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The importance of studying pre-sowing seed treatment lies in the possibility of regulating the rate of seed germination, the intensity of their growth and obtaining root exudates in biotechnology. The effect of three pre-sowing treatment methods was examined
(control – washing with running water; the first method – washing with 0.05% sodium permanganate solution; the second method –
30 seconds in 70% ethyl alcohol (C2H5OH) and 30 minutes in 5% sodium hypochlorite (NaOCl); the third method – 5 minutes in
70% C2H5OH and 40 minutes in 5% NaOCl) on the growth rate, germination rate, excretion rate of seeds of wheat and peas and
composition (of protein, carbohydrate, amino acid content) of root exudates from the first to the third day of growth in order to obtain
root exudates. It was revealed that the same pre-sowing treatment of wheat and pea seeds has a different effect on the rate and variability of seedling growth from the first to the third day, as well as on the qualitative and quantitative composition of root exudates. It
was shown that pre-sowing treatment of wheat and pea seeds for 5 minutes with 70% ethanol followed by treatment with sodium
hypochlorite (a “hard” treatment method) accelerates seedling growth and seed germination. This method of treatment reduces the
intensity of excretion of root exudates and composition in wheat, but it increases the intensity of excretion in peas. The discovered
effects can be explained by hormesis. Additionally, the third method of pre-sowing seed treatment can be used in root technologies
for obtaining root exudates.
Keywords: pre-sowing treatment; wheat; peas; root exudates; hormesis; excretion.

Introduction
The development of biotechnology and bioengineering can significantly increase the productivity of plant objects. Currently, several biotechnological approaches for regulating plant growth and expanding the
scope of their metabolites can be distinguished by: 1 – genetic modification; 2 – increase in productivity due to pre-sowing treatment of seeds and
the use of growth regulators; and 3 – development of new methods for
producing metabolites, including root exudates, 4 – the introduction of
rhizospheric microorganisms in agriculture (Król et al., 2014; Majeed
et al., 2015; Shen et al., 2019).
The most important point in this regard (pre-sowing treatment) is the
use of pre-sowing treatment of seeds and the preparation of root exudates
with biological activity (Li et al., 2013; Kuznetsova et al., 2019).
It was shown that the irradiation of seeds before sowing provides an
increase in productivity of about 5–20% (Farooq et al., 2019). Such an increase in yield after irradiation or after the action of other physical factors
is explained by the presence of a metabolic acceleration zone on the dose
curve and the yield as well. This effect was called radiation hormesis and
can be explained by the fact of stress "moderate strength", that is, insufficient for the manifestation of toxicity, provides nonspecific stimulation of
metabolism (Kuzin, 1993). For the first time this term was used in 1943
by S. Sontman and D. Erlich and means “fast movement”, “aspiration”.
At the present time it is known that hormesis appears in the culture of
microorganisms, plants, and animals, and not only under the influence of
radiation, but also other stress factors, including chemical toxicants, that is,
it can be attributed to general biological phenomena (Calabrese, 2008;
Nweke & Ogbonna, 2017). Intensive studies of hormesis mechanisms are
currently underway. It was shown that the manifestation of hormesis is
associated with the induction of stress-proteins (Dattilo et al., 2015), the
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rearrangement of metabolism, and an increase in the proliferative activity
of cells. Knowledge of hormesis mechanisms is crucial in understanding
the features of the formation of the response of biological systems to the
action of environmental factors and particularly of toxic substances and
can be used in practice not only in agriculture but also in medicine. In this
regard, further studies of the phenomenon of hormesis are the most important task of biology and biotechnology. The available data suggests that
the transition from a stable (normal) metabolic state to a stress state that is
induced by negative environmental factors occurs through the formation
of unstable metabolic states. It can be argued that an increase in the variability of the functioning of the genome, metabolome, and the formation of
phenotypic indicators is a condition for the transition from a relatively
stable to a metastable state, and as a result, it manifests itself as hormesis
(Tharmalingam et al., 2017).
To test this hypothesis, we studied wheat and pea seedlings in the
early stages of growth, from the first to the third day of growth, which
went through different methods of pre-sowing seed treatment. That included processing the seeds which used solutions which have a pronounced antibacterial effect such as sodium hypochlorite and alcohol.
This early growth period is interesting because epigenetic patterns
are formed in the initial stages that can persist in ontogenesis (Ashapkin
et al., 2019). In addition, asynchronous passage of the cell cycle of intensely divided root cells takes place during this period. At the same
time, the root rhizosphere and excretory system of the root are formed,
which provides a transition to heterotrophic plant nutrition. Also in this
early period of growth, the basic metabolic characteristics of plants are
formed, which determine their resistance to stress factors, in particular
growth intensity and yield (Dupont & Altenbach, 2003).
An analysis of the functioning of the root excretory system after
pre-sowing seed treatment, which provides a hormesis effect in relation
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to the seedling growth rate, plays a vital role in the development of root
biotechnologies in order to obtain biologically active compounds (Belz
et al., 2011; Kossmann, 2012; Azeez et al., 2018).
In this regard, the influence of different methods of presowing treatment of pea and wheat seeds on germination, the growth rate of seedlings,
as well as the intensity of excretion of root exometabolites and their composition from the first to the third day of growth was determined.
Materials and methods
The objects of the study were the seeds of pea (Pisum sativum) and
wheat (Triticum aestivum) of the year 2017. Three methods of pre-sowing
treatment of seeds were used (Fig. 1). Control variant: wheat and pea
grains were washed 3 times with running water and 3 times with distilled

