes.

Currently, to determine the resistance of cotton to
Verticillium wilt, in addition to traditional methods of
phenological observation of infected plants, a method
for studying the effectiveness of the hypersensitivity re-
action of infected plant tissues is used, the main indi-
cator of which is the intensity of synthesis of fungitoxic
substances of phenolic nature, phytoalexins as well as a
method for measuring activity enzymes involved in the
protective reactions against wilt of cotton plants (Avaz-
khodzhaev, Zeltser, 1980; Avazkhodzhaev et al., 1995).

At the same time, in the study of plant disease resis-
tance, the method of chlorophyll f luorescence induc-
tion is widely used (Belasque et al., 2008; Rai, 2008;
Mandal et al., 2009; Pascual et al., 2010; Yi Fang et al.,
2015; Martinez-Ferri et al., 2016; Babar et al., 2018;
Yan et al., 2018; Aleynikov, Mineev, 2019; Chávez-
Arias et al., 2019), since chlorophyll in photosynthetic
membranes serves as a kind of a natural sensor of the
state of cells of algae and higher plants in changing en-

vironmental conditions (Korneev, 2002; Matorin, Ru-
bin, 2012; Goltsev et al., 2014). In this case, f luorime-
ters of various designs are used (Posudin et al., 2010;
Romanov et al., 2010; Akhmedzhanov et al., 2013;
Ptushenko et al., 2014; Akinshina et al., 2016), includ-
ing installations using the laser f luorescence method
control of the state of plants and testing their resistance
to stressful influences of the external environment
(Agishev et al., 2002; Tartachnyk et al., 2006; Belov
et al., 2015; Fedotov et al., 2016). In addition, a com-
parative study of the f luorescence of leaves of diseased
and healthy plants reveals signs of the disease caused by
damage to the pigment apparatus already at the early
stages of the development of the disease (Kshirsagar
et al., 2001; Babar et al., 2018; Kuckenberg et al., 2009;
Mandal et al., 2009; Yi Fang et al., 2015; Matorin et al.,
2018).

Earlier, by measuring the parameters of chlorophyll
f luorescence induction, it was found that the infection
of plants of the susceptible cotton cultivar C-4727 with
the causative agent of Verticillium wilt leads to changes
in the f luorescence spectra and its kinetics, i.e. to a sig-
nificant increase in the ratio of f luorescence intensities
at 690 and 730 nm and a shift of the spectra by 10 nm
to the short wavelength region, as well as a significant
decrease in the value of the (FM – FT)/FM parameter
(Khotamov et al., 2020). Such drastic changes in the
parameters of induced chlorophyll f luorescence may
indicate that when cotton is infected with wilt, the na-
tive structure of chlorophyll-protein complexes is dis-
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turbed, leading to a change in energy migration be-
tween the forms of chlorophyll itself and to a disruption
in the interaction of two pigment photosystems (PSI
and PSII) (Veselovsky, Veselova, 1990; Korneev,
2002). This suggests the possibility of using f luorescent
methods to study the resistance of various cotton gen-
otypes to the disease caused by the fungus V. dahliae.
Our data showed that the characteristics of f luores-
cence induction curves can be sufficiently informative
for this purpose. However, the change in the position
of the maxima of the spectra of laser-induced chloro-
phyll f luorescence (LICF) and the ratio of f luores-
cence intensities at 690 and 730 nm under conditions of
infection of plants of the susceptible cultivar C-4727
indicate a greater diagnostic efficiency by measuring
and analyzing the LICF spectra of cotton leaves (Kho-
tamov et al., 2020).

The aim of the present work was a comparative
study of the effect of infection with the causative agent
of Verticillium wilt of various cultivars and accessions
of the Genetics collection of cotton from the Institute
of Genetics and Experimental Biology of Plants of the
Academy of Sciences of the Republic of Uzbekistan
(IGEBR) on the parameters of the LICF spectra and
the development of a method for express diagnostics of
cotton wilt resistance on this basis.

