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Abstract

Novochizol™ (chitosan nanospheres) treatment of seeds of Spring Soft Wheat at
concentrations of 0.1% and 0.05% favorably impacted both germination and growth
processes. The effects on growth at the initial stages of organogenesis observed
with the two concentrations depended on the growth conditions. When seeds were
germinated and allowed to grow on filter paper in a germination chamber, the lower
concentration Novochizol™ treatment (0.05%) was most effective in accelerating sprout
appearance. In contrast, larger biomass accumulation and more uniform development
of growth parameters were observed after the higher concentration Novochizol
treatment (0.1%). The 0.1% Novochizol™ treatment had a significant stimulating effect
on germination in soil substrate, with a 27.1% increase in sprout appearance after
one day, and subsequent 100% germination. The 0.05% Novochizol™ treatment in the
same experiment led to a significant increase in both root biomass (1.5-fold increase)
and total seedling biomass (1.8-fold increase). Based on the results obtained in our
experiments, and given its physicochemical characteristics. Novochizol™ appears to be
a promising, practical candidate for pre-sowing seed treatment, leading to enhanced
germination and growth at the initial stages of organogenesis.

Keywords: Novochizol™: Chitosan * Soft spring wheats Seed infestation * Growth
processes

Introduction

Plant growth and development are adversely affected by different
stressors that are either biotic (pests, diseases, weeds) or abiotic (lack or
excess of moisture, low or high temperatures, salinity, heavy metals, other
toxic substances, etc.). The resulting loss in crop yield may be substantial.
Among the various approaches that have been developed to increase
plant resistance to different stressors, chemical agents play a preeminent
role. They can act as highly effective pesticides, fertilizers and growth
regulators. However, because they accumulate in the soil, water, and
inside living organisms, their widespread use in agriculture has an adverse
effect on the environment. There is growing pressure from the public to
reduce if not ban altogether chemical pesticides, as exemplified by the
popular initiative “For a Switzerland without artificial pesticides” that the
Swiss electorate shall be voting on June 13, 2021. Importantly, both the
proponents and the opponents of this initiative agree that the reduction in
the use of synthetic pesticides is unavoidable. More ecological solutions to
control the mechanisms that cause plant stress are thus desperately needed.

Chitin and its derivative chitosan are promising alternatives to chemical
agents [1-3]. Chitin is a long-chain, high molecular weight polysaccharide
composed of N-acetyl-D-glucosamine and D-glucosamine. It is the
main component of the exoskeleton of arthropods and the cell wall of
mushrooms. Chitosan is derived from chitin by deacetylation. Different
factors impact the effectiveness of chitosan-based treatments: molecular
weight, chemical modifications, pH, concentration, chelating potential,
and the type of microorganism that is targeted. The main limiting factor
in the use of chitosan is its poor solubility [4-10]. The use of chitosan
in various crops is actively studied in Russia and worldwide. Chitosan
biofilm formulations have been developed to treat seeds before sowing

and to treat fruit after harvest [11-14]. Low molecular weight chitosan
treatments have been shown to increase seed germination energy,
viability, biomass, and crop yield, and to help control alternariosis [15, 16].
Chitosan, complexed with a humic preparation, has been shown to inhibit
scabs, without affecting the development of phomose [17]. In grapevine,
chitosan elicits plant defense mechanisms and confers protection against
Botrytis cinerea and Plasmopara viticola when complexed with CuSO, [18].
It reduces the rate of development of viral diseases in vegetable crops,
and its effectiveness in controlling Colletotrichum sp. in cucumber is
comparable to that of chemical fungicides [19, 20]. Chitosan treatment
of wheat leaves results in an increase in lignin in the cell walls and the
levels of phenols and peroxidase, in a lower leaf susceptibility to obligate
phytopathogens, and in enhanced growth, leading to higher crop yields
[21-23]. Chitosan and chitosan-based nanoparticles are effective against
Fusarium graminearum, the causal agent of Fusarium head blight. Inin vitro
experiments, both mycelium growth and spore germination were inhibited,
with observable deformation and destruction of hyphae and a decrease in
the rate of infection of the treated ears. Treatment effectiveness was found
to depend on concentration and time of incubation [24]. Chitosan-based
formulations were also found to inhibit the development of root rot, caused
by Bipolaris sorokiniana [25]. Earlier, chitosan had been shown to increase
the yields of spring wheat, in the absence of any control of root rot [26].
Recently, chitosan was found to elicit the growth of Triticum aestivum
L. Chitosan oligosaccharide treatment of seeds or leaves resulted in the
development of plants of increased height, with larger ear size and an
increased length of the first internodes. The observed responses depended
on the tested varieties and irrigation conditions.

