SCIENTIFIC HORIZONS

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 25(9), 53-63

UDC 633.11:631.53027:631.811.98:631.985:631.147
DOI: 10.48077/scihor.25(9).2022.53-63

Effectiveness of Different Groups of Preparations
for Pre-Sowing Treatment of Winter Wheat Seeds

Halyna Slobodianyk’, lvan Zhilyak, lvan Mostovyak, Serhii Shchetyna, Oleksandr Zabolotnyi

Uman National University of Horticulture
20305, 1 Instytutska Str., Uman, Ukraine

Article’s History: Abstract. The first stage of modernizing cultivation of the main grain crops
Received: 09/12/2022 lies in the exogenous use of natural growth regulators and nanofertilisers
Revised: 10/22/2022 for pre-sowing seed treatment. Special attention is paid to the quality of
Accepted: 11/06/2022 winter wheat seed material, given the high probability of seed germination

in stressful climatic conditions and the need to form winter-hardy crops.
Suggested Citation: Therewith, this study is relevant because modern requirements for agronomic
Slobodianyk, H., Zhilyak, I., biofortification of plant products make provision for the introduction of
Mostovyak, I., Shchetyna, S., environmentally safe, effective, and cost-effective measures in the cultivation
& Zabolotnyi, O (2022). Effec- of agricultural crops. The use of preparations based on fulvic acids and
tiveness of different groups growth regulators is an effective way to regulate the morphogenesis and
of preparations for pre-sowing productivity of winter wheat. The purpose of this paper was to investigate
treatment of winter wheat the effect of pre-sowing treatment of winter wheat seeds with such
seeds. Scientific Horizons, 25(9), preparations as Fulvohumin (chelated fertiliser), 1-naphthyl-acetic acid (auxin)
53-63. and succinic acid (biogenic growth stimulator, adaptogen) on germination

and biometric parameters of seedlings. The study involved the use of laboratory
and statistical methods. It was found that pre-sowing soaking in 1% Fulvohumin
solution increased the energy of seed germination, seedlings contained a
large proportion of dry matter, compared to seed treatment with 0.025%
succinic acid solution or 1-naphthyl-acetic acid. In terms of germination
energy and raw root mass of 7-day shoots, a combination of Fulvohumin
and 1-naphthyl-acetic acid was effective. The largest total length and crude
weight of 7-day seedlings were after joint seed treatment with Fulvohumin
and succinic acid. According to the totality of seedling formation data,
complex pre-sowing treatment of winter wheat seeds with Fulvohumin
is recommended together with succinic acid and 1-naphthyl-acetic acid.
Treatment exclusively with 1-naphthyl-acetic acid was ineffective. These studies
are promising for programming field seed germination and mathematical
modelling of winter crop growth at the initial stages of ontogenesis in the
field

Keywords: Fulvohumin, succinic acid, 1-naphthyl-acetic acid, seed germination,
wheat seedlings

Copyright © The Author(s). This is an open access article distributed under the terms of the
~ Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

*Corresponding author



54

Effectiveness of Different Groups of Preparations for Pre-Sowing Treatment of Winter Wheat Seeds

INTRODUCTION

The productivity of field crops, including winter wheat,
is dictated by a complex of agrobiological conditions,
namely the optimal state of crops. A prerequisite for the
formation of high-quality seedlings is the high biological
value of seeds, their rapid and uniform germination.The
sowing qualities of seeds determine the resistance of
seedlings to adverse factors, the intensity of plant de-
velopment and crop formation. Therefore, pre-sowing
laboratory testing of seed material is an essential con-
cept of agricultural technologies for strategically im-
portant agricultural crops. Only certified seed material
is used for the cultivation of wheat. Batches of this ma-
terial are diagnosed for germination energy, laboratory
germination, purity, and sowing suitability. Industrial
processing to produce high-quality commercial seeds
involves the removal of chemical germination inhibi-
tors, which is necessary to increase germination, obtain
uniform seedlings,and achieve a prominentyield poten-
tial. Seeds of the main agricultural crops undergo sev-
eral stages of pre-sowing treatment (Ignatz et al., 2019).
Conventional methods of increasing the germination
rate of wheat seeds mainly involve chemical treatment,
which can be environmentally dangerous. Therefore,
new methods of physical influence on seed germination
are being investigated. For instance, the study (Wang
et al., 2022) notes that water activated by plasma in
experiments with wheat improved germination.