MATERIALS AND METHODS
In the experiments, we used plants of cotton acces-

sions (Gossypium hirsutum L.), differing in wilt resis-
tance, from the Genetics collection of the IGEBR, in-
cluding 6 promising and zoned cultivars of cotton:
S-4727, Ibrat, Sulton, Bukhoro-6, Ishonch, Gulba-
hor-2 and 4 lines: A-1423, A-1428, A-1431, A-1530,
which were grown in vessels on sterilized vermiculite
enriched with Belousov’s nutrient mixture (Zhur-
bitsky, 1968). In the phase of 6–7 true leaves, cotton
plants were infected with a dosed inoculum of race-2
of the fungus Verticillium dahliae from the collection of
phytopathogens of the IGEBR at the rate of 2.5 million
spores/ml. Plants served as control, into the stems of
which water was introduced using a capillary (Avazk-
hodjaev et al., 1995).

A monospore culture of V. dahliae was grown for
8 days in test tubes on a solid Czapek’s medium of the
following composition: NaNO3 – 3 g; KH2PO4 – 1 g;
MgSO4 – 0.5 g; KCl – 0.5 g; FeSO4 – 0.01 g, su-
crose – 30 g, agar-agar – 20 g per 1 liter of distilled wa-
ter. The inoculation was carried out by the “prick”
method on the surface of the agar medium. Conidia or
microsclerotia of micromycete as well as a mixture of
these fungal structures were used as inoculum. Then,
using a microbiological loop under sterile conditions,
some of the conidia were transferred into Petri dishes
with Czapek’s medium, where they were germinated in
a thermostat at a temperature of 27°C in complete
darkness. A suspension of fungal spores was prepared
by shaking 2 ml of sterile distilled water in a test tube
with a 10–15 day old fungus culture (Avazkhodzhaev,

Zeltser, 1980). The density of fungal spores in suspen-
sion was calculated by the method described in (Izrail-
skiy et al., 1968). The suspension of fungal conidia ob-
tained in a test tube, after calculating its density, was
diluted to the required concentration.

Plants were infected by inoculum injection using a
triple injection into the stem with a syringe. The inoc-
ulum was discharged from the syringe as a drop of sus-
pension at the end of the needle. The needle was insert-
ed into the stem at a 45° angle. The drop was sucked in-
to the stem, and this gave visible confirmation of
inoculation. The appearance of chlorosis on the lower
leaves of cotton, yellowing of tissues and necrotization
of areas of the leaf blade testified to the defeat of infect-
ed plants by wilt (Avazkhodjaev, Zeltser, 1980).

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
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 induced chlorophyll f luorescence of the leaves
of control (uninfected) and plants infected with the
causative agent of Verticillium wilt was measured on
days 3, 5, 8, and 11 after inoculation. The f luorescence
spectra of the leaves were measured on a LIDAR setup
(Agishev et al., 2002), the main element base of which
is a helium-neon laser emitter, the exciting light wave-
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length is 632 nm, the radiation power is 100 mW, and
the light beam diameter is 1 cm – telescope of the
Newton system with a working mirror diameter of
110 mm. Spectral selection of the signal was carried out
using the diffraction grating of the MUM monochro-
mator. The laser operation mode, the scanning of the
monochromator over the spectrum, and the output of
the results to the display are programmatically set. The
intensity ratio I690/I730 and the position of the maxima
(λm) of the LICF spectra were used as parameters
characterizing changes in the f luorescence spectra.
LICF measurements were carried out on the 3–4 leaves
of the middle layer in 6–10 plants, the distance be-
tween which was not less than 10 m. The results were
processed by methods of mathematical statistics ac-
cording to B.A. Dospekhov (1985).

RESULTS
As mentioned above, in the study of cotton wilt re-

sistance, the method for determining the parameters of
the hypersensitivity reaction in plant tissues infected
with the pathogen is successfully applied (Avazk-
hodzhaev et al., 1995). This method was applied to de-
termine the resistance of various cultivars, lines and
accessions of the Gene collection of cotton of the
IGEBR to Verticillium wilt. The revealed differences
in the intensity of the synthesis of fungitoxic substances –
phenolic compounds of the gossypole series – phyto-
alexins in the tissues of the studied genotypes of plants
infected with the causative agent of Verticillium wilt,
allowed them to be divided into 4 groups. Moreover, if
the cultivars are assigned to the groups of extremely
susceptible, susceptible, moderately resistant and resis-
tant (Khotamov, Akhmedzhanov, 2021), then the ac-
cessions and lines of the Gene collection are divided
into groups of susceptible, moderately resistant and re-
sistant, including the group of weakly resistant geno-
types (Khotamov, Redzhapova, 2019). In order to con-
firm this statement, the effect of artificial infection
with the fungus V. dahliae of zoned cultivars and acces-
sions of the Gene collection of cotton on such param-
eters of the LICF spectra as the position of their maxi-
ma and the ratio of f luorescence intensities at 690 and
730 nm reflecting, as noted above (Khotamov et al.,
2020), the physiological state of plants under the influ-
ence of biotic environmental factors, was investigated.