The objective of the current work was to study the effects of seed
treatment with the chitosan derivative Novochizol™ on the germination,
growth, and development of seedlings of Spring Soft Wheat.

Materials and Methods

Novochizol™ base, having a degree of deacetylation of 90% or above
and a molecular weight in the 500 kD range, was provided by NOVOCHIZOL
SA, Monthey, Switzerland (www.novochizol.ch). In contrast to chitosan,
which is a linear polymer, Novochizol™ has a globular, near-spherical
shape, owing to intramolecular cross-linking. Such a molecular design
confers to Novochizol™ several advantages over chitosan, both on its own
and as a carrier of active ingredients (Table 1).

Novochizol™ aqueous suspensions were obtained by dissolving
succinic acid (500 mg per 100 ml sterile water), gradually adding
Novochizol™ (1000 mg per 100 ml succinic acid solution) under sonication,
and sonicating the mixture for one hour, using model UZTA-0,4/22-0M
sonicator (U-sonic, www.u-sonic.com) at maximum power. Sterile water
was added to compensate for evaporation caused by prolonged sonication.
The solution was filter-sterilized using 0.45 pm apyrogenic acetate
cellulose filters (Minisart®, Sartorius Stedim Biotech Gottingen, Germany),
stored as a 1% stock at+4°C and used within one week. Dilutions were
performed immediately before seed treatments.

The effects of Novochizol™ solutions were studied under laboratory
conditions, in two sets of experiments, using size-calibrated seed of Spring
Soft Wheat, Novosibirskaya 31 variety. Each experiment included three
conditions: 1) water, untreated control; 2) high concentration Novochizol™
treatment (0.1%); 3) low concentration Novochizol™ treatment (0.05%).
After wetting each batch (10 liters per ton of seed), the seeds were stored
in closed plastic containers.

Experiment No 1 was designed to assess the growth-promoting
effects of Novochizol™ at the initial stages of organogenesis of wheat,
in a germination chamber. After a 24 hours treatment with either water
or Novochizol™ solutions, seeds were laid in Petri dishes, lined with two
layers of filter paper, and interspersed with cotton (4 Petri dishes, with 12
seeds per dish).

The Petri dishes were kept under natural light, at a temperature
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between 20°C and 22°C. Germination energy and germination capacity
were measured after 1 day and 3 days, and after 7 days, respectively.
Growth indicators at the initial stages of organogenesis were determined
after 3 days (length of roots of each seedling, total length of seedlings) and
after 7 days (number of roots per seedling, length of seedlings, total mass
of roots and shoots per seedling, and mass of each root).

Experiment No 2 was designed to assess the effects of Novochizol™
on the growth and development of seedlings of spring wheat in soil
substrate. Seeds were treated 6 days before sowing in leached chernozem
(4 duplicate sets of 12 pots, n=48, each containing 500 grams of soil),
covered with a single layer of gauze. The pots were kept under natural
light, at a temperature between 20°C and 22°C, under conditions of
controlled soil humidity. During the nighttime, the pots were covered with
plastic shields. Growth parameters were recorded during the first 7 days,
including germination energy, germination capacity, height, and biomass.
The seedlings were also monitored for symptoms of any lesion to the roots
or rootstocks. Experimental data were analyzed using Statistics 7.0 and
Excel 13 software programs.