sterile water. The first pre-sowing treatment: wheat, and pea grains after
washing, as described in the control version, were soaked in a 0.05% sodium permanganate solution for 5 minutes, repeatedly (3–4 times) washed
with distilled sterile water. The second pre-sowing treatment method: after
control wash, wheat and pea grains were soaked for 30 seconds in 70%
ethanol (C2H5OH), then washed with sterile distilled water and then soaked for 30 minutes in 5% sodium hypochlorite (NaOCl). After this, the
grains were washed with sterile distilled water.
The third method of pre-sowing treatment of seeds differed from the
second method by the time of soaking the grains in ethanol and sodium
hypochlorite. That is, after control wash, wheat and pea grains were
soaked for 5 minutes in 70% ethanol (C2H5OH), then washed with sterile
distilled water and then soaked for 40 minutes in 5% sodium hypochlorite
(NaOCl). After this, the grains were washed with sterile distilled water.
Indicators
Collection of root exudates
Determination of content (protein, carbohydrates,
free amino acids)
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Running water
Sterile water

50grain

+H2O

+H2O

+H2O
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5% NaOCl (40 min)
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Fig. 1. Experimental design, which demonstrates the sequence of pre-sowing seed treatment, collection of root exudates and determination
of protein, carbohydrate, free amino acid content: the figure shows the number of wheat grains (50) and pea grains (25) in every Petri dish;
in every experiment, 450 grains of wheat and 225 grains of peas were analyzed; in this work, 3 independent experiments were performed
After pre-sowing treatment, wheat and pea grains were soaked in
sterile distilled water for 24 hours at 26 °C so that the grains would
hatch. 24 hours after soaking, the grains from each treatment option were laid out in Petri dishes. 50 grains of wheat were laid out in each Petri
dish, and 25 grains of peas. In Petri dishes, distilled water in a volume of
7 and 10 mL, respectively, was added to wheat and pea grains. Dishes
with seedlings were placed in a chamber with round-the-clock lighting
and a temperature of 26 °C. On the first, second and third days of
growth, the number of sprouted grains, the length of the root of pea and
wheat seedlings were determined, and aqueous root exudates were collected in a flow mode, in which the content of total proteins, free amino
acids and total carbohydrates was determined (Fig. 1).
Determination of the growth rate of wheat and pea seedlings root
and the collection of root exudates. To assess the growth rate of the

