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Abstract—We have studied the possibility of the creation of a highly effective universal stimulating prepara-
tion for presowing treatment of seeds of various grain crops on the basis of a sorption-stimulating preparation
(SSP), consisting of calcium bentonite (CB), humate (H), brewery yeast autolysate (BYA), and gibberellin
(Gibb). The use of some nonionic surfactants as the preparation components results in the disintegration of
bentonite aggregates into individual montmorillonite particles and in an increase in the active surface of the
sorption complex. This enables a 1.5-time rise in the SSP efficiency by increasing the gibberellin concentra-
tion. As a result, we have obtained a five-component substance (SSP-5), including CB, H, BYA, Gibb, and
PEG. Its efficiency for spring wheat of the cultivar Liza on soddy-podzolic soil is 56%. The introduction of
other biologically active substances into the preparation in order to compensate their possible lack in seeds
shows that they stimulate some seeds, but the general effect on other ones is reduced. It may be assumed that
the creation of a universal preparation, which would be highly effective for seeds of all crops, is not possible.
Gibberellin stimulates seed development much more often than other phytohormones, so we tested the SSP-5
effect on seeds of different crops and cultivars. It is revealed that this preparation is effective for seed stimu-
lation in most cases, but its efficiency significantly varies.
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INTRODUCTION

Stimulating presowing treatment of seeds is well
known, and various preparations are recommended
forit [6, 12, 14, 15]. It is supposed that the small effect
and nonreproducibility of seeds when using biologi-
cally active substances (BAS) are related to the
depressing effect of soil allelotoxins [1, 3—5, 7—10, 13,
20—27]. The protection of seeds from the inhibitory
effect of allelotoxins by sorption preparations based on
calcium bentonite (CB) and humate (H) results in a
significant increase in the use of some preparations
containing stimulating substances: plant growth hor-
mones, substrates of respiratory metabolism, and
broad-spectrum stimulants [17, 20].

Calcium bentonite and humate in the preparation
form a bentonite—humate complex, which fixes soil
allelotoxins and reduces their input to seeds. Brewery
yeast autolysate (BYA) prevents the fixation of stimu-
lating BAS of soil on the sorption bentonite—humate
complex. It has been shown that the presence of these
substances and the individual application of various
stimulating components (plant growth hormones,
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substrates of respiratory metabolism, and broad-spec-
trum stimulants) into the preparation significantly
increase the stimulating effect of most BAS at the ini-
tial stage of plant development from seeds. A signifi-
cant stimulating effect (from 20 to 36%) is seen, when
such sorption-stimulating preparations (SSP) are
applied [17, 20]. In particular, it has been found that
the introduction of a nonionic surfactant—Polysor-
bate-20—into SSP accelerates the development of
plants at early stages [20].

However, it should be pointed out that the prepara-
tions have been tested for small number of cultivars of
spring wheat on soddy-podzolic soil. This does not
enable us to conclude that they will stimulate the
development of seeds of all cultivars of grain crops.

The aim of this work is to evaluate the possibilities
of creating a highly effective universal stimulating
preparation to accelerate the germination of seeds of
various grain crops after their presowing treatment and
the development of plants from them.
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Table 1. The stimulation effect of the preparation composition used for presowing treatment of spring wheat seeds on the
development of seedlings

Series The composition of the stimulating preparation and the concentration of components Effect, %
1 CB (40 g/L), H (10 g/L), BYA (12 g/L) + P-20 (120 mg/L) +17 £2
CB (40 g/L), H (10 g/L), BYA (12 g/L) + Gibb (100 mg/L) +23+3

CB (40g/L), T (10 g/L), BYA (12 g/L) + Gibb (100 mg/L) + P-20 (120 mg/L) +31+4

CB (40 g/L), H (10 g/L), BYA (12 g/L) + Gibb (100 mg/L) + P-60 (120 mg/L) +11 £2

CB (40 g/L), H (10 g/L), BYA (12 g/L) + Gibb (100 mg/L) + P-80 (120 mg/L) +20 3

2 CB (40 g/L), H (10 g/L), BYA (12 g/L) + Gibb (100 mg/L) + PEG-400 (120 mg/L) +32+4
CB (40 g/L), H (10 g/L), BYA (12 g/L) + Gibb (100 mg/L) + PEG-1000 (120 mg/L) +32+4

CB (40 g/L), H (10 g/L), BYA (12 g/L) + Gibb (100 mg/L) + PEG-4000 (120 mg/L) +32 14

CB (40 g/L), H (10 g/L), BYA (12 g/L) + Gibb (100 mg/L) + PEG-20 000 (120 mg/L) +32+4

