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The effect of pre-sowing seed treatment with immunostimulant Bisol-2, red light and low frequency 
electromagnetic field on the content of fungitoxic substances of phenolic nature – phytoalexins (isohemigossypol 
and gossypol-equivalent) in infected etiolated cotton seedlings of S-4727 cultivar infected with Verticillium wilt 
pathogen was studied. It was found that photostimulation of seeds by red light induces phytoalexin formation 
in cotton tissues infected by the pathogen 1.5–2 times more effectively in comparison with Bisol-2 preparation 
or inducer of electromagnetic nature. The correlation between the content of phytoalexins in the tissues of 
seedlings, parameters of induction curves of chlorophyll fluorescence and the number of plants with signs of 
wilt lesions grown from treated and untreated seeds with inducers was revealed. This indicates the possibility 
of using red light and weak low-frequency electromagnetic fields as factors contributing to the intensification 
of phytoalexin formation in response to Verticillium wilt infection of cotton.
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INTRODUCTION

An important link in the technology of cultivation 
of agricultural crops is plant protection from pests, 
which is carried out using various methods: breeding 
and seed production, agrotechnical, physical and 
mechanical, chemical, biological, etc. (Daguzhieva, 
2015). Among them, a certain place is occupied by 
protective measures, which are based on the induction 
of plant disease resistance by immunomodulators of 
physical and chemical nature (Stossel, Magnolato, 1983; 
Akhmedzhanov et al., 1992; Shakirova, 2001; Ben-Izhak 
et al., 2003; Tonkikh, 2010; Pershakova et al., 2016).

It is known that the increase of cotton resistance to 
damage by causative agent of Verticillium wilt — fungus 
Verticillium dahliae Kleb in many cases consists in induc-
ing biosynthesis in plant tissues of phytoalexins, such as 
isohemigossypol and gossypol equivalent, toxic to the 
pathogen (Avazkhodzhaev, Zeltser, 1980, 1995; Stos-
sel, Magnolato, 1983; Akhmedzhanov et al., 1993; Kuc, 
1995; Dyakov et al., 2001; Konan et al., 2014; Khotamov, 
Redzhapova, 2019; Khotamov, Akhmedzhanov, 2021).

To intensify immune reactions of cotton to increase 
wilt resistance is applied by stimulating phytoalexin for-
mation in plant tissues with the help of various chemi-
cals of biogenic and abiogenic nature by soaking seeds, 
spraying plants in different phases of development, 
etc. (Stossel, Magnolato, 1983; Dyakov et al., 2001; 
Belan, 2001; Kodirov, 2009; Akhiyarov et al., 2017). 
However, the widespread use of chemical pesticides 
has a number of negative consequences: environmental 
pollution, possible adaptation of the fungus V. dahliae, 
the emergence of new virulent races of the pathogen 
and toxic effects on beneficial microflora.

The phytoalexin-forming ability of plants in re-
sponse to pathogen infection is significantly influenced 
by environmental factors and the physiological state 
of the plant organism itself. Light is also an inducer 
of phytoalexin formation in plant tissue. For example, 
ultraviolet irradiation (wavelengths less than 0.4 μm) of 
seeds and plants excites plant defence reactions (Haard, 
1983; Kodama et al., 1988; Nelyubina, Kasatkina, 2021). 
At the same time, stress creation by means of ultraviolet 
irradiation has a number of disadvantages associated 
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with the possibility of its destructive action not only 
on pathogen macromolecules but also on host plant 
elements. In addition, the process of ultraviolet irradia-
tion is labour-intensive and harmful to the human body 
(Nenakhova, Nikolaeva, 2020; Sayapina et al., 2022).