Previously, all accessions of cotton gene collection
used in the experiments were tested for resistance to
Verticillium wilt by determining the effectiveness of the
hypersensitivity reaction in pathogen-infected plant
tissues. The results of studies of the content of fungi-
toxic substances – phytoalexins, which are an indicator
of the wilt resistance of cotton (Avazkhodzhaev, Zelts-
er, 1980; Avazkhodzhaev et al., 1995), are shown in
Table 1.

Analysis of the presented data showed that the stud-
ied genotypes of cotton can be divided into 3 groups
differing in intensity of phytoalexin formation process-
es. The first group included genotypes, the content of

isohemigossipole (IHG) in pathogen-infected tissues
of which does not exceed 10 μg/g of raw tissue: Ibrate,
S-4727, A-1423, A-1428. The second group consisted
of the cultivars Bukhoro-6, Sulton and the line A-1431,
which were characterized by twice the content of IHG.
To the greatest extent, the hypersensitivity reaction is
manifested in infected cotton tissues of the Ishonch
and Gulbahor-2 cultivars, as well as the A-1530 line,
the total content of phytoalexins in which reaches con-
centrations that are practically toxic to the pathogen.
Thus, the evaluation of different genotypes by using
biochemical markers of hypersensitivity of infected
cells made it possible to divide the cultivars and lines of
cotton studied in the experiment according to the de-
gree of wilt resistance into 3 groups: susceptible, medi-
um-resistant and resistant genotypes.

Table 2 shows the results of a study of the effect of
artificial infection of plants of cultivars (Ibrat, S-4727,
Bukhara-6, Sulton, Ishonch, Gulbahor-2) and acces-
sions of the gene collection (A-1423, A-1428, A-1431,
A-1530), typical representatives of groups cotton geno-
types differing in wilt resistance, to the position of the
maxima of the f luorescence spectra of leaves measured
at room temperature and liquid nitrogen temperature.
The data presented in the table showed that cultivars
Ibrat, C-4727 and accessions of the gene collection
A-1423, A-1428 are characterized by the greatest
changes in the position of the maxima of the low-tem-
perature spectra of the LICF of the leaves of plants in-
fected with wilt. Less significant changes in this pa-
rameter were recorded in cultivars Bukhara-6, Sulton
and accession A-1431, while in cultivars Ishonch, Gul-
bahor-2 and accessions A-1530 there were no similar
changes. In addition, the first two groups of cotton
genotypes differed in the timing of fixing the shifts of
the spectral maxima.

Table 1. The contents of phytoalexins of isohemigossipole
(IHG) and phytoalexin equivalent (FA-E) in the tissues of
etiolated hypocotyls of sprouts of various genotypes of cot-
ton 48 hours after inoculation of plants with the causative
agent of  Verticillium wilt

Note. The confidence interval of the mean values was at least 95%
(P ≤ 0.05).

Cotton cultivars 
and lines

Phytoalexin content, μg/g raw tissue

IHG FA-E

Ibrat 0.2 ± 0.07 0.2 ± 0.12
S-4727 9.3 ± 0.86 8.1 ± 0.77
А-1423 7.9 ± 0.81 7.0 ± 0.65
А-1428 7.5 ± 0.92 6.4 ± 0.72
Bukhoro-6 18.0 ± 1.69 14.3 ± 1.55
Sulton 19.4 ± 1.90 15.0 ± 1.64
А-1431 19.1 ± 1.83 14.7 ± 1.49
Ishonch a 33.7 ± 3.41 22.7 ± 2.52
Gulbahor-2 33.9 ± 3.12 23.6 ± 2.41
А-1530 31.6 ± 3.52 21.4 ± 2.01
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At the same time, it should be noted that the control
(uninfected with the pathogen) plants of all cotton
genotypes used in the experiments were characterized
by a constant position of the maxima of the f luores-
cence spectra during the entire period (from 3 to
11 days) of measuring the spectra, as was shown earlier
(Khotamov et al., 2020) using the example of the sus-
ceptible cultivar S-4727.