Results and Discussion

A positive effect of Novochizol® on seedling development was
established in the treated seeds laid out on humid paper in Petri dishes
(Figure 1). Higher rates of sprout appearance were apparent within one
day of Novochizol™ treatment. The strongest effect was observed with the
low concentration solution (22.9% increase for 0.05% Novochizol; 14.6%
increase for 0.1% Novochizol, with a 70.8% baseline in the untreated
control). Considering the higher increase in the germination rate conferred
by the low concentration Novochizol treatment, it may be the preferred
modality in the seed treatment of spring wheat.

The rate of growth of seedlings was increased by Novochizol™
treatment at both concentrations is shown in Table 2.

After 3 days, the total length of roots was 10.9% and 30.9% higher
for 0.1% Novochizol™ and 0.05% Novochizol™, respectively. At the same
time, the increase in root length was more uniform in plants treated with
0.1% Novochizol™ (coefficient of uniformity=81%) than in those treated
with 0.05% Novochizol™ (78.2%) or in the control (68.9%). The same trend
was observed when measuring the height of the seedlings. The increase
after 0.05% Novochizol™ treatment (46.2% higher than the control=1.84
cm) was more significant than after 0.1% Novochizol™ treatment (24.4%
higher than the control). However, the coefficient of uniformity was
superior after 0.1% Novochizol™ treatment (75.4%, compared to 72.8% for
0.05% Novochizol™ and 61,7% in the control).

Based on measurements made 7 days after the beginning of the
experiment, the low concentration Novochizol™ treatment was more
effective in enhancing root formation (0.05% Novochizol™: 9.5% increase;
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Novochizol™ 0.1%: 6.1% increase) and overall seedling length (7.7%
increase). In contrast, the highest increase in biomass was observed
following treatment with the more concentrated Novochizol™ solution both
for roots (Novochizol™ 0.1%: 17.1% increase; Novochizol™ 0,05%: 14.6%
increase) and for the entire seedling (Novochizol™ 0.1%: 12.9% increase;
Novochizol™ 0.05%: 8.7% increase).

The growth-stimulating effects of Novochizol™ on spring soft wheat
were confirmed in seedlings sown and grown in soil substrate (Table
3). A higher rate of sprout appearance was observed after 24 hours for
seeds treated with Novochizol™, especially at the higher concentration
(Novochizol™ 0.1%: 27.1% increase; Novochizol™ 0.05%: 23% increase).
Complete germination (100%) was achieved when the high concentration
Novochizol™ solution was used.

Growth processes were favorably affected by Novochizol™ at both
concentrations. In the first 7 days after setting grains on the soil substrate,
the growth of seedlings from seeds treated with 0.1% concentration of
Novochizol™ was significantly increased (Figure 2).

The high initial rate of growth stimulation resulting from 0.1%
Novochizol™ treatment (56.3% after 2 days) was reduced 3-fold after 3
days (for Novochizol™, 0.05%, by 11.6 fold), and by 2.3 fold, after 7 days.
The increase in biomass after 7 days (compared to the control, 16.63 mg)
was higher in both the 0.1% Novochizol™-treated group (14% higher for
total biomass and 23.8% for roots) and the 0.05% Novochizol™-treated
group (25.7% higher for total biomass and 35.1% for roots). The 0.05%
Novochizol™ treatment led to a 1.3-fold increase in total biomass and in
root biomass.

Novochizol, 0.1%  —

Novochizol, 0.05%

No treatment

e

60

20

[7] Radicle emergence, after 24 h, % Ky Germination energy, after 3 days, %

B Absence of radicle, after 24 1, % Germination capacity, after 7 days, %

Figure 1. Effects of Novochizol™ on germination of spring wheat in Petri dishes.

Table 1. Characteristics of Novochizol™ of importance in plant treatment, in comparison with chitosan.