An alternative to ultraviolet irradiation is red light, 
which, by inducing the cis-trans isomerisation reac-
tion of the phytochrome chromophore, the bilitriene-
loosened tetrapyrrole cycle, activates the phytochrome 
system of plants and thus regulates many metabolic 
processes of the cell (Kuznetsov et al., 1986; Voloto-
vsky, 1992; Dechaine et al., 2009; Vayda et al., 2018; 
Voytsekhovskaya, 2019; Legris et al., 2019; Akhmedzh-
anov et al., 2023), including phytoalexin formation 
(Akhmedzhanov et al., 1992; Mavlanova, 2012). In 
addition, the possibility of increasing plant resistance 
to various harmful factors, including pathogens, by 
means of short-term stressing by inducers of different 
nature, i. e. plant hardening, has been shown (Shakirova, 
2001). Studies by a number of authors (Ben-Izhak et 
al., 2003; Aksenov et al., 2007; Tonkikh, 2010; Bila-
lis et al., 2013; Pershakova et al., 2016) have shown 
that low-frequency electromagnetic fields can also be 
attributed to such inducers. Taking into account the 
efficiency and simplicity of using weak low-frequency 
electromagnetic fields for plant treatment, as well as 
their neutrality in terms of environmental impact, it 
was interesting to compare the effect of red light and 
low-frequency electromagnetic fields as inducers of 
phytoalexin formation in cotton tissues infected with 
the Verticillium wilt pathogen with the known immu-
nostimulant — chemical preparation Bisol‑2 (Shakirova, 
2001; Akhiyarov, 2017; Belan, 2001). At the same time, 
the efficiency of inducers of cotton defence reactions 
studied in the experiments was also controlled by in-
duction of chlorophyll fluorescence, the parameters 
of which adequately reflect the physiological state of 
plants (Veselovskiy, Veselova, 1990; Lichtenthaler, 
1992; Korneev, 2002; Belasque et al., 2008; Posudin et 
al., 2010; Belov et al., 2015; Matorin et al., 2018; Wu et 
al., 2019), including their resistance to phytopathogens 
(Kshirsagar et al., 2001; Mandal et al., 2009; Pascual et 
al., 2010; Babar et al., 2018; Aleynikov, Mineev, 2019; 
Khotamov et al., 2020).

The aim of this work was a comparative study of the 
effect of the Bisol‑2 immunostimulant, low-frequency 
electromagnetic fields, and biologically active red light 
on the resistance of cotton variety S‑4727 to the caus-
ative agent of Verticillium wilt by assessing the intensity 
of the hypersensitivity reaction of pathogen-infected 
tissues and the characteristics of fluorescence induc-
tion of plant leaves.

MATERIALS AND METHODS

In the experiments, of the susceptible cotton cultivar 
S‑4727 (Gossypium hirsutum) was used, which was 
grown in vegetation vessels on sterilized vermiculite 
enriched with Belousov’s nutritious mixture (Zhurbitsky, 
1968). In a phase of 6–7 true leaves, cotton plants were 
infected with a dosed inoculum of race‑2 of the fungus 
V. dahliae from the collection of plant pathogens of the 
Institute of Genetics and Experimental Plant Biology 
of the Academy of Sciences of Uzbekistan at a rate of 
2.5 million spores/ml. Plants were used as control, into 
the stems of which distilled water was introduced using 
a capillary (Avazkhodzhaev et al, 1995).

A monospore culture of V. dahliae fungus was grown 
for 8 days in test tubes on a solid Chapek 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. Sowing 
was carried out by the “injection” method on the surface 
of an agar medium. As seed material, conidia or 
microsclerotia of micromycetes were used separately, as 
well as a mixture of these fungal structures. Then, using 
a microbiological loop under sterile conditions, part of 
the conidia was transferred to Petri dishes with Chapek’s 
medium, where they were germinated in an incubator at 
a temperature of 27 °C in complete darkness. A fungal 
spore suspension was prepared by shaking 2 ml of sterile 
distilled water in a test tube with a fungal culture of 
10–15 days of age (Avazkhodzhaev, Zeltser, 1980). The 
density of fungal spores in suspension was calculated 
according to the method described in (Israel et al., 
1968). The suspension of conidia of the fungus obtained 
in vitro, after calculating its density, was diluted in the 
required concentration.

Plants were infected by injection of inoculum 
using a triple injection with a syringe into the stem. 
The inoculum was released from the syringe as a drop 
of suspension at the end of the needle. The needle 
was inserted into the stem at an angle of 45°. A drop 
was absorbed into 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 leaf blade sections indicated 
damage to infected plants by the wilt (Avazkhodzhaev, 
Zeltzer, 1980).