Presently, the most common means of modifying
pre-sowing seed treatment are growth stimulators with
microfertilisers. Their segment is becoming increasingly
important in the ecological context of less use of pesti-
cides and aggressive agrochemicals in agriculture.Modern
aspects of implementing phytostimulants are focused
on achieving commercial product quality standards and
improving plant viability. Their practical significance lies
in the formation of sustainable agricultural systems that
are resistant to biotic and abiotic stresses, especially in
the context of climate change (Kisvarga et al., 2022).

It is important to replenish the content of nu-
trients to support the stability of the grain crop, and
therefore fulvic acids and microfertilisers include tech-
nologies for their cultivation (Pashchak et al., 2021).
Fulvic acids are essential for converting mineral com-
pounds into organic ones that will be absorbed by
plants (Kumar & Aloke, 2020). Kumar et al. (2020) found
that the content of available nitrogen, potassium, and
phosphorus increases after the application of fulvic
fertilisers. Fulvic acids reduce the pesticide load and
are effective when growing in contaminated industrial
areas (Braziene et al., 2021; Ali et al., 2018). These acids
also reduce plant uptake of toxic chlorine and cadmium
compounds (Yildirim et al., 2021).

To date, the problem of resistance of seeds at the
germination stage to pesticide stress has been under-
studied (Kalytka et al., 2016). For ecological management
of agriculture, the advantages of using phytohormones to
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intensify plant growth are determined. The role of auxins
in inducing root system cell division has been established.
Treatment of wheat seeds with indole-3-acetic acid stimu-
lated the growth of the flag leaf, namely its dry weight and
area (Aldesuquy, 2011). But a high dose of indolyl-3-acetic
acid (50 mg/kg) weakened plant growth. Patented mix-
tures for pre-sowing seed treatment traditionally include
auxins, namely 1-Naphthaleneacetic acid (NAA).

In the state of physiological maturity, seeds are
described by low metabolic activity, so to fulfil the pro-
ductivity potential, it is recommended to treat the seed
material with anti-stress growth regulators. In this as-
pect, succinic acid is considered as an environmentally
safe growth regulator. According to Kots et al. (2012), in
the initial stages of development, seedlings from seeds
treated with succinic acid have increased resistance to
osmotic shock, high temperature, and pathogens (Kots
et al., 2012). In general, the stimulating effect of suc-
cinic acid on the intensity of respiration of germinating
seeds is noted, as well as the mobilization of organic
substances and an increase in winter hardiness of plants.

There is no doubt that the use of growth regu-
lators of various mechanisms of action with trace ele-
ments for pre-sowing seed treatment is a principal factor
in increasing the adaptive capabilities of plants at the
initial stages of growth and the formation of their high
productivity in general. Activation of growth processes
and optimization of seedling nutrition is the main man-
agement strategy for efficient cultivation of agricultural
crops in various soil and climatic conditions. The purpose
of this study was to select effective combinations of
preparations for pre-sowing treatment of winter wheat
seeds and significantly increase the intensity of seedling
formation.

MATERIALS AND METHODS

The experiment used winter wheat of the Lazurna variety,
seeds of the first reproduction, the originator - the In-
stitute of Plant Physiology and Genetics of the National
Academy of Sciences of Ukraine. The influence of growth
regulators on seed germination energy and morpho-bio-
metric parameters at the shoot level was investigated in
the laboratory of the Department of Plant Protection and
Quarantine of the Uman National University of horticul-
ture in 2020-2021. The effectiveness of pre-sowing treat-
ment of winter wheat seeds was evaluated after soaking
in such test substances as succinic acid (0.025% solution),
1-Naphthaleneacetic acid (NAA, 25 mg/l) and Fulvohumin
(1% solution) and their combinations: Fulvohumin+NAA,
Fulvohumin+succinic acid; succinic acid+NAA, Fulvo-
humin+succinic acid+NAA at the rate of 10 litres of spray
material per 1000 kg of seed material.Acomparison option
is pre-sowing treatment with water without preparations.

Such indicators as germination energy, total length
of shoots, length of roots and aboveground seedlings, raw
and dry mass of seedlings were evaluated. Germination




energy was found as a percentage of the total number
of seeds taken for germination, as an average of six rep-
etitions of each variant. Sprouted seeds include seeds
that have a normally developed sprout and a primary
root that is not shorter than the length of the seed. In an
undergerminated seed, the root is underdeveloped, or it
is not present, as well as the shoot. To find this indicator,
100 seeds were selected from the treated seed fraction
and sprouted in Petri dishes between filter paper. Petri
dishes were placed in thermostats, where the tempera-
ture was supported at 20°C, humidity - 90%. Seed ger-
mination was observed daily for seven days. After three
days of germination, the germination energy was found,
and after seven days - biometric parameters of sprouts
(the length of roots, the length of the aboveground
shoot, and the total length of seedlings were measured
with a measuring ruler). Using OHAUS Pioneer analytical
balances, 100 pieces of the seedling parts under study
were weighed with an accuracy of 0.0000 g to find their
raw mass. In the root and aboveground (shoots) parts of
seedlings, the dry matter content was found according
to the thermograviometric method (Hrytsaenko et al.,
2003). The attachments of plant samples were weighed
(per 100 pcs of roots or shoots) before and after drying
(at 100-105°C). Percentage of dry matter content (DMC)
was calculated according to Equation 1:

DMC(%)=Mrawx100/Mdry (1)
where M is the sample weight, g.

The authors of this study used the State Stan-
dard of Ukraine 4138-2002 “Seeds of agricultural crops.
Methods of determining quality” and the recommenda-
tions of the International Seed Testing Association (ISTA)
to follow the methodology for determining the sowing
qualities of winter wheat and biometric parameters of
seedlings (Seeds of agricultural crops, 2003; Interna-
tional Seed Testing Association, 2011; Kalenska, 2011).

Statistical processing was performed according
to the variance method (Ushkarenko, 2013). Correlation
analysis and graphical representation of results - using
Microsoft Office Excel 7.0 and Statistica 10.0 software.
Theresults were calculated atasignificance level of 0.05.

Research objects. Fulvohumin is a solution con-
taining fulvic acids and their salts with trace elements.
It is used for pre-sowing seed treatment, stimulating
plant growth and development, correcting micronutrient
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deficiencies, strengthening plant immunity and increas-
ing yield. Content of active substances: N - 0.1-3.0%,
P,0, - 0.1-2.5%,K,0 - 0.1-4.0%,C__ - 16.0-18.0%, car-
bon of humic acids (C, ) - 0.1-4.0%, carbon of fulvic ac-
ids (C,) - 12.0-15.0%, organic matter - 40.0-90.0% (List
of pesticides and agrochemicals..., 2020).

Succinic acid (C,H,0,) (SA) - (butanedioic acid,
ethane-1,2-dicarboxylic acid, HOOCCH,CH,COOH - an
organic dibasic saturated carboxylic acid. Pure acid is
colourless crystals. Solid substance. Highly soluble in
water and ethanol (Succinic acid, 2020).

(Alpha-) 1-Naphthaleneacetic acid (NAA) is an
auxin,an odourless solid substance, white or colourless,
the release form is a water-soluble concentrate. A sub-
stituted naphthalene derivative with an attached acetic
acid residue, one of two possible isomers of naphtha-
leneacetic acid. Like many other substituted aromatic
compounds of acetic acid, it has an auxin-like effect and
is used in crop production as a herbicide and growth
stimulator (1-Naphthaleneacetic acid, 2020).

RESULTS AND DISCUSSION

Seeds that have a high germination energy produce
friendly shoots that are more resistant to adverse condi-
tions. Soaking wheat seeds in bioregulators activates its
membrane and enzymatic activity. A close relationship
was established between germination rates and wheat
seed germination energy. In the experiments of Tariq
et al. (2017), the length of the roots of seedlings from
seeds treated with a 2% nutrient solution was 8-10 cm,
and the length of the roots soaked only in water was
4-6 cm. Humus derivatives increased the germination
energy and seed germination (Ahmed & Awad, 2020).

In this experiment, the highest germination en-
ergy of winter wheat seeds was obtained after its treat-
ment only with Fulvohumin and in a mixture with NAA -
96% (Fig. 1). The germination energy of seeds treated
with a mixture of Fulvohumin, succinic acid and NAA
was 95%. Pre-sowing treatment of winter wheat seeds
with 0.025% succinic acid solution turned out to be more
effective against soaking in NAA. In addition, in the NAA
variant of pre-sowing treatment, the germination ener-
gy was 6% lower than the control. Pre-sowing treatment
of seeds with two preparations was less effective with
succinic acid and NAA with a germination energy of 88%.

FH+SA  SA+NAA FH+SA+NAA

Figure 1. Germination energy of winter wheat seeds depending on pre-sowing treatment, %
Note: (FH - Fulvohumin, SA - succinic acid, NAA - 1-Naphthaleneacetic acid) (LSDO5 - 6%, V (coefficient of variation) -

7%, experimental average - 91%)
Source: compiled by the authors
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Furthermore, in the Fulvohumin+succinic acid
variant,the seed germination energy increased by 2-4%,
compared to the use of only one of these preparations.
In the experiments of Karashchuk et al. (2020) the ger-
mination energy of winter wheat seeds treated with
Quadrastim with succinic acid increased by 3-8% from
the control, field germination was higher by 4-7%. For
pre-sowing treatment of tomato seeds, soaking in fulvic
acid with a concentration of 80 mg/l is recommended,

where germination increased by 13%, and root length -
by 32% compared to the control (Zhang et al., 2021).