Characteristic Chitosan Novochizol™

Solubility (pH < 6) Yes Yes

Solubility (pH > 6) No Yes (dispersion)

Viscosity High Low

Biodegradability Fast Slow

Chemical stability Low High

Frost resistance No Yes

Physical states Modifiable only through chemical reactions with other | Modifiable by changing the degree of intramolecular
y compounds. cross-linking.

Table 2. Effects of Novochizol™ on seedling development in Petri dishes.

Growth duration Growth indicators Control Novochizol 0.1% Novochizol 0.05%

Number of roots per seedling 29 3.0 3.0

3 days Root length per seedling, cm 7.79+0.27 8.64+0.46 10.200.94

Length of individual root, cm 2.6010.12 2.8610.08 3.440.11

Length of shoot, cm 1.8410.09 2.29+0.03 2.69+0.30
Number of roots per seedling 4.1 4.68 4.83

Length of shoot, cm 10.05+0.75 10.110.69 11.2740.26

7 days air-dried biomass of roots, per seedling, mg 8.20+0.07 9.60+0.56 9.40+0.20

air-dried biomass of 1 root, mg 1.86+0.02 2.0610.15 1.95+0.08

air-dried biomass of 1 seedling, mg 15.1340.13 17.25+0.19 16.45+0.41
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Table 3. Effects of Novochizol™ on seedling development at the initial stages of organogenesis of Spring Wheat in leached chernozem soil substrate.

Indicators Experimental groups
Control Novochizol 0.1% Novochizol 0.05%

After 1 day Sprout appearance 70.8 97.9 93.8

Germination energy, % After 2 days Normally germinated 95.9 93.8 100

After 3 days seedlings % 97.9 100 83.4

Germination, % After 7 days 93.8 100 834
After 2 days 0.71£0.05 1.11+0.05 0.8540.03
Length of normally developed shoot, cm After 3 days 2.8740.13 3.404£0.13 2.9240.06
After 7 days 18.9540.30 20.48+0.24 19.310.28
air-dried biomass. m Total seedling 16.6540.32 18.9540.41 20.90+0.37
M9 Roots, per seedling 6.93+0.14 8.53+0.23 9.3340.22

56.3
18.5 19.7
8.1
1.7 1.9

Novochizol, 0.1

B8 After 2 days

= After 3 days

Novochizol, 0.05%

After 7 days

Figure 2. Growth increase (% increase over control) of aerial parts of Spring Wheat seedlings at the initial stages of organogenesis after Novochizol™

treatment of seeds.

Conclusion

Novochizol™ treatment of seeds of Spring Soft Wheat at concentrations
of 0.1% and 0.05% favorably impacted both germination and growth
processes. The effects on growth at the initial stages of organogenesis
observed with the two concentrations depended on the growth conditions.
When seeds were germinated and allowed to grow on filter paper in a
germination chamber, the lower concentration Novochizol™ treatment
(0.05%) was most effective in accelerating sprout appearance. At the
same time, larger biomass accumulation and more uniform development
of growth parameters were observed after the higher concentration
Novochizol™ treatment (0.1%).

The 0.1% Novochizol™ treatment had a significant stimulating effect on
germination in soil substrate, with a 27.1% increase in sprout appearance
after one day, and subsequent 100% germination. At the same time, the
0.05% Novochizol™ treatment in the same experiment led to a 1.3-fold
increase in both root biomass and total seedling biomass.

While chitosan is known to exert antifungal and growth elicitor
effects upon seed treatment in different plants, it suffers from practical
limitations: poor solubility, high viscosity, and rapid degradability.
Novochizol™ overcomes these limitations. Because it can also be used in
a variety of co-formulations (V.V.F, personal communication), and based
on the results obtained in our experiments, Novochizol™ appears to be a
promising candidate for pre-sowing seed treatment, leading to enhanced
germination and growth at the initial stages of organogenesis. This section
is not mandatory but can be added to the manuscript if the discussion is
unusually long or complex.
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