When studying the parameters of the hypersensitiv-
ity reaction, etiolated hypocotyls of cotton were used. 
Seedlings were grown in a thermostat at 24оC. 18–20 
day old etiolated seedlings were placed in tubs and 
treated by spraying with a wilt inducer at the rate of 
0.05 mg/100 ml of water. The qualitative composition 
of phytoalexins (FA) was determined by thin layer chro-
matography on Silufol-UV‑254 plates from Kavalier 
(Czech Republic). For the quantitative determination 
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of isohemigossypol (IHG) and phytoalexin-equivalent 
(GE), cotton seedlings were finely chopped with scis-
sors, filled with chloroform at 1:3 ratio, and placed in 
a refrigerator for 24 hours. Then obtained chloroform 
extract containing 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 chloro-
form eluate was used for coating Silufol UV‑254 plates. 
The plates were placed in chromatographic chambers 
and a single separation was performed in a benzol — 
methanol (9:1) solvent system. Benzol and methanol 
must be anhydrous 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 fluoroglicin (2% 
in 96% ethanol). For this, the plate was covered with 
a developing reagent using a spray gun, then left for 
several minutes in air to evaporate the solvent, after 
which the chromatograms were heated for 1 min in a 
thermostat at 100 °C. Phytoalexins IHG and GE are 
stained in a stable dark crimson color. The quantita-
tive determination of FA was carried out by elution of 
spots from chromatograms with a benzol-methanol 
mixture (9: 1) and measurement of the color intensity 
on a photoelectrocolorimeter with a blue light filter. The 
eluate from the clean zone of the chromatogram was 
used as a standard. The quantitative content of IHG 
was calculated using a pre-drawn calibration graph us-
ing pure IHG preparation as a standard. The results 
obtained were expressed in μg per g of wet tissue of 
etiolated seedlings (Avazkhodzhaev, Zeltzer, 1980).

Seeds before germination in the dark to obtain 
etiolated seedlings and before sowing into growing 
vessels were treated with immunostimulant Bisol‑2 
by soaking in the drug solution (the rate of drug 
consumption is 1 litre/t), electromagnetic field of 
electromagnetic pulse generator with a frequency of 
4 Hz and magnetic induction of 200–500 nTl for 30 
minutes (Tonkikh, 2010). Seed irradiation was carried 
out for 5 minutes with red light of LEDs (maximum 
radiation 660 nm) according to the method described 
in the patent (Akhmedzhanov et al., 2017).

Induced fluorescence of chlorophyll of the control 
(uninfected) leaves and infected with the pathogen 
of Verticillium wilt plants was measured on the 7th 
day after infection. The functional activity of the 
photosynthetic apparatus (PSA) of assimilating cotton 
tissues was evaluated by indicators of chlorophyll 
f luorescence induction (CFI) using a portable 
fluorimeter (Akhmedzhanov et al., 2013): light source — 
LED, 450–470 nm; receiver — P-I-N photodiode; 
fluorescence kinetics recording time up to 10 min with 
a resolution of 0.01 s. In this case the following ratio of 
parameters of the leaf fluorescence induction curve was 

used: (FM–FT)/FM — degree of decrease in chlorophyll 
fluorescence intensity characterizing the integral activity 
of the photosynthetic apparatus, where FM — maximum 
value of fluorescence induction, FT — stationary value 
of fluorescence after light adaptation of a leaf (Posudin 
et al., 2010; Romanov et al., 2010; Akhmedzhanov 
et al., 2013; Khotamov et al., 2020).

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

RESULTS

The physiological and biochemical study of various 
aspects of plant activity provides an opportunity to 
exploit the immune properties of the organism itself, 
by which it defends itself against attack by pathogens 
in nature. The results of studies have shown that both 
red light (RL) and low frequency electromagnetic 
fields (LF EMF) act on cotton seedlings similarly to 
physiologically active drugs (inducers), which activate 
the immune properties of plants manifested in the 
production of phytoalexin-like substances upon contact 
with the pathogen.

Analysis of chromatograms (Fig. 1) revealed that 
treatment of seeds with RL and LF EMF induces a 
hypersensitivity reaction in pathogen-infected tissues 
of hypocotyls of etiolated cotton seedlings. The areas 
of the chromatograms in which the phytoalexins (FA), 
isohemigossypol (IHG) and gossypol equivalent (GE) 
are detected are stained with fluoroglucin significantly 
more intensely when seedlings grown from inducer-
irradiated seeds were used compared to when seedlings 
were obtained from non-irradiated seeds. Thus, the 
chromatographic characterisation of chloroform 
extracts of experimental and control cotton seedlings 
qualitatively indicates the FA‑inducing activity of RL 
and LF EMF.