According to the biometric parameters of wheat
seedlings on the 7th day of accounting, among the vari-
ants of one-component seed treatment, the advantage
of the use of Fulvohumin was noted, where the length
of the roots was 6.32 cm, the total length of the seed-
lings was 12.02 cm, against 5.98 cm and 11.17 cm in
the control, respectively (Table 1).

Table 1. Biometric indicators of wheat germination depending on pre-sowing treatment, cm

Variant Root length

Length of aboveground shoots Total length of seedlings

Control (water) 5.98 5.19 11.17
Fulvohumin 6.32 5.70 12.02
NAA 411 5.61 9.72
Succinic acid 5.38 491 10.29
Fulvohumin + NAA 4.62 4.85 9.47
Fulvohumin + succinic acid 6.12 6.25 12.37
Succinic acid + NAA 4.90 5.53 10.43
Fulvohumin + succinic acid +
+ NAA 5.84 6.36 12.2
Experimental average 5.41 5.55 10.96
LSD,, 0.27 0.43 0.61
V. % 14 10 11

Source: compiled by the authors

The length of the roots of wheat seedlings from
seeds treated with NAA was the smallest - 4.11 cm, also
significantly less than the control after the joint use of NAA
with Fulvohumin (by 1.36 ¢cm) or succinic acid (by 1.08 cm).

In experiments with beans, succinic acid did not
promote the growth of the root system of seedlings, the
length of the main root of shoots was 5% less than the
control, despite the higher seed germination (Shevchuk
et al., 2019). In this study by the authors, the total length
of 7-day-old wheat seedlings after seed treatment with
succinic acid was inferior to the control by 0.88 cm.
However, the use of two-component treatment Fulvo-
humin + succinic acid ensured the formation of seedlings
of the maximum length - 12.37 cm.

In the variant Fulvohumin + succinic acid+NAA,
the seedlings had the largest length of aerial shoots -
23% more than the control, and the total length of the
seedlings exceeded the control by 9%. The length of
the roots after complex pre-sowing treatment with Ful-
vohumin+succinic acid+NAA is not significantly greater

than the control (by 0.14 cm) but exceeds other applica-
tions of NAA. Notably, after NAA treatment, the percentage
of length of aboveground shoots is the highest — 58%.

The positive effect of NAA on the formation of
the aboveground mass of seedlings is confirmed by the
indicators of the raw mass of shoots - 4.612 g/100 pcs.
(Table 2). However, the raw mass of the roots was the
smallest in the experiment - 3.867 g/100 pcs. According
to the indicators of raw root mass, the highest efficiency
of two-component pre-sowing treatment of wheat seeds
with the preparations under study was noted. Due to the
pre-sowing treatment with Fulvohumin + NAA, the raw
weight of the roots is 1.4-1.7 times greater, compared to
the use of these preparations separately, and 48% greater
than the control. The total weight of seedlings in the ap-
plication of Fulvohumin + NAAwas 10.910 g/100 pcs, ex-
ceeding control by 25%, and single-component process-
ing options - by 1.2-1.3 times. In addition, when treated
with Fulvohumin + NAA, the proportion of raw root mass
is the highest in the experiment - 59% of the total.

Table 2. Raw weight of wheat seedlings, depending on pre-sowing treatment, g/100 pcs

. Raw mass of Total raw mass of * to control the total
Variant Raw root mass .
aboveground shoots seedlings raw mass
Control (water) 4.208 4.531 8.739
Fulvohumin 4.546 4435 8.981 0.242
NAA 3.867 4.612 8.479 -0.260
Succinic acid 4.295 3.920 8.215 -0.524

Scientific Horizons, 2022, Vol. 25, No. 9
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Table 2, Continued

Variant Raw root mass Raw mass of Total raw mass of % to control the total
aboveground shoots seedlings raw mass

Fulvohumin + NAA 6.387 4.523 10.910 2.171
Fulvohumin + succinic acid 5.418 6.044 11.462 2723
Succinic acid + NAA 5.479 5.178 10.657 1.918

. sch‘éilx?Ch:cTéTN A 4673 4994 9.667 0.928
Experimental average 4.859 4.780 9.639 1.028

LSD,, 0.334 0.323 0.660
V% 17 13 13 }

Source: compiled by the authors

Despite the smallest mass of aboveground wheat
shoots from seeds treated only with succinic acid -
3.920 g/100 pcs, after its combined use with Fulvohumin,
the maximum value of this indicator in the experiment
was noted - 6.044 g/100 pcs. Due to the combined treat-
ment with Fulvohumin+succinic acid, the raw root mass
increased by 1.210 g/100 pcs from the control, i.e., by 29%.
As a result, the total raw mass of seedlings of the Fulvo-
humin+succinic acid variant was the maximum in the ex-
periment - 11.462 g/100 pcs, exceeding the control by 31%.