roots of wheat and pea seedlings, the root length of the seedlings from
the first to the third day of growth was determined.
To characterize the excretory activity of wheat and pea seedlings,
aqueous exometabolites of seedlings were collected in a flow mode. So,
an aqueous solution of root exometabolites of one-day old seedlings is
exudates that were collected in the first day of growth. Then, to the remaining seedlings of wheat and peas, 7 mL of distilled sterile water for
wheat and 10 mL for peas was again added to the same Petri dishes and
cultivation was repeated under the same conditions for 24 hours. Then,
in the second day of growth, an aqueous solution of root exometabolites
was collected – these were two-day old root exudates. In the same way,
three-day-old root exudates were obtained (Fig. 1). The content of total
protein, free amino acids, and total carbohydrates was determined in the
first, second, and third day-old root exudates of wheat and pea seedlings.
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The total protein content in the root exudates of wheat and pea
seedlings was determined by the Lowry method (Lowry et al., 1951).
Protein content was expressed in mg/100 grains.
The carbohydrate content in the composition of root exudates was
determined according to the Molish method (Masuko et al., 2005), and
the content of free amino acids was determined using the ninhydrin method as described previously in our works (Azeez et al., 2018). Carbohydrate content was expressed in μg glucose/100 grains, and amino acid
content in μg glycine/100 grains.
All experiments were carried out in 3 technical replicates (1 Petri
dish with 50 wheat seeds each, 1 Petri dish with 25 pea seeds each) and
3 biological replicates. Therefore, 450 seeds of wheat or 225 seeds of
pea were used in each treatment group. From each Petri dish with wheat
seeds 15 seeds were randomly analyzed, from each Petri dish with peat
seeds 20–25 seeds were randomly analyzed. Statistical data analysis
was performed using the Statistica 6.0 package (StatSoft Inc. USA,
2001). The data are presented as x ± SE (x ± standard error). The differences between samples were analyzed using the non-parametric MannWhitney U-test (Mann & Whitney, 1947). Differences were considered
statistically significant at P < 0.05.

growth of about two times compared with the control regardless of the
method of pre-sowing treatment seeds (Fig. 3a). But on the second and
third days, they did not significantly differ from the control (Fig. 3a).
Therefore, the variability of the growth dynamics of wheat roots in the
control variant increased repeatedly from the first to the third day of
growth. Pre-sowing treatment of wheat seeds increased the variability of
growth dynamics only on the first day of wheat roots and this did not
depend on the method of pre-sowing treatment.