The data presented in the Table 1 reflect the effect 
of irradiation of cotton seeds with RL and EMF LF on 
the quantitative content of FA formed in the tissues of 
seedlings 48 hours after infection with the Verticillium 
wilt pathogen. Spraying of etiolated seedlings with the 
fungus preparation causes induction of FA‑formation, 
but treatment of seeds with immunostimulant Bisol‑2, 
as well as photostimulation and stressing of seeds by 
exposure to EMF LF lead to a noticeable increase 
in FA‑inducing ability of infected tissues of etiolated 
seedlings. At the same time, it should be noted that 
under the influence of RL the increase in IGH content 
was 1.5–2 times greater compared to that induced 
by EMF LF or Bisol‑2 preparation. There is also 
a small difference in the content of GE in variants 
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with pretreatment of seeds with RL, EMF HF or 
immunostimulant.

The effectiveness of the effect of Bisol‑2, RL 
and EMF LF on cotton resistance to infection by 
phytopathogenic fungus was also controlled by the 
method of induction of chlorophyll fluorescence (CFI) 
of plant leaves.

The data presented in Fig. 2 showed that infection 
of cotton with the Verticillium wilt pathogen resulted 
in an almost 2-fold decrease in the parameter (FM – 
FT)/FM of the CFI measured at both 690 nm 
and 730 nm wavelengths. Pre-sowing treatment of 
seeds with immunostimulant Bisol‑2 and inducer of 
electromagnetic nature have a significant protective 
effect against the negative effect of phytopathogen: 
the values of CFI parameter measured at 690 nm were 

fixed at a higher level compared to the variant of plant 
infection without pre-treatment with inducers. At the 
same time, the difference in the value of the parameter 
compared to the control (healthy plants) was 17 and 
26% in the case of inducer of chemical and physical 
nature, respectively. The greatest effect was observed 
for the variant of seed pre-sowing phototreatment: 
the values of the measured parameter CFI did not 
differ from the control. At the same time, the CFI 
measurement at 730 nm wavelength showed the 
following results: while the seed pretreatment with 
red light also completely prevents the reduction of the 
(FM – FT)/FM parameter value, in the case of the 
Bisol‑2 preparation application variant the protective 
effect was only 77.9%, and in the EMF variant — 76.4%.

DISCUSSION
A large number of works have been devoted to 

the study of the role of the phytochrome system in 
the regulation of physiological processes, from seed 
germination to the end of ontogenesis. The results of 
these studies have shown that the phytochrome system 
controls the germination of seeds, the restructuring 
of growth processes associated with the release of 
the seedling from the soil into the light, provides the 
plant with optimal adaptation to lighting conditions 
necessary for its photosynthetic activity, participates in 
the regulation of flowering and many other processes in 
plant life (Kulaeva, 2001; Dechaine, 2009), including 
plant resistance to phytopathogens (Mavlanova, 
2012; Akhmedzhanov et al., 1992, 2023). Improving 
the sowing qualities of seeds under the influence of 
incoherent red light activates the initial growth processes 
in seeds, which further affects the acceleration of plant 
growth and development and, ultimately, leads to an 
increase in yield (Savina et al., 2015).

Phytochrome is the main photoreceptor of plants, 
which is located in the cells of the seed embryo. When 
soaking seeds, enzymatic reactions are activated in them, 
which cause hydrolysis of organic substances necessary 
for the nutrition of the embryo and the start of initial 
growth processes, which are stimulated by irradiation 
of seeds with red light (Savina, Ilyichev, 2021). At the 
same time, the main link in the mechanism of triggering 
the initial growth processes in seeds is an increase in the 
amount of gibberellin, which initiates the activation of 
hydrolytic enzymes (amylases, proteases, lipases) that 
cleave endosperm spare substances that contribute 
to the germination process (Bitarashvili et al., 2019). 
Another representative of the hormonal regulation of 
physiological processes of plants is auxin indolyl‑3-
acetic acid (IAA), which stimulates cell division and 
stretching, promotes the formation of conductive 
bundles and roots, and activation of the proton pump 
in the plasmalemma under the action of IAA leads 