The experimental results presented in Fig. 1 show a
significant change in the ratio I690/I730 of the LICF
spectra of the leaves of infected plants of the extremely
susceptible cultivar Ibrat, measured at 20°C and –
196°С, which in 11 days after infection increased in
comparison with the control by 4 and 5.6 times, re-
spectively. Infection of plants of the moderate-resistant
cotton cultivars Bukhora-6 and Sulton also affect the
ratio I690/I730, which changes in comparison with the
control by 2 and 1.4 times at room and low tempera-
tures, while in the case of the susceptible cultivar
S-4727 these figures were, respectively, 3.9 and 6.4. At
the same time, the maximum shift (by 5 nm) of the
low-temperature spectra was observed only on the 8th
day after infection of plants of the moderate-resistant
cotton cultivars, while in the case of extremely suscep-
tible and susceptible varieties, a similar shift in the

spectrum began on the 5th day and reached its maxi-
mum value (about 10 nm) by 11 days after infection.
There were no changes in the parameters of the LICF
spectra of infected plants of the resistant cultivars Is-
honch and Gulbahor-2.

Similar changes in the parameter I690/I730 were
found during infection of plants of various lines of the
cotton Genetics collection (Fig. 2). At the same time,
the smallest changes in comparison with the control
were recorded at the sample A-1431 (2.3 and 1.4 times),
and the samples A-1423 and A-1428 were character-
ized by 4 and 6-fold changes in this parameter at two
temperatures modes, respectively. It should be noted
that the value of the I690/I730 ratio for healthy (uninfect-
ed) plants of all the accessions of cotton Genetics col-
lection used in experiments remained almost un-
changed, slightly varying within the measurement error
throughout the entire period of measuring f luores-
cence spectra (from 3 to 11 days).

The above data demonstrate the possibility of using
the parameters of the chlorophyll f luorescence spectra
of leaves to determine the resistance of cotton geno-
types to damage by the causative agent of Verticillium
wilt. In our case, the change in the ratio of the maxi-

Fig. 1. Influence of artificial infection of plants with the causative agent of Verticillium wilt on the intensity ratio at 690 and 730 nm
(I690/I730) of the spectra of laser-induced chlorophyll f luorescence of leaves of various cotton cultivars: (A) – Ibrat, (B) – S-4727,
(C) – Bukhoro-6, (D) – Sulton, (E) – Ishonch, (F) – Gulbahor-2; 1, 2 – LICF spectra were measured at room temperature (20°C);
3, 4 – at liquid nitrogen temperature (–196°C). 1, 3 – control, uninfected plants, 2, 4 – infected plants; 3, 5, 8, 11 – days after plant
infection. The confidence interval of the mean values was at least 95% (P ≤ 0.05).
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Table 2. Influence of artificial infection of plants with the causative agent of Verticillium wilt on the position of the maxima
(λm) of the laser-induced chlorophyll f luorescence spectra of leaves of various cotton genotypes

Note. Control – healthy, uninfected plants, infection – plants infected with the causative agent of Verticillium wilt. λm is the wavelength of
the maxima of the LICF spectra.

Cotton 

cultivars and lines

Spectra measured

at temperature

Days after inoculation

3 5 8 11

λм, нм

Ibrat сontrol 20°С 690, 730 690, 730 690, 730 690, 730

–196°С 690, 730 690, 730 690, 730 690, 730

Ibrat infection 20°С 690, 730 690, 730 690, 730 690, 730

–196°С 690, 730 690, 725 685, 725 681, 723
S-4727 сontrol 20°С 690, 730 690, 730 690, 730 690, 730

–196°С 690, 730 690, 730 690, 730 690, 730

S-4727 infection 20°С 690, 730 690, 730 690, 730 690, 730

–196°С 690, 730 690, 725 685, 725 681, 723
Bukhoro-6 сontrol 20°С 690, 730 690, 730 690, 730 690, 730