In contrast to the elevated indicators of germina-
tion energy and seedling length, pre-sowing treatment
of wheat with a mixture of Fulvohumin+NAA+succinic
acid did not have a unambiguously positive effect on

the raw mass of seedlings, yielding to the options of
two-component treatments. However, the total mass
of seedlings substantially exceeded the control. Upon
pre-sowing seed treatment with NAA or succinic acid,
the total raw mass of seedlings is insignificantly lower
than the control - by 0.260-0.524 g/100 pcs. On aver-
age, according to the experiment, the length and raw
aboveground mass of shoots on the 7t day of account-
ing was 50-51% of the total, and a correlation of me-
dium strength was established between these indica-
tors - r=0.73%0.01 (Fig. 2).

Weak correlation between germination energy
and total seedling length (r=0.36%0.15) and their total
raw mass (r=0.30£0.19) (Figs. 3-4)

r=0.73%0.01
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Figure 2. Correlation of indicators of length and raw mass of aboveground wheat shoots

Source: developed by the authors using Excel 2016
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Figure 3. Correlation of seed germination energy indicators and total wheat germination length

Source: developed by the authors using Excel 2016
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Figure 4. Correlation of indicators of the total raw mass of wheat seedlings and seed germination energy
Source: developed by the authors using Excel 2016

The variation in the dry weight of wheat seed-  control - 0.5904 g/100 pcs, NAA - 0.608 and Fulvo-
lings after single- and two-component treatments with  humin + NAA - 0.6109 g/100 pcs. Fulvohumin contrib-
the preparations under study was significant (Table 3). uted to the formation of aboveground shoots with the

Thus, the dry mass of 7-day-old shoots of the highest dry mass - 0.7445 g/100 pcs, which is 17% of
succinic acid application options is lower than the their raw mass (Fig. 5).

Table 3. Dry weight of wheat seedlings, depending on pre-sowing seed treatment, g/100 pcs

Variant Dry mass of roots Dry mass of Total dry'mass £ to control,
aboveground shoots of seedlings total dry mass

Control (water) 0.5285 0.6359 1.1644 -
Fulvohumin 0.8226 0.7445 1.5671 0.4027
NAA 0.4747 0.6080 1.0827 -0.082
Succinic acid 0.6217 0.5904 1.2121 0.0477
Fulvohumin + NAA 0.7498 0.6109 1.3607 0.1963
Fulvohumin * 0.6896 0.7804 1.4700 0.3056

+ succinic acid
Succinic acid + NAA 0.6996 0.7290 1.4286 0.2642

Fulvohumin +

+ succinic acid + NAA 0.9240 0.7766 1.7006 0.5362
Experimental average 0.6890 0.6845 1.3733
LSD,, 0.0550 0.0498 0.0828 -
V. % 21 12 15

Source: compiled by the authors
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Figure 5. The share of dry mass of aerial shoots, roots, and seedlings from their raw mass, %
Note: (FH - Fulvohumin, SA - succinic acid, NAA - 1-Naphthaleneacetic acid)
Source: compiled by the authors
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According to this indicator, the most effective were
the combinations of preparations Fulvohumin + Succinic
acid -0.7804 g/100 pcs and Fulvohumin + succinic acid +
+NAA-0.7766 g/100 pcs.The share of dry mass of above-
ground shoots of these variants was 13% and 16% of the
raw mass, respectively. Complex pre-sowing treatment of
wheat seeds with Fulvohumin+succinic acid+NAA pro-
vided the maximum dry matter content in the root part
of seedlings - 0.9240 g/100 pcs, which is 20% of the raw
mass and 1.8 times more than the control. The dry mass
of the roots of 7-day-old seedlings after pre-sowing seed
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treatment with two-component mixtures was 12-13% of
the raw mass of the roots and significantly exceeded the
control (LSD, - 0.0550 g/100 pcs).