3 CB (40 g/L), H (10 g/L), BYA (12 g/L) + Gibb (100 mg/L) + PEG-400 (200 mg/L) +34+4
CB (40 g/L), H (10 g/L), BYA (12 g/L) + Gibb (100 mg/L) + PEG-400 (300 mg/L) +36+4

MATERIALS AND METHODS

We studied seeds of grain crops recognized for the
Nonchernozemic Zone: spring wheat (7riticum) of the
varieties Liza, Zlata, Ester, Agata, and Lyubava; spring bar-
ley (Hordeum) of the varieties Zlatoyar, EI'f, Yaromir,
Moskovskii-86, and Vladimir; winter rye (Secale) of the
varieties Tat’yana, Moskovskaya-12, and Moskovskaya-15;
and winter wheat ( 7riticum) of the varieties Moskovskaya-
56 and Nemchinovskaya-17.

The seeds were germinated on agro-soddy deep-
podzolic light-loamy soil formed on fluvioglacial
(ancient lacustrine) sediments underlain by carbon-
ateless loess-like (mantle) loam (floodplain of the
Yakhroma River, Moscow oblast) from a depth of
92 cm. After the sampling, soil was stored under con-
ditions that provided the preservation of its moisture
[16].

Potassium humate made of brown coal (Agrotekh-
nologii Scientific—Innovative Center, Russia) and
calcium bentonite (OST 18-49-71, Russia) were used
to protect seeds from soil allelotoxins. Five biologi-
cally active substances added to the sorption prepara-
tions included: 12 g/L of brewery yeast autolysate
(Biotekh Plus, Russia); 100—400 mg/L of gibberellin
(Gibb) (China), 6-benzylaminopurine (6-BAP);
brassinolide (Brass), containing 0.1% of brassinos-
teroids; and paraaminobenzoic (PABA) and 3-indoly-
lacetic (3-IAA) acids as broad-spectrum stimulants.
Polysorbates (P-20, P-60, and P-80) of the concentra-
tion 120 mg/L and polyethylene glycol (PEG)
(Merck) with the molecular weight of 400, 1000, 4000,
and 20000 at the concentration of 120—300 mg/L were
used as nonionic surfactants. The treatment was per-
formed by a semi-dry method at the rate of 40 L of the
solution per one ton of seeds. We also studied the
change in the integral length of seedlings of 7.5 g of
seeds (~200 seeds) to increase the reproducibility of
the obtained data. This parameter was determined by
the express method based on the linear correlation
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between the bulk volume of germinated seeds in water
and the length of their seedlings [18].

The experiments were performed in six replications,
and the results were then statistically processed. Since we
used 1000—1200 seeds in one experiment, the error
related to their different quality was minimized to 7%.

Electronic-microscopic studies were performed
with the use of a JEOL-6060A six-raster electronic
microscope (JEOL, Japan) to determine the distribu-
tion pattern of bentonite particles on the surface of
seeds during their treatment by the preparation.

RESULTS AND DISCUSSION

Stimulating preparations are mainly used to accel-
erate seed germination and plant development at the
initial stages. Therefore, the efficiency of this process
is the key point. First, we have tried to enhance the
effect of SSP. As it is pointed out above, the introduc-
tion of Polysorbate-20 into the sorption-stimulating
preparation increases its efficiency. We have studied
the effect of other nonionic surfactants (P-60, P-80,
and PEG) introduced into SSP instead of Polysor-
bate-20.

Table 1 (series 1 and 2) clearly shows that not all
nonionic surfactants increase the efficiency of SSP.
Among the three studied substances, only the stimulat-
ing effect of polyethylene glycol is similar to that of
Polysorbate-20. Its molecular weight does not affect the
stimulation efficiency (series 2), while an increase in its
concentration in the preparation solution to 300 mg/L
(series 3) results in a greater effect, which is not the
case for Polysorbate-20 [20].

The next stage is related to the study of the surface of
seeds treated by SSP with and without Polysorbate-20.
In the absence of Polysorbate-20, bentonite is located
on the surface of grains in the form of aggregates of
montmorillonite particles of about 10 um microns in
size (Fig. 1a). When Polysorbate-20 is applied, the
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Aggregates
of particles

Fig. 1. The morphology of grain surface of the wheat variety Liza processed by sorption-stimulating preparation without (a) and

with (b) Polysorbate-20.

aggregates practically disappear, because they are dis-
integrated into individual particles and evenly cover
the grains (Fig. 1b). The decomposition of aggregates
of montmorillonite particles results in the creation of
a denser protective sorption layer, which more strongly
prevents the penetration of allelotoxins into seeds.
Thus, the introduction of nonionic surfactants into
the preparation causes a decrease in the size of ben-
tonite particles and improves the protection of the
seed surface from penetration of allelotoxins from soil.