Fig. 1. Chromatograms of quantitative content of 
isohemigossypol and gossypol equivalent in hypocotyls 
of etiolated seedlings of cotton cultivar S-4727 48 h after 
infection with Verticillium dahliae fungus (infection load 
2.5 million spores/ml): 1 – control (seeds before sowing 
were not treated, seedlings were not infected with the 
inducer of wilt lesion); 2 – seeds before sowing were not 
treated, seedlings were infected; 3 – seeds before sowing 
were treated with Bisol-2, seedlings were infected; 4 – 
seeds before sowing were treated in electromagnetic field, 
seedlings were infected; 5 – seeds before sowing were 
treated with red light, seedlings were infected.
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to acidification and loosening of the cell wall and 
thereby promotes cell growth by stretching. The IAA 
complex with the receptor is transported to the nucleus 
and activates RNA synthesis, which in turn leads to 
increased protein synthesis (Quail, 2002). As the 
results of our studies have shown (Nazhimova, 2007), 
phytochrome plays an active role in this process, which 
can bind to various auxin receptors, both membrane 
and cytoplasmic, at the very first stages of RL signal 
transduction, and this binding leads to an increase in 
the affinity of auxin to its receptors, which, as a result, 
enhances some rapid reactions in plants mediated by 
auxin under the action of RL.

The differences revealed in this study in the efficiency 
of the regulatory effect of inducers on the intensity 
of cotton defence reactions against Verticillium wilt 
pathogen are apparently related to the specificity 
of the action of RL mediated by the phytochrome 
system on this process. According to current ideas 
(Kuznetsov et al., 1986; Volotovsky, 1992; Kulaeva, 
2001; Dechaine et al., 2009; Vayda et al., 2018; 
Legris et al., 2019; Akhmedzhanov et al., 2023), a 
distinctive feature of phytochrome participation in 
the regulation of physiological processes of a plant 
organism is antagonism in the action of red and far 
red light (FRL) on the initiation and intensity of their 
course. In this regard, the opposite effect of RL and 
far-red light (FRL) on FA synthesis is evidence of the 
specificity of RL effects: in contrast to pretreatment of 
seeds with RL, which activates the phytochrome system 
and thus stimulates FA formation, treatment of seeds 
with FRL, which leads to the reverse photoconversion 
of phytochrome from the active Pdk to the inactive 
Pk form, does not affect the efficiency of defence 
reactions of infected cotton plants compared to the 
control (Akhmedzhanov et al., 1993). This fact may 
indicate in favour of the fact that RL seed irradiation 
through a cascade of phytochrome-dependent reactions 
contributes to the removal of the mechanism of 
suppression of genes responsible for the hypersensitivity 
reaction when plants are infected with the Verticillium 
wilt pathogen. There is an opinion (Avazkhodzhaev et 
al., 1995) that the suppression mechanism functions 
more effectively in cotton genotypes susceptible to 
wilt; therefore, under normal conditions they are 
characterised by low FA content in tissues. However, 
after the removal of this mechanism under the action 
of the active form of phytochrome, these genotypes 
acquire the ability to significantly increase the level of 
FA‑formation, as noted for the cotton variety S‑4727 
studied in our experiments.

Under the action of non-specific stressing factors, 
which includes electromagnetic stressing of seeds, the 
mechanism of FA formation is different. In response 
to a nonspecific stressor, a large and complex chain 
of nonspecific plant responses develops, including 
expression of protective genes followed by synthesis 
of protective enzymes, etc. (Ben-Izhak et al., 2003; 
Malinovsky, 2004; Tonkikh, 2010; Bilalis et al., 
2013). It is quite probable that the differences in the 
mechanisms of influence of RL and EMF LF on the 
system of defence reactions of cotton against wilt lesions 
cause, in the end, the difference in the efficiency of 
FA‑inducing ability of infected tissues of seedlings 
grown from photostimulated and stressed seeds in 
the electromagnetic field. Differences in FA content, 
especially IHG, in experimental and control (without 

Fig. 2. Effect of seed treatment with Bisol-2 
immunostimulant, low frequency electromagnetic field 
or red light on the value of the parameter (FM – FT)/
FM of induction curves of chlorophyll f luorescence of 
leaves of Verticillium wilt-infected cotton cultivar S-4727. 
Measured at wavelengths of 690 nm (A) and 730 nm 
(B): 1 – control (seeds before sowing were not treated, 
seedlings were not infected with wilt inducer); 2 – seeds 
before sowing were not treated, seedlings were infected; 
3 – seeds before sowing were treated with Bisol-2 
preparation, seedlings were infected; 4 – seeds before 
sowing were treated in electromagnetic field, seedlings 
were infected; 5 – seeds before sowing were treated 
with red light, seedlings were infected. The confidence 
interval of the mean values was at least 95% (P ≤ 0.05).
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Table 1. Effect of seed treatment with immunostimulant Bisol‑2, low frequency electromagnetic field or red light on 
the quantitative content of phytoalexins in etiolated seedlings of cotton S‑4727 cultivar 48 hours after infection with 
Verticillium dahliae fungus (infection load 2.5 million spores/ml) and the number of plants (in % of the total number) 
with Verticillium wilt symptoms