Results
The influence of different methods of pre-sowing treatment of seeds
on the growth rate of wheat and pea seedlings from the first to the third
day of growth. It is known that, at the initial stages of germination, intensive root growth is observed in both wheat and peas. So, on the first day the
root length of the wheat reached 0.76 ± 0.03 cm, and length of the peas’
root is 0.58 ± 0.03 cm. On the third day, respectively, 2.78 cm in wheat
and 1.78 cm in peas (Fig. 2a, c). It should be noted that the growth rate of
seedlings from the first to the third day was non-linear for both wheat and
peas, with a maximum specific growth rate on the second day of growth
(1.13 cm/day in wheat roots and 0.79 cm/day in peas) (Fig. 2b, d).
Pre-sowing treatment of wheat seeds by the first method did not affect
the intensity of root growth (Fig. 2a). However, the specific growth rate
exceeded the control on the second day of growth, while on the third day,
it lagged behind the control (Fig. 2b). Accordingly, pre-sowing treatment
of wheat seeds with sodium permanganate increased the variability of the
relative root growth rate if compared to the control variant.
In that case, when wheat seeds were treated by the second method (30 s
with alcohol and 30 min. with sodium hypochlorite) they exceeded the
control variant in root length by 25% on the third day and in specific
growth rate in the second and third days (Fig. 2a, b). The greatest stimulating effect on absolute (root length) and specific growth rate of wheat roots
was observed after the third method of pre-sowing treatment of wheat
seeds (Fig. 2a, b). So, the root length on the third day exceeded the control
variant by 40%. The specific growth rate was increased by 36% on the
second day and 98% on the third day with the comparison of the control
variant. It should be noted that the specific growth rate, in the three cases
(control variant, the first and the second methods of pre-sowing seed
treatment), decreased on the third day if compared with second day, but
after the third treatment method it remained the same as on the second day
of growth (Fig. 2b). In the event, when pea seeds were subjected to presowing treatment, the first and second methods of pre-sowing seed treatment did not affect the intensity of root growth, while the third treatment
method accelerated their root growth (Fig. 2c, d). Thus, the root length
exceeded the control variant about 106%, 99%, and 103% on the first,
second, and third days, respectively (Fig. 2c). The specific growth rate was
also significantly higher than the control values (Fig. 2d).
In the next step, the area of the strange attractor was determined,
which depends on the diversity of the trajectories of the dynamics of the
studied parameters in the phase space. The area of the strange attractor
reflects the variability (instability) of the behaviour dynamics of research
indicators. Thus, the phase space area, constructed from changes in the trajectories of wheat root growth dynamics in the control variant from the
first to the third day, increased from the first to the second day about
7 times and 3.5 times from the second to the third day of growth (Fig. 3a).
Pre-sowing treatment of wheat seeds was accompanied with an increase in the “strange attractor” area on the first day of the seedlings
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Fig. 2. The length of wheat roots (a) and the specific growth rate
(b); the length of pea roots (c) and the specific growth rate (d): in
the control version (1) and after pre-sowing treatment: 2 – treatment
with potassium permanganate, 3 – with ethyl alcohol and sodium
hypochlorite (alcohol for 30 secs, sodium hypochlorite for 30 min);
4 – with ethyl alcohol (5 min) and sodium hypochlorite (40 min);
the quantity of wheat seeds was n = 135, the quantityof pea seeds
was n = 180 in each treatment group; the data are presented as x ±
SE (x ± standard error); the differences between samples were analyzed using the non-parametric Mann-Whitney U-test; differences
were considered statistically significant at P < 0.05; * – P < 0.05
compared with the control
The strange attractors for the growth dynamics of pea roots were very
different from the strange attractors of wheat roots (Fig. 3b). So, in oneday-old pea roots, the area of the strange attractor was two times bigger
than the attractor area of wheat in the control variant. The attractor area did
not significantly change from the first to the third day of growth. Presowing treatment of pea seeds did not affect the area of strange attractors
on the second and third days of growth (Fig. 3b).
Accordingly, the use of strange attractors allows us to identify differences in the nonlinear dynamics of changes in the root growth indicators
and it can be used in assessing the variability of biological indicators.
Such variability of the dynamics of root growth may be due to different germinations of seeds.
The effect of pre-sowing seed treatment on germination
In the control variant of wheat seeds, at the end of the first day of
growth, 26% of the grains remained non-germinated, while at the end of
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the second day their number had decreased and 14% grains remained
non-germinated, and at the end of the third day 6% of the seeds were nongerminated (Fig. 4a). As a result, the wheat seeds of the control variant

were quite heterogeneous in terms of germination rate. This was manifested in a linear decrease in the number of non-germinated seeds from the
first to the third day of growth (Fig. 4a).