It should be taken into account that the decompo-
sition of montmorillonite aggregates into individual
particles may increase their active surface and hence
the sorption capacity. As a result, a greater amount of
gibberellin in SSP will be fixed on montmorillonite,
and its concentration in the preparation suspension
may become not optimal for seeds. We have studied the
effect of increasing concentration of gibberellin in the
preparation, containing bentonite (40 g/L), humate
(10g/L), BYA (12 g/L), and PEG (300 mg/L).

The data obtained (Fig. 2) confirm our assump-
tion: the optimal concentration of gibberellin in the
preparation increases from 100 to 300 mg/ L and
causes a rise in the stimulation effect on seeds of spring
wheat of the cultivar Liza from 36 to 56%. This highly
effective preparation contains bentonite (40 g/L),
humate (10 g/L), BYA (12 g/L), PEG (300 mg/L),
and gibberellin (300 mg/L), and we term it SSP-5
(five-component sorption-stimulating preparation).

The possibility to use SSP for the treatment of dif-
ferent varieties and crops is also important. The pros-
pects of creation of such preparation may be evaluated
by a variety (crop), the germination of seeds and the
initial development stage of which are not stimulated
by SSP-5. It is very efficient for the processing seeds of
spring wheat of the variety Liza. However the data
obtained clearly show that SSP-5 more slightly stimu-
lates seeds of the varieties Lyubava and Zlata and prac-
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tically does not stimulate seeds of the variety Agata
(Table 2).

According to the theory of the limiting factor, seeds
may only be stimulated by a substance necessary for
their development, the concentration of which is not
optimal in them. This is the case, if such substance
cannot enter seeds from the soil in which they are
sown. It is reasonable to assume that the content of
BAS, which are necessary for seed germination and
seedling development, differs in seeds of various crops
and varieties (and probably grown under different con-
ditions). In this regard, seeds of the cultivar, which is
not stimulated by the described preparation, should
have other limiting substances. If they are revealed,
their deficit may be eliminated by their addition to the
preparation.
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Fig. 2. The effect of increasing content of gibberellin in
sorption-stimulating preparation, containing CB (40 g/L),
H (10 g/L), BYA (12 g/L), and PEG-400 (300 mg/L), on
the stimulation of spring wheat of the variety Liza at the
early stage of development from seeds.
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Table 2. Stimulation of the development of plants of spring wheat of different varieties from seeds at the early stages after

their pre-sowing treatment by various SSP

Increase in the total length of seedlings, %
Spring wheat CB (40g/L), H (10g/L), BYA (12g/L), Gibb (0.3 g/L
ine CB (40 g/L). H (10 g/L), BYA (12 g/L), (40g/L). H (10g/L), BYA (12¢/L), Gibb (0.3g/L),
y . PEG-400 (0.3 g/L), 3-1AA (22 mg/L),
Gibb (0.3 g/L), PEG-400 (0.3 g/L) (SSP-5) 6-BAP (9.5 mg/L) (SSP-7)
Liza 565 32+3
Lyubava 32+3 5+£2
Zlata 33+4 19+3
Agata 4+2 34 +4

Brewery yeast autolysate, which is a component of
the stimulating preparation, contains vitamins, amino
acids, trace elements, etc. [2, 19]. Therefore the lack of
these substances in seeds cannot limit the develop-
ment of plants at the early stages. Hence, a special
attention should be paid to plant growth hormones.
It can be assumed that a preparation with balanced
composition of plant hormones [11] will be effective
for a larger number of crops and varieties.

Taking into account the above consideration, we
have chosen seeds of the variety Agata of spring wheat
for the development of an SSP with balanced plant
hormones.

We have studied the effect of 6-benzylaminopu-
rine, brassinolide, and paraaminobenzoic acid added
to SSP-5, but all their tested concentrations do not
exert a favorable impact on the variety Agata, though
they are effective for the variety Liza. The application
of 3-indolylacetic acid is also not very effective for the
variety Liza, but its addition to SSP-5 applied on the
variety Agata results in a significant increase in its
stimulation (Fig. 3).
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The content of IAC in preparation solution, mg/L

Fig. 3. The effect of IAA added to SSP-5 on the stimula-
tion of seeds of spring wheat of the variety Agata at the
early development stage.
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Concentrations of growth hormones in plants are
balanced [11], and the disturbance of their ratio
should result in slowing down plant development.
Therefore, it is necessary to check the effect of brass-
inolide and 6-BAP added to the SSP with IAA on the
stimulation of wheat seeds of the variety Agata. The
addition of brassinolide does not cause an increase in
the stimulation, and the introduction of 6-BAP into
the SSP with IAA results in a slight increase in the
effect (Fig. 4).

