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Abstract. Chitosan is a well-known subjectof researchbecause of its beneficial
properties, including its antibacterial and fungicidal activity, as well as its effect on
plant physiology. One of the maindifficulties in agricultural chitosan implementation is
the poor solubility of high molecular chitosan in water. Reducing themolecular weight
of chitosan by acid hydrolysis increases its solubility. This research studied the effect
of chitosan hydrolysate on the germination and development of Solanum lycopersicum
L. plants. Theeffects of chitosan hydrolysate on seed germination, shoot development
in the first week of development and in the first month of development were evaluated.
According to the results, high concentrations of chitosan hydrolysate completely
inhibited seed germination. However, short-term treatment by high concentrations of
chitosan hydrolysate stimulatedthe development of seedlings, leading to substantially
longerroots. Regular root application of high concentrations of chitosan hydrolysate
inhibited plant development.

chitosan hydrolysate, chitosan, plant growth regulators, plant germination

Currently, agriculture sector faces major challenges due to the global uncontrolled use
of pesticides and other agrochemicals. Despite significant progress in crop productivity,
this can have a negative impact on the environment. The regular use of agrochemicals
causes many adverse effects, including negative effects on non-target organisms, and

soil degradation.

To overcome such challenges, new approaches to agriculture are being sought.
Ways to reduce the use of synthetic compounds and introduce biodegradable agro-
chemicals based on biomaterials for efficient and safe use in agriculture are being
explored.Chitosan is a promising compound which may have prospects for application
in environmentally friendly agriculturesystems. Chitosan is a non-toxic, biocompatible
and biodegradable biopolymer derived from chitin. Chitosan have a wide range of
biological properties, such as antibacterial and antimycotic activities, film-forming ability
,2].
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Due to the prospects of its use in agriculturesector, the physiological effects of
chitosan are being actively studied. Chitosan causes serious physiological changes
in plants, affects the growth and differentiation of plant tissues, seed germination,
enhances the rate of photosynthesis, acts as a causative agent of the synthesis of

secondary plant metabolites [3].

A large number of studies describe chitosan as a polymer that promotes plant growth
and development, affecting on germination [4], root elongation [5], seedling elongation,

and increasing root activity [6].

The main reason which hinders the widespread use of chitin biopolymers, including
chitosan, is their poor solubility at neutral pH. A wide range of chitosan derivatives helps
to solve the problem of their solubility in water or weakly acidic aqueous solutions [7,8].

Another way to avoid this problem is the use productsofchitosan depolymerization.
A decrease in the molecular weight of chitosan promotes its better solubility in water,
increases its bioavailability, which affects its biological properties [9]. Earlier, it was
shown the fungicidal activity of chitosan hydrolysate [10]. The aim of this study is to

study the effect of chitosan hydrolysate on plant development.

21. Chitosanhydrolysate

Chitosanhydrolysate (CH), average molecular weight 33 kDa (Ip = 2.1), at a concentration
10 mg / ml, was obtained by hydrolysis of high molecular weight chitosan using nitric
acid. The pH was adjusted at 5.5 with NH,OH solution [10].

The effect of chitosan hydrolysate was compared with a solution (control solution -

CS) of HNO; and NH,OH respectively. Distilled water was used as a negative control.

2.2. Plants

Tomato seeds (Solanum lycopersicum L) varieties Cherry Rosovy and Viking were used
in experiments. The seeds were germinated in Petri dishes on moistened filter paper.
The seeds were sterilized by incubation in 70% ethanol (1 min.), 10% sodium hypochlorite

solution (3 min) then washed three times with sterile distilled water.
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TABLE 1: Experimental variants of the experiment to study the effect of chitosan hydrolysate on the
development of shoots in the first week of growth.

Active Seed soaking Concentration (pH 5,5)[dilution]
substance (initial duration
concentration)

CS: NH,OH constantly [1/2] [1/5] [1/50] [1/500] [1/5000]
(14mM) +
HNO,(200mM)

22 hours [1/2] [1/5] [1/5] [1/50] [1/500]
CH (10 mg/ml), constantly 5 mg/ml 2mg/ml 0,2mg/ml 0,02 mg/ml 0,002mg/ml
containing 14mM [1/2] [1/5] [1/50] [1/500] [1/5000]
NH,OH [] 200mM
HNO,

22 hours 5mg/ml 2mg/mi 0,2mg/ml  0,02mg/ml 0,002mg/ml

[1/2] [1/5] [1/50] [1/500] [1/5000]

H,O (control) constantly - - - - -

2.3. Study of chitosan hydrolysateeffecton seed germination and
seedlingdevelopment in the first week of growth

The effect of various concentrations CH and CS (Table 1) was checked by short-term
soaking (a) and constant incubation in a solution (b).

a) Tomato seeds were soaked in 15 ml plastic vials for 22 hours in 2 ml CH and CS
of various concentrations. 50 seeds were used in each test. After 22 hours, 10 seeds

were transferred to Petri dishes on filter paper soaked with 2 ml of distilled water.

b) Tomato seeds were placed on Petri dishes (10 seeds in 1 Petri dish) on filter paper
soaked with 2 ml of CH and CS in appropriate dilutions.50 seeds were used in each
test.