Fig. 3. Attractors for the root length of wheat seedlings from 1st to 3rd day of growth: wheat grains (a) and pea grains (b) were processed in different
ways: c – control variant, I – pre-sowing treatment – potassium permanganate, II – ethyl alcohol (30 s) and sodium hypochlorite (30 min); III – ethyl
alcohol (5 min) and sodium hypochlorite (40 min); the strange attractors for root length were built using the time delay method with Statistica 6.0
software package; the quantity of wheat seeds were n = 135, the quantity of pea seeds were n = 180 in each treatment group
Regul. Mech. Biosyst., 2020, 11(1)
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Fig. 4. The number of non-germinated seeds of wheat (a) and pea (b) in the control variant (c) and after pre-sowing treatment:
1 – treatment with potassium permanganate, 2 – treatment with ethyl alcohol and sodium hypochlorite (alcohol for 30 s, sodium
hypochlorite for 30 min); 3 – treatment with ethyl alcohol (5 min) and sodium hypochlorite (40 min); x ± SE; the differences
between samples were analyzed using the non-parametric Mann-Whitney U-test (P < 0.05)
When the wheat seeds were treated by the first method, the number of
non-germinated seeds did not differ from the control variant (Fig. 4a).
However, when wheat seeds were treated by the second method, then the
number of non-germinated seeds at the end of the first day was 36%, and
on the third day 15% versus 6% in the control (Fig. 4a). After using the
third method of pre-sowing treatment, the number of non-germinated
grains was 13% and it did not change from the first to the third day of
growth. Therefore, this method of seed treatment increased the germination of wheat seeds. The germination of pea seeds in the control variant was
significantly better than with wheat. So, at the end of the first day of growth
non-germinated seeds were only 16%, and after the second and the third
days were 8% of the total (Fig. 4b). Pre-sowing treatment of pea seeds did
not have a significant effect on germination, with the exception of the third
method of treatment. After using the third treatment method, the number of
non-germinated seeds on the first day was 12%, they did not germinate
even on the third day of growth (Fig. 4b). Therefore, the third method of
pre-sowing treatment accelerated the germination of pea seeds by about
4% on the first day if compared with the control variant.
It can be concluded that the same type of pre-sowing treatment of pea
and wheat seeds has different effects on seed germination. This could have
a special effect on the growth rate of wheat and pea roots. One of the important factors of plant growth is the functional activity of the root system,
more precisely, the formation of the microenvironment of the roots. In the
process of formation of the microenvironment of the root, root exudates
play a decisive role. At the next stage of work, the excretory activity of
wheat and peas roots was determined after various methods of pre-sowing
seed treatment.
The effect of pre-sowing treatment of wheat and pea seeds on the
qualitative and quantitative composition of root exudates
It was found that pre-sowing treatment of wheat seeds influenced the
intensity of excretion and this depended on the method of pre-sowing
treatment (Fig. 5a). In the control variant, the excretion intensity increased
from the first to the second day by about 1.9 times, and from second to the
third day by 2.1 times, that is, it almost linearly increased from the first to
the third day of growth (Fig. 5a). In this case, when the wheat seeds were
treated by the first method, the number of root exudates on the third day of
growth was 25% higher than in the control variant, and after using the
second method, it was 19% more than with the control variant (Fig. 5a).
When the seeds were treated by the third method, by contrast, on the third
day they excreted only 2,174.9 μg/100 grains, but in the control the total
number of root exudates was 5,880 μg/100 grains, that is 2.7 times less
than the total number of root exudates in the control variant (Fig. 5a). Presowing treatment had a completely different effect on the excretory activity of pea seedlings. Firstly, pea seedlings are characterized by other dynamics of excretory activity if compared with wheat seedlings (Fig. 5b).
So, at the end of the first day of growth in the medium, 5,833.7 μg/100
grains of root exudates were released, exactly as much as was released in
the medium by wheat seedlings on the third day of growth. Secondly, on
the second day of growth, the number of exudates in peas did not differ
from their number on the first day (Fig. 5b). The content of pea exudates
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on the third day of growth increased only by 22% if compared with the
first and the second days of growth (Fig. 5b). Thirdly, the pre-sowing
treatment of pea seeds by the first and second methods did not affect either
the dynamics of growth or the number of excreted exudates (Fig. 5).
Fourthly, the third method of pre-sowing seed treatment of pea seeds did
not inhibit the excretory activity as in wheat but stimulated it without
changing the dynamics of this process. So, on the third day, the total number of root exudates was 34% more than the total number of exudates in
the control variant and amounted to almost 9,517.7 μg/100 seeds (Fig. 5b).
Therefore, pre-sowing treatment of seeds had a different effect on the
intensity of excretion of root exudates and this depended on both the
treatment methods and the species of plant. Of potential interest is the
qualitative composition of the root exudates because their biological activity depends on it. The main component of root exudates of wheat (50–
70% of all components) was carbohydrates. Their content practically did
not change from the first to third day of seedling growth in the control
variant (Fig. 6). Pre-sowing treatment of wheat seeds with the first and
second methods did not affect the carbohydrate content of exudates (Fig. 6).
However, the third method of pre-sowing treatment of wheat seeds had an
impact on the composition of root exudates of wheat. Thus, the content of
carbohydrates in the composition of root exudates decreased about 3 times
on the first day of growth and 5 times on the third day if compared with
the control variant (Fig. 6). Proteins in the composition of root exudates of
wheat accounted for 15–25% of exudates. Their number from the first to
the third day of growth also remained unchanged, and the pre-sowing
treatment of wheat seeds by the first and second methods did not affect
their quantity (Fig. 6). At the same time, after the third method of pre-sowing treatment of wheat seeds, the relative protein content was increased
about 3.0–3.5 times in comparison with the control variant (Fig. 6).
Of great interest is the content of free amino acids in the composition of
root exudates; they accounted for 6–30% of exudates. The dynamics of
their content in wheat exudates were unusual and can be defined as Ushaped. So, their number on the first day was 9%, on the second day of
growth it increased to 25%, and on the third day it decreased to 19% of the
total content of exudates. Pre-sowing treatment of wheat seeds with the
first and second methods did not affect the number and dynamics of free
amino acids in the composition of wheat root exudates (Fig. 6). At the
same time, the third method of pre-sowing treatment of wheat seeds significantly reduced the content of free amino acids in the composition of
exudates. So, their amount remained the same as on the first day and was
3 times less on the second day and 3 times on the third day of growth if
compared with the control variant (Fig. 6). The pea root exudates were very
different in composition from wheat root exudates. More than 80% were
proteins, carbohydrates accounted for 10–15% and 4–6% for free amino
acids. The ratio of these components remained constant from the first to the
third day of growth (Fig. 7). Pre-sowing treatment of pea seeds did not affect
the composition of root exudates (Fig. 7). Consequently, the excretory activity of pea roots was formed during the first days of growth, pre-sowing treatment of pea seeds did not affect the composition of root exudates, and at least
80% of the exudates included proteins.
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Fig. 5. The content of the total number of root exudates in the aquatic culture of wheat seedlings (a) and peas (b) in the control variant (c) and
after pre-sowing treatment: 1 – treatment with potassium permanganate, 2 – with ethyl alcohol and sodium hypochlorite (alcohol for 30 s,
sodium hypochlorite for 30 min); 3 – with ethyl alcohol (5 min) and sodium hypochlorite (40 min); x ± SE; the differences between samples
were analyzed using the non-parametric Mann-Whitney U-test: * – P < 0.05 compared with the control