–196°С 690, 730 690, 730 690, 730 690, 730

Bukhoro-6 infection 20°С 690, 730 690, 730 690, 730 690, 730

–196°С 690, 730 690, 730 685, 725 685, 725
Sulton сontrol 20°С 690, 730 690, 730 690, 730 690, 730

–196°С 690, 730 690, 730 690, 730 690, 730

Sulton infection 20°С 690, 730 690, 730 690, 730 690, 730

–196°С 690, 730 690, 730 685, 725 685, 725
Ishonch сontrol 20°С 690, 730 690, 730 690, 730 690, 730

–196°С 690, 730 690, 730 690, 730 690, 730

Ishonch infection 20°С 690, 730 690, 730 690, 730 690, 730

–196°С 690, 730 690, 730 690, 730 690, 730

Gulbahor-2 сontrol 20°С 690, 730 690, 730 690, 730 690, 730

–196°С 690, 730 690, 730 690, 730 690, 730

Gulbahor-2 infection 20°С 690, 730 690, 730 690, 730 690, 730

–196°С 690, 730 690, 730 690, 730 690, 730

А-1423 сontrol 20°С 690, 730 690, 730 690, 730 690, 730

–196°С 690, 730 690, 730 690, 730 690, 730

А-1423 infection 20°С 690, 730 690, 730 690, 730 690, 730

–196°С 690, 730 690, 725 685, 725 681, 723
А-1428 сontrol 20°С 690, 730 690, 730 690, 730 690, 730

–196°С 690, 730 690, 730 690, 730 690, 730

А-1428 infection 20°С 690, 730 690, 730 690, 730 690, 730

–196°С 690, 730 690, 725 685, 725 681, 723
А-1431 сontrol 20°С 690, 730 690, 730 690, 730 690, 730

–196°С 690, 730 690, 730 690, 730 690, 730

А-1431 infection 20°С 690, 730 690, 730 690, 730 690, 730

–196°С 690, 730 690, 730 685, 725 685, 725
А-1530 сontrol 20°С 690, 730 690, 730 690, 730 690, 730

–196°С 690, 730 690, 730 690, 730 690, 730

А-1530 infection 20°С 690, 730 690, 730 690, 730 690, 730

–196°С 690, 730 690, 730 690, 730 690, 730
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mum intensities of the LICF I690/I730 spectra measured

at room temperature and at the temperature of liquid
nitrogen, as well as the shift to the short-wavelength re-
gion of the low-temperature spectra of the leaves of
plants infected with the causative agent of Verticillium
wilt, makes it possible to differentiate the cultivars and
lines used in the experiment according to the level of
wilt resistance.

To determine the LICF index, which most accu-
rately characterizes the degree of wilt resistance of cot-
ton genotypes, was made a comparison of the parame-
ters of the f luorescence spectra of cultivars and acces-
sions of the Genе collection of IGEBR.

The analysis of the investigated parameters of the
LICF showed (Fig. 3) that the infection of plants of

such genotypes as cultivars Ibrat, S-4727 and the acces-
sion of the gene collection A-1423, leads to the greatest
change in the ratio I690/I730 of the spectra measured at

room temperature and liquid nitrogen temperature by
280–300 and 450–540%, respectively. The greatest
shift in the maxima of the low-temperature f luores-
cence spectra of leaves in the genotypes of this group
was recorded within 7–10 nm. A similar shift in the
spectrum to the short-wavelength region by 7–10 nm
was observed in the case of the accessions of the Ge-
netics collection A-1428 (see Table 1), and the change
in the I690/I730 indices was within the range of changes

noted for the susceptible genotypes. In the groups of
moderate-resistant cultivars (Bukhara-6, Sulton) and
the accession of the genetics collection (A-1431), sim-
ilar indicators varied within 100–125 and 40%, and the
maximum shift of the f luorescence spectra for all gen-
otypes was recorded within 5 nm. There were no
changes in the spectral parameters of resistant cultivars
and accession of the gene collection.