In the control variant, the share of dry mass of
aboveground shoots and roots was 13-14% of their
raw mass. Dependence between the total dry weight
of seedlings (r, g/100 pcs), their length (x, cm) and raw
mass (y, g/100 pcs) is calculated using the following
regression equation (Eq. 2, Fig. 6):

r=0.4899+0.115xx+0.0623xy (2)

Figure 6. Data dependence diagram of total length (x), raw (y) and dry mass of seedlings (2)

Source: developed by the authors using Statistica 10.0.

There was no positive effect of NAA on the accu-
mulation of dry matter in the root part of wheat seed-
lings - 0.4747 g/100 pcs, i.e., 10% below the control.
The dry mass of roots in wheat seedlings from seeds
treated with NAA was 12%, treated with succinic acid -
14%, while upon treatment with Fulvohumin it in-
creased to 18%. The results of other studies show that
seed induction with 1-Naphthaleneacetic acid did not
contribute to substantial growth of sweet maize, Vigna,
and cucumber seedlings (Somtrakoon & Kruatrachue,
2014). At a concentration of 10 mg/l, NAA showed a
negative effect on the dry weight of cucumber roots.

It was found that the total dry weight of wheat
seedlings strongly depends on the seed germination
energy - r=0.69+0.06. The percentage content of dry
matter (z, %) in wheat seedlings can be calculated
based on the data of total dry mass (x, g/100 pcs) and
seed germination energy (y, %) using the following re-
gression equation (Eq. 3):

7=3.6525+0.020xx+6.3721xy (3)

Thus, pre-sowing treatment of winter wheat
seeds with Fulvohumin definitely contributes to the ac-
cumulation of more dry matter in the aboveground and
root parts of seedlings. The total dry weight of seedlings

in the variant of pre-sowing treatment with Fulvohumin
was 1.5671 g/100 pcs., which is significantly higher
than the control. The indicators of the total dry mass
of seedlings after treatment with two preparations are
higher than the control (1.3607-1.470 g/100 pcs). As a
result, wheat seedlings were formed with the highest
dry mass after processing with Fulvohumin + succinic
acid + NAA - 1.7006 g/100 pcs, which is 46% higher than
the control. The total dry mass of seedlings from seeds
treated only with Fulvohumin and in the mixture of Ful-
vohumin + Succinic acid + NAA was 17-18% of the total
raw mass, while in the control this indicator was 13%.

Fulvic acids are organic compounds that are
common in the soil, but their added application increases
crop yields. Therefore, fulvic acids are part of new bio-
fertilisers. The highest efficiency is observed with the
complex use of edaphic preparations for seed treat-
ment, soil and foliar fertilization (Marenych et al., 2020).
It was experimentally confirmed that humic fertilisers
improved root growth, contributed to the formation of
high-quality seedlings, and increased the yield of field
crops (Savy et al., 2020). According to the experiments
of Braziene et al. (2021) pre-sowing soaking of wheat,
barley, and sugar beet seeds in fulvic acid significantly