Germination conditions: 20-24 °C, 16-hour photoperiod.

Germination energy was measured on the 4th day from the beginning of the experi-
ment. The results were recorded on the 8th day. Seedling length and root length ware

measured.

2.4. Study of the tomato plants responseon regular root CH irriga-
tion in the first month of growth

Cherry tomato seeds were germinated for 4 days then the seedlings were replanted
into 250 cm3individual containers filled with soil. Starting from the 7th day from the
moment of germination, the plants were irrigated three times a week with CH solution
(at concentrations of 2 mg/ml, 0.2 mg/ml, 0.02 mg/ml), CS (in appropriate dilutions) and

distilled water as a control. Each variant was tested in 4 replicates. On the 25th day, the
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Figure 1: Comparison of the Cherry tomato seedlings average lengths on the 8th day of germination
depending on solutions concentration. Light green line - short-term soaked CH, dark green line - constant
incubation with CH, orange and yellow — CS constant incubation and short-term soaked respectively.
Author’s own work.
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Figure 2: Comparison of the Viking tomato seedlings average lengths on the 8th day of germination
depending on solutions concentration. Light blue - short-term soaked CH, blue line - constant incubation
with CH, red and pink — CS constant incubation and short-term soaked respectively. Author’s own work.

plants were removed from soil, roots were washed with running water. The maximum
plant length, maximum root length, plant weight, root weight, and number of true leaves

were measuredper plant.
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Figure 3: Short-term soaked variantsCH5 mg/ml (c,d) compared with the control (a,b).

Chitosan hydrolysate concentration 5 mg/ml completely inhibited seed germination.
Lower concentrations of chitosan hydrolysate did not affect the germination energy.
In all other variants, the germination energy index did not statistically differ from the
control.

Short-term soaking Cherry tomato seeds for 22 hours in a CH solution with a concen-
tration 5 mg/ml, followed by transferring the seeds to distilled water showed the greatest
average length of seedlings (Figure 1). Soaking tomato seeds in chitosan hydrolysatewith

a concentration 5 mg/ml, 0.2 mg/ml and the subsequent transfer of seeds to distilled
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Figure 4: Cherry tomatoplantsirrigated with a) 2 mg/mICH; b) 0.2 mg/mICH; c) 0.02 mg/mICH, and d)distilled
water as control -.

water allowed, on average, to increase the length of the roots by more than two times
(respectively 231%, 201%) compared to the control. The length of hypocotyls and roots
pre-soakedsamples in chitosan hydrolysate with concentrations 5 mg/ml, 2 mg/ml, and
0.2 mg/ml and transfer to distilled water was significantly higher than the length in all
controls.

The statistical analysis of experimental datafor the Viking tomato variety showed

similar results to Cherry tomato (Figure 2). The average length of seedling roots when
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soaked for 22 hours is also significantly longer than the control. Chitosan hydrolysate
at a concentration of 5 mg / ml completely inhibited seed germination under constant
exposure, and the transfer of seeds to distilled water in a case of short-term soak-
ingterms results an increase in root length by 178% (Figure3).

As a result of both experiments the effect of a CS (which contained nitric acid and
NH,OH) were observed but the maximum increase in root length were observed at CH

with the same content of nitric acid and NH,OH.

Regular root irrigation of a CH solution with a concentration 2 mg/ml significantly
inhibited growth of the root system and led to inhibition of plant growth in general. The
inhibitory effect of a CH solution with a concentration 0.2 mg/ml was less significant
(Figure 4). Lower concentration of chitosan hydrolysate, as well as control solutions, did
not show statistically significant effect on plant development

Based on the obtained results, it can be concluded that chitosan hydrolysatehasan-
physiologicalon plantgrowth. The constant presence of high concentrations of chitosan
hydrolysate slows down plant development. At the same time, a short-term treatment
has a stimulating effect. The differencebetweenlong-term and short-term exposure in
chitosan hydrolysatepaves the way for further research. It is necessary to study in detail

the effects of chitosan hydrolysate on plants at the physiological and molecularlevels.

This study was partially supported by Russian Foundation for Basic Research grant N
20-016-00205.
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