Thus, the f luorescence study of wilt resistance of
various cultivars and accession of the Gene collection
made it possible to confirm the data obtained in the
study of the hypersensitivity reaction of the tissues of
infected plants, and in the case of accession A-1428, to
correct the degree of its wilt resistance and assign this
cotton genotype to the susceptible group. At the same
time, taking into account the significant scatter of the
change in the ratio of the spectral intensities at 690 and
730 nm (∆I690/I730) in genotypes belonging to the same

group, the main indicator that characterizes the degree
of wilt resistance with maximum accuracy is the shift in
the maximums of the low-temperature LICF spectra of
the leaves of infected plants. According to the variabil-

Fig. 2. Influence of artificial infection of plants with the causative agent of Verticillium wilt on the intensity ratio at 690 and 730 nm

(I690/I730) of the spectra of laser-induced chlorophyll f luorescence of leaves of various cotton lines: (a) – A-1423, (b) – A-1428,

(c) – A-1431, (d) – A-1530; 1, 2 – LICF spectra were measured at room temperature (20°C), 3, 4 – at liquid nitrogen temperature

(–196°C); 1, 3 – control, uninfected plants; 2, 4 – infected plants; 3, 5, 8, 11 – days after plant infection. The confidence interval of

the mean values was at least 95% (P ≤ 0.05).
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Fig. 3. Influence of plant infection on maximum changes in
the parameter of laser-induced f luorescence spectra
(∆I690/I730, %) of leaves of various cotton genotypes; 1 –
LICF spectra were measured at room temperature (20°C);
2 – at liquid nitrogen temperature (–196°C). The confi-
dence interval of the mean values was at least 95% (P ≤ 0.05).
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ity of this indicator under conditions of wilt damage to
plants, the studied cultivars and accessions of the Gene
collection of the IGEBR, according to the degree of
wilt resistance, were assigned to the following groups:
Ibrat, C-4727, A-1423, A-1428 – susceptible, Bukha-
ra-6, Sulton, A-1431 – moderate resistant, Ishonch,
Gulbahor-2, A-1530 – resistant.

Confirmation of the regularity of the gradation of
the degree of wilt resistance of the studied genotypes
that we carried out is the presence of certain dependen-
cies between the levels of changes in the parameters of
the LICF spectra of leaves and phytoalexin formation
in the tissues of cotton plants infected with the caus-
ative agent of Verticillium wilt. Calculation of the
Pearson correlation coefficient (rp) between the con-
tent of IHG as the main phytoalexin, which determines
the effectiveness of the reaction of cotton hypersensi-
tivity to the phytopathogen, and the magnitude of the
shift in the maxima of low-temperature f luorescence
spectra made it possible to establish the value rp = –0.90

with an average error of the correlation coefficient mr = 0.055.

Thus, a high negative correlation was revealed between
the compared indices of resistance of different cotton
genotypes to the causative agent of Verticillium wilt:
the smaller the shift in the maxima of the LICF spectra
of the leaves of infected plants, the higher the efficien-
cy of the hypersensitivity reaction, determined by the
level of phytoalexins content in their tissues. Converse-
ly, genotypes with a low level of IHG synthesis in in-
fected tissues are characterized by the largest shift in
the f luorescence spectra. In addition, a fairly high cor-
relation dependence (rp = –0.79 ± 0.114) was revealed

between the change in the intensity ratio at 690 and
730 nm (∆I690/I730) of the LICF spectra of leaves of

plants infected with the pathogen of various cotton
genotypes and the level of phytoalexin formation,
which indicates the legitimacy of the use of the method
of laser-induced chlorophyll f luorescence for an accu-
rate assessment of the degree of resistance of the stud-
ied cotton genotypes to the causative agent of Verticil-
lium wilt, the fungus V. dahliae.

DISCUSSION

As noted in a number of works, unfavorable envi-
ronmental factors, in most cases, lead to inhibition of
the process of photosynthesis, which is effectively con-
trolled by the method of laser-induced chlorophyll f lu-
orescence of plant leaves (Fateeva, Matvienko, 2004;
Belasque et al., 2008, Grishaev, Salnikova, 2010). The
effectiveness of such control is due to changes in the
shape of the f luorescence spectrum of plants caused by
the influence of a stress factor (Veselovsky, Veselova,
1990; Fedotov et al., 2016). It has been shown that the
identifying factor for stress states of plants is the ratio of
the intensities of f luorescent radiation at wavelengths
of 680 and 740 nm (Gorodnichev et al., 2015).