Scientific Horizons, 2022, Vol. 25, No. 9
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increased their germination rate. The height of wheat
shoots was greater by 3%, the air-dry mass of roots - by
23%, compared to the control. As a result of the use
of fulvic acid, the wheat grain yield increased by 15%.
Humic substances investigated by Litvin et al. (2020) in-
tensified the growth processes of wheat and simultane-
ously had a detoxifying effect. The germination rate of
wheat seeds after processing was higher than the con-
trol by 8-11%, the total length of the roots - by 42-50%.
According to Marenych et al. (2019), for foliar feed-
ing of grain crops, fractional application of the humic
preparation was more effective than one-time applica-
tion and gave a yield increase of 16%, compared to the
control. Foliar application of fulvic acid eliminates nega-
tive conditions after biotic stress of plants. At the rate of
application of fulvic acid of 6 mg/l,the highest indicators
of wheat plant height (80.89 cm), weight of 1000 grains
(33.60 g) and grain yield (4.16 t/ha) were obtained
(Al-Haidary & Al-Zubaidy, 2020). The research of Ahmad
et al. (2018) covered the development of an effective or-
gano-mineral fertiliser. The soil fertiliser contained hu-
mic acid, while the leaf fertiliser included fulvic acids and
gibberellic acids. Their use increased the yield of wheat.
The most active component that begins to be syn-
thesized by plants under stressful conditions and effec-
tively optimizes their metabolism is succinicacid (Paramo
etal.,2020).As an adaptogen and growth stimulator, suc-
cinic acid still has a modest sales market, but with pros-
pects due to its biological safety. It was found that in the
spring period, succinic acid intensifies the growth of the
root system of winter wheat. The average root length of
winter wheat plants treated with succinic acid exceeded
the control by 21%, and wheat seedlings also had a 4%
higher dry matter content (Pryplavko & Gaviy, 2019).
The combined use of succinic acid with microfer-
tiliser turned out to be more effective. For instance, the
seed germination of vegetable plants increased by 3%,
the energy of germination increased by 10% (Kuts et al.,
2021). Treatment of bean seeds with vegetable aque-
ous solution of succinic acid increased laboratory ger-
mination by 7.7%, the number of shoots - by 5.4%, but
practically did not affect the length of the hypocotyl
(Shevchuk et al., 2019). In experiments with asparagus
seeds, succinic acid increased its germination rate by
14%. In addition, according to Shevchenko et al. (2021),
asparagus seedlings from succinic acid-treated seeds
did not substantially increase root mass, while the
height of aboveground shoots was 8-14 cm higher than
the control. Pre-sowing treatment of seeds with Quad-
rostim, which includes succinic acid, increased the ger-
mination rate of winter wheat. The length of the shoots
was 3.2-3.8 cm, the weight was 6.1-6.9 g/100 pcs, while
in the control it was 3.6-3.2 cm and 4.4-6.0 g/100 pcs,
respectively (Karashchuk et al., 2020).
Pre-sowing treatment of wheat seeds with exog-
enous phytohormones affects the growth and develop-
ment of plants along with the differentiated dynamics
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of their distribution in shoots and roots. The highest
content of indolyl-3-acetic acid was noted in the roots
of seedlings (Kosakivska et al., 2022). From the group
of auxins, 1-Naphthaleneacetic acid is actively used to
enhance growth and increase the yield of grain crops
(Basuchaudhuri, 2016; Alam et al., 2002). According to
Jahan et al. (2019), the use of 1-Naphthaleneacetic acid
(25 mg/\) in wheat crops positively affects root growth,
overall dry biomass, and yield. In the study by Hanaa &
Safaa (2019), the maximum indicators of the height of
wheat plants (92 cm), thousand-kernel weight (36.5 g),
and grain yield (6.61 t/ha) were obtained after spraying
the leaves with indolyl-3-acetic acid.

During the study of the effect of growth stim-
ulants on the germination of Pongamia pinnata seeds,
it was found that the greatest germination was in the
seeds soaked in a solution of indole-3-butyric acid, the
seedlings had a longer root length. Gibberellic acid, com-
pared to 1-Naphthaleneacetic acid, more significantly in-
creased the length of shoots, leaf area, and total dry mass
(Venkatesh et al., 2000). Treatment of maize seeds with
heterocyclic compounds and auxins (indolyl-3-acetic and
1-Naphthaleneacetic acids) resulted in an intensification
of seed germination and an increase in the growth pa-
rameters of maize shoots compared to untreated seeds,
but 1-Naphthaleneacetic acid has a lower stimulating
effect (Tsygankova et al., 2016). In other experiments, fo-
liar spraying of wheat with 1-Naphthaleneacetic acid (10
mg/l) increased the thousand-kernel weight and yield by
5.2-8.8% (Sun et al., 2018). In general, pre-sowing treat-
ment of wheat seeds should be complex, with phytohor-
mones and nutrient compounds.

CONCLUSIONS

The problem of reducing germination energy due to
the use of chemical protectants is especially relevant in
the zones of insufficient and unstable moisture, with a
lack of soil moisture during the period of sowing win-
ter cereals. Interest in nanofertilisers and bioregulators
that improve the quality of crops is constantly growing,
and in the future these preparations will become an
essential element of the technology of growing major
agricultural plants.

Treatment of winter wheat seeds with Fulvohumin
or succinic acid increases the energy of its germination
to 94-96%.Among the combinations of the preparations
under study, the germination energy after treatment with
Fulvogmin + NAA (96%) and Fulvogumin + succinic
acid + NAA (95%) is significantly greater. According to
statistical analysis of biometric data, only Fulvohumin
contributes to a significant increase in the length of the
root part of seedlings (by 0.34 cm). Pre-sowing applica-
tion of Fulvohumin with succinic acid provides the for-
mation of higher wheat shoots (12.37 cm) of a larger
raw mass (11.462 g/100 pcs). The total raw mass of wheat
seedlings from seeds treated with Fulvohumin exceeded
the control by 3%, and the raw mass of roots - by 8%.




Pre-sowing treatment of wheat with NAA at a concen-
tration of 0.025% did not have a significant positive
effect on seed germination and seedling formation.
The biological value of plants is estimated by
indicators of their dry weight. The maximum values of
the dry mass of roots and seedlings in general were
observed after seed treatment with Fulvohumin and in
a mixture of Fulvohumin+succinic acid+NAA - 17-20%.