The data obtained show that the effect on seeds
may not only be increased at the 6-BAP concentration
of about 10 mg/L, but also become sharply slighter,
when the IAA concentration is beyond the optimal
range. The important role of a balance between hor-
mones is confirmed once again. In this connection,
the combined effect of 6-BAP and IAA added to SSP-5
has been studied more comprehensively (Table 3).

The stimulating effect (31—34%) on spring wheat
of'the variety Agata is maximal, when 9.0—9.5 mg/L of
6-BAP and 22 mg/L of 3-1AA are added to SSP-5.
Therefore, it is necessary to analyze this particular
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Fig. 4. The effect of the addition of 6-BAP to SSP-5 with
IAA (22 mg/L) on the stimulation of spring wheat of the
variety Agata at the early stage of development from seeds.
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Table 3. The effect of 3-IAA and 6-BAP added to SSP-5 on
the stimulation of spring wheat of the variety Agata at an
early stage of the development from seeds

The content The content The stimulation
of 6-BAP inthe | of 3-IAA in the

preparation, mg/L|preparation, mg/L value
11.0 25.0 02

11.0 23.0 102

9.0 23.0 14£2

11.0 21.0 02

9.0 21.0 14+2

10.0 21.0 18 £3

9.0 22.0 31+4

9.5 22.0 34+ 4

10.0 22.0 18 £3

10.0 20.0 163

composition of SSP as a stimulating preparation for
the treatment of seeds of various grain crops. The first
experiments on seeds of spring wheat (Table 2) have
shown that the introduction of even small amounts of
phytohormones (auxins and cytokinins) into the
developed SSP results in a sharp decrease in the stim-
ulating effect on seeds of spring wheat of the varieties
Liza, Lyubava, and Zlata. It may be concluded that it
is impossible to create a universal preparation to stim-
ulate the development of seeds of any variety of grain
crops. This is related to the fact that the content of
phytohormones in seeds must be balanced, but may
differ in various crops. The composition, which stim-
ulates some varieties, does not exert a significant effect
(at best) on others.

Gibberellin stimulates the development of seeds
much more often than other phytohormones, so we
have tested the composition of SSP, containing only
gibberellin (SSP-5), which is the most effective for
spring wheat of the variety Liza, on different cereal
crops. The experiments have shown that the prepara-
tion of this composition remains effective in most
cases, when used on soddy-podzolic soil, but the rate
of the effect significantly varies (Table 4). For exam-
ple, the stimulation is the highest for spring wheat of
the varieties Liza (56%), Lyubava (32%), and Zlata
(33%), as well as for spring barley of the varieties
Moskovskii 86 (31%) and Vladimir (28%). At the same
time, the stimulation of spring wheat of the varieties
Agata and Ester is practically absent (4 and 3%,
respectively), and spring barley of the variety EI'f is
slightly inhibited (—4%).

The data obtained testify to the need for laboratory
experiments on seeds selected for sowing in order to
test the efficiency of stimulants prior to their use in ter-
rain conditions.
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Table 4. The effect of presowing treatment of seeds of differ-
ent crops and varieties by SSP-5 based on gibberellin on the
germination stimulation and on the initial stage of plant
development

Crop Variety Stimulation, %
Spring wheat | Liza 565
Lyubava 32+3
Zlata 33+4
Agata 4+2
Ester 3+2
Spring barley | Zlatoyar 172
Elrf —4+2
Yaromir 253
Moskovskii-86 31+4
Vladimir 28+ 3
Winter wheat | Moskovskaya-56 21 £2
Nemchinovskaya-17 24+ 3
Winter rye Moskovskaya-15 11x£2
Moskovskaya-12 15+2
Tat’yana 152
CONCLUSIONS

Nonionic surfactants introduced into the sorption-
stimulating preparation cause a rise in the active sur-
face of montmorillonite particles and thus increase by
36—56% the preparation effect on seeds of spring
wheat of the variety Liza processed and sown in
soddy-podzolic soil.

Our experiments show that the need in a balance of
the content of phytohormones in seeds is one of the
main restrictions to create a universal stimulating
preparation, which may be effectively used for various
grain crops.

The elaborated sorption-stimulating preparation,
including calcium bentonite, humate, BYA, gibberel-
lins, and polyethylene glycol, preserves its efficiency
when used for most grain crops.
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