Seed treatment option
IGH GE Percentage of affected 

plantsµg/g crude tissue
Control – – –
V.d. 19.4 ± 2.28 24.9 ± 2.66 23.1
Bisol‑2 + V.d. 24.3 ± 2.29 27.7 ± 3.17 12.0
EMF LF + V.d. 23.9 ± 2.55 28.6 ± 3.04 12.5
RL + V.d. 30.0 ± 3.11 32.8 ± 4.05 4.9

Примечание. V.d. — infection with Verticillium dahliae fungus. The confidence interval of the mean values was at least 
95% (P ≤ 0.05).

application of inducers of defence reactions) variants 
correlate well with the number of plants with signs of 
wilt lesions. This fact is another strong evidence of the 
possibility of using RL and EMF LF as inducers to 
increase the efficiency of the FA‑formation mechanism 
in response to infection of cotton with Verticillium wilt.

Comparative analysis of the effect of the studied 
inducers on the intensity of the hypersensitivity reaction 
and the parameters of CFI of cotton tissues infected 
with the pathogen showed almost equal effectiveness 
of the protective effect of Bisol‑2 and EMF LF. At the 
same time, the level of plant defence reactions was 
significantly higher in the case of pre-sowing treatment 
of RL seeds. The calculation of Pearson correlation 
coefficient (rp) between the content of IGH in etiolated 
tissues and the values of the parameter (FM – FT)/FM 
of CFI measured at wavelengths of 690 nm and 730 
nm in the experimental and control variants allowed 
us to establish the value of rp = 0.93 with the average 
error of the correlation coefficient mr = 0.052 and 
rp = 0.89 and mr = 0.056, respectively. Thus, a high 
positive correlation was revealed between the compared 
indicators of resistance of cotton cultivar S‑4727 to the 
Verticillium wilt pathogen: the greater values of the 
parameter (FM – FT)/FM of tissue fluorescence, the 
more effective is the system of plant defence reactions 
determined by the level of FA content in infected 
tissues. Conversely, a low level of IHG synthesis favours 
unimpeded spread of the pathogen through tissues of 
susceptible cultivars, which is reflected in a decrease 
in the value of the CFI parameter.

At present, chemical substances — inducers of 
hypersensitivity reaction of infected tissues — are widely 
used to increase cotton wilt resistance (Kodirov, 2009). 
The results of our research showed the effectiveness 
of alternative inducers of cotton resistance to the 
causative agent of Verticillium wilt — low frequency 
electromagnetic fields and biologically active red light. 
The significant advantage of inducers of physical nature, 

compared to chemical immunostimulants, is high 
efficiency, environmental safety, the absence of the 
emergence of new virulent races of the pathogen and 
negative impact on the useful microflora, as well as 
low cost and simplicity of the procedure of pre-sowing 
treatment of seeds with red light (Akhmedzhanov et 
al., 2017) and electromagnetic fields of low frequency 
(Aksenov et al., 2007; Tonkikh, 2010; Bilalis et al., 2013).
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Исследовано влияние предпосевной обработки семян иммуностимулятором Бисол‑2, красным 
светом и электромагнитным полем низкой частоты на содержание фунгитоксичных веществ фе-
нольной природы — фитоалексинов (изогемигоссипола и госсипол-эквивалента) в инфициро-
ванных возбудителем вертициллезного вилта этиолированных проростках хлопчатника сорта 
С‑4727. Установлено, что фотостимуляция семян красным светом индуцирует фитоалексино-
образование в инфицированных патогеном тканях хлопчатника в 1.5–2 раза эффективнее по 
сравнению с препаратом Бисол‑2 или индуктором электромагнитной природы. Выявлена кор-
реляция между содержанием фитоалексинов в тканях проростков, параметрами индукционных 
кривых флуоресценции хлорофилла и количеством растений с признаками вилтового пораже-
ния, выращенных из обработанных и необработанных индукторами семян. Это указывает на 
возможность использования красного света и слабых низкочастотных электромагнитных полей 
в качестве факторов, способствующих интенсификации процесса фитоалексинообразования 
в ответ на заражение хлопчатника вертициллезным вилтом.
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