The results of our studies also showed changes in
the parameters of the LICF spectra, such as the posi-
tion of the maxima (λm) and the intensity ratio I690/I730

of the spectra of infected plants. At the same time, the
dependence of the magnitude of the shift in the maxi-
ma and the ratio I690/I730 on the degree of plant infec-

tion, which varied in cotton genotypes differing in wilt
resistance, was revealed. The greatest change in the
shape and position of the LICF spectrum, determined
by the values of the parameters λm and I690/I730, is char-

acteristic of the genotypes susceptible to the disease,
the absence of changes is for the resistant ones, and the
moderate-resistant cultivars and accessions of the gene
collection are characterized by moderate changes in
the LICF parameters of the leaves of the pathogen-in-
fected cotton plants. It is important to note that the
changes in the characteristics of the LICF spectra re-
vealed by us appear already in the early stages of infec-
tion, which corresponds to the results of studies de-
scribed in a number of works (Pascual et al., 2010;
Martinez-Ferri et al., 2016; Babar et al., 2018; Chávez-
Arias et al., 2019) and may be associated with the high
sensitivity of membrane processes of ATP synthesis to
fungal toxins (Matorin et al., 2018). In addition, our
data allow us to distinguish three phases of the develop-
ment of cotton wilt disease, the first of which is char-
acterized by a slight shift in the low-temperature spec-
trum of LICF and an insignificant change in the
I690/I730 ratio. Such changes, apparently, are associated

with reversible changes in the f luorescence of leaves,
indicating the primary response of the photosynthetic
apparatus to the introduction and spread of the infec-
tious agent in the plant (Veselovsky, Veselova, 1990;
Tartachnyk, 2006). The data of our studies indicate the
absence of sharp changes in the parameters of f luores-
cence in the second phase, which the authors of the
above work call “the period of imaginary well-being”.
The most profound changes in LICF occur in the last,
third phase, most likely associated with the complete
destruction of the photosynthetic apparatus (Vesel-
ovsky, Veselova, 1990). At the same time, it is neces-
sary to highlight the fact of the almost complete ab-
sence of phase 1 of the development of the disease in
moderately resistant genotypes, which, in our opinion,
may be another sign of determining the resistance of
cotton to damage by Verticillium wilt.

Thus, the results of our studies made it possible to
investigate the variety-specificity of resistance of vari-
ous cotton genotypes to damage by the causative agent
of Verticillium wilt using the LICF method and estab-
lish that the most informative and accurate indicator is
the shift in the maxima of the low-temperature spectra
of LICF to the short-wavelength side. Genotypes char-
acterized by a change in the position of the maxima of
ILPC by 7–10 nm are susceptible, up to 5 nm – are
moderate resistant, and in the case of absence of shifts –
resistant.

It should be noted that f luorescence diagnostics dif-
fers from the traditionally used methods in its simplic-
ity, shorter time for examining accessions and high ac-
curacy in determining the final result, namely, the de-
gree of wilt resistance of various cotton genotypes.
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Исследование вилтоустойчивости хлопчатника 
методом флуоресцентной спектроскопии

И. Г. Ахмеджановa,#, М. М. Хотамовb

aИнститут биофизики и биохимии при Национальном Университете Узбекистана, 100047, Ташкент, Узбекистан
bИнститут генетики и экспериментальной биологии растений АН РУз, 111208 Верхний Юз, Ташкентская область, 

Узбекистан
#е-mail: iskakhm@mail.ru

Проведено сравнительное исследование влияния инфицирования возбудителем вертициллезного вилта на
флуоресценцию листьев различающихся вилтоустойчивостью генотипов хлопчатника. Установлено, что
заражение растений восприимчивых и среднеустойчивых генотипов приводит к изменению положения
максимумов спектров индуцированной лазером флуоресценции хлорофилла и отношения интенсивностей
флуоресценции при 690 и 730 нм. Анализ спектральных изменений показал, что основным критерием
оценки степени вилтоустойчивости генотипов хлопчатника является величина сдвига максимумов низко-
температурных спектров индуцированной лазером флуоресценции хлорофилла в коротковолновую сторо-
ну. Генотипы, характеризующиеся изменением положения максимумов спектров на 7–10 нм, являются
восприимчивыми, до 5 нм – среднеустойчивыми и отсутствием сдвигов – устойчивыми.

Ключевые слова: диагностика устойчивости к вертициллезному вилту, низкотемпературные спектры
флуоресценции хлорофилла, Gossypium hirsutum, хлопчатник
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