Fig. 6. The content (%) of carbohydrates, total proteins and free amino acids in aqueous root exudates of wheat seedlings, expressed as a
percentage of the total number of root exudates: C – control variant, after pre-sowing treatment: I – treatment with potassium permanganate,
II – with ethyl alcohol and sodium hypochlorite (alcohol for 30 s, sodium hypochlorite for 30 min); III – with ethyl alcohol (5 min)
and sodium hypochlorite (40 min)

Fig. 7. The content of carbohydrates, total proteins and free amino acids in aqueous root exudates of pea seedlings, expressed as a percentage
of the total number of root exudates: C – control variant, after pre-sowing treatment; I – treatment with potassium permanganate;
II – with ethyl alcohol and sodium hypochlorite (alcohol for 30 s, sodium hypochlorite for 30 min); III – with ethyl alcohol (5 min)
and sodium hypochlorite (40 min)
Discussion
Seed germination is a complex biochemical process that can be characterized as a transition from a state of suspended animation to an active
metabolism. This early stage is divided into 5 phases: water absorption,
swelling, growth of primary roots, sprout development and seedling formation. The early stage of the formation of growth processes has a decisive influence on further growth and yield formation. Pre-sowing seed treatment, as a rule, should provide increased germination, germination energy
and removal of phytopathogens. This is relevant when obtaining root
exudates in aquatic cultures in modern biotechnology (Azeez et al., 2018;
Wolny et al., 2018; Lechowska et al., 2019). Removal of epiphytic microorganisms is a rather difficult task. It was previously shown that the use of
pre-sowing seed treatment can provide partial or complete removal of
epiphytic microorganisms (Azeez et al., 2019). It is possible to say that the
significant thing to be mentioned is the data of the stimulating effect on the

growth rate of wheat and pea seedlings after sequential treatment with
sodium hypochlorite and ethyl alcohol because it affects the qualitative
and quantitative characteristics of the root excretory system. The various
effects of pre-sowing treatment on wheat and pea seeds can be explained
by the differences in the structure of seeds and the peculiarities of wheat
and pea cell metabolism, which was manifested in the fact that most of the
root exudates of wheat are represented by carbohydrates, while the peas
represented by proteins. Therefore, using wheat and peas makes it possible
to obtain biologically active compounds of different compositions with
different biological activity.
The stimulating effect of pre-sowing treatment of seeds can be explained by the fact that sodium hypochlorite and ethyl alcohol can be used
in specific concentrations and time intervals. This causes insignificant damage to the surface of seeds and embryonic cells as well. Such a process
accelerates the rate of water entry into tissues and increases the proliferative activity of cells as a response to minor damage to cellular compo-
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nents. Generally, all that happens causes a hormesis effect. A similar hormesis effect is shown after exposure to various types of radiation and the
action of other physical factors (Calabrese & Baldwin, 1999; Flores &
Garzon, 2013; Garzon & Flores, 2013).
The results of this work showed that, firstly, pre-sowing treatment of
wheat slightly accelerated the rate of root growth, and this effect is dependent on the type of pre-sowing seed treatment. Secondly, pre-sowing treatment of pea seeds had a different effect on the root growth rate (i.e the first
and second methods did not affect the root growth rate of pea seedlings,
but the third pre-sowing seed treatment increased the root growth rate
about two times). Thirdly, the growth rate of seedlings from the first to the
third day was non-linear (the highest specific growth rate was on the second day of growth, and on the third day it decreased), which was typical
for wheat seeds and pea seeds. This nature of the nonlinear dynamics of
the growth of seedlings and the great diversity of results obtained in biological experiments reflects the fact that biological systems are nonlinear
dynamical systems which are characterized by "chaotic" behaviour.
To characterize such systems, they use the construction of the dynamics of
the behaviour of the system in phase space. A graphic representation of
the behaviour system in the phase space is called “attractors”. The attractor
is characterized by a compact subset of the phase space of a dynamic
system, all trajectories from a certain neighborhood of which tend to phase
space with time. Such attractors belong to regular attractors. In the case
when there is no fixed attracting point, then such an attractor is called a
“strange attractor” (Mosekilde et al., 1988; Hastings et al., 1993). Strange
attractors have a non-periodic trajectory, an unstable mode of operation is
characterized by high sensitivity to the initial conditions.
The study of the relationship between growth processes and the qualitative and quantitative composition of root exudates is important to understand the mechanisms of autoregulation of growth and development of
plants, and to obtain root exudates that are used in biotechnology (Bozhkov et al., 1996; Kossmann, 2012; Li et al., 2013; Azeez et al., 2018).
As is known, the main amount of root exudates is composed of sugars, proteins and free amino acids (Canarini et al., 2019). It was shown,
that the ratio between the main components of exudates depends not only
on cultivation conditions, but also on the biological characteristics of
plants and on the species composition of plants (Li et al., 2013).
Conclusion
Presowing treatment of wheat and pea seeds with ethyl alcohol followed by treatment with sodium hypochlorite stimulated the growth of
seedlings from the first to the third day of growth. The stimulated effect
was different for wheat and peas. Such stimulation was accompanied by
the increased excretory activity of root exudates. Pre-sowing treatment of
wheat seeds was accompanied by an increase in the variability of the
growth rate of seedlings and did not affect this indicator for pea seedlings.
The construction of strange attractors for nonlinear dynamical systems,
which are biological systems, can be used to characterize the growth of
seedlings in extreme conditions.
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