Slobodianyk et al.

Total seedling dry mass is highly correlated with seed
germination energy (=0.69%0.06), while raw mass is
weakly correlated (r=0.30%+0.19). Evaluating the seed
germination energy, the length of seedlings, their raw
and dry mass, pre-sowing treatment of wheat with Ful-
vohumin and a combination of this preparation with
succinic acid and 1-Naphthaleneacetic acid is recom-
mended as the most effective.
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EdeKTUBHICTb pi3HMUX rpyn npenaparTiB
ANSa nepeanociBHOi 06po6KU HaCiHHA NWweHULi 03UMoi

FanuHa fAkiBHa Cno6oaaHuk, IBaH Amutposud XXunsk, IeaH IBaHoBuY MocToB’sIK,
Cepriit Bacunbosuu LlletnHa, Onekcanap IBaHoBuY 3a6010THUIA

YMaHCbKMIM HaLiOHaNbHUI YHIBEPCUTET Caf4iBHMLTBA
20305, Byn. IHCcTMTYTCbKA, 1, M. YMaHb, YKpaiHa

AHoTauis. [loyaTkoBMM eTanom MoAepHi3aLii BUpOLLYBaHHS OCHOBHUX 3€PHOBUX KYNbTYP € €K30reHHEe BUKOPUCTaHHS
NPUPOLHUX PErynaTopiB pocTy Ta HAHOLOOPMB ANs NepennociBHOI 06p0O6KM HACIHHA. SKOCTI NociBHOro Matepiany
MNWEeHUL 03UMOI NPUAINSETLCS 0COOMBA YyBara, 3BaXarUM HA BUCOKY MMOBIPHICTb MPOPOCTAHHS HACIHHS Y CTPECOBUX
KNiMaTUYHUX yMOBaX Ta HeODXiAHICTb OPMYBaHHS 3MMOCTINKMX NOCiBIB. [Topsa, 3 LM, CydacHi BUMOTU 40 arpOHOMIYHOI
6iodopTudikaLii pocMHHOI NpoayKLii nepenbayatoTb BNPOBAAXKEHHS €KONOriYHO-6e3MneyYHmX, AiEBUX Ta EKOHOMIYHO
BUTIAHMX 3aXO0AiB Mif Yac BUPOLLYBAHHS CiNbCbKOrOCNOAAPCbKUX KYNbTYP, WO 3YMOBMUNO aKTYalbHICTb AOCNIAXEHHS.
3acTocyBaHHS NpenapaTiB Ha OCHOBI (PY/IbBOKMC/IOT Ta PErynsTopiB pocTy — ehekTUBHUI CNocib perynauii MopdoreHesy
i MPOAYKTMBHOCTI NlweHuLi 03uMoi. MeTolo focnigkeHb 6yno BUBYEHHS BNAMBY NepennociBHOi 06pobKM HACiHHS
nweHuLi 03MMOi TakuMK npenapaTtamu, sk QynbBorymiH (xenatHe fobpueo), 1-Ha@Tun-oLTOBa KUCIOTA (QYKCHH) i
OypLITUHOBA KMCNOTA (BiOreHHUI CTUMYNITOP POCTY, 3AaNTOreH) Ha MPOPOCTAHHSA | BiIOMETPUYHI NapaMeTpu CXOAIB.
Y npoueci AocniaxeHb BUKOPUCTOBYBANM NabopaTOPHI i CTaTUCTUYHI MeToaM. BcTaHOBNEHO, WO 33 NepennociBHOro
HaMouyBaHHA y 1% po3unHi DynbBOryMiHy nifgBWLLYBaNAcs eHepris NpOPOCTaHHS HACiHHS, CXOAM MicTUAK Binbluy
4aCTKy Cyx0i pe4oBMHM, MOPiBHAHO 06pobkoto HaciHHA 0,025% po3unHom BypluTMHOBOI KMcnoTu abo 1-HadTun-
OLTOBOI KMCNOTOK. 33 NOKA3HMKAMK eHeprii NPOPOCTaHHS i CMPOi MacK KOPEHiB 7-AEHHUX CXOAIB ePeKTUBHOIO
6yna kombiHauis npenapatiB ®ynbBOryMiH i 1-HadTnn-ouToBa KMCoTa. Hanbinbli 3aranbHa JOBXMHA | cMpa Maca
7-ReHHMX cxoaiB 6ynu nicns cymicHoi 06pobkM HaciHHS ®DynbBOryMiHOM i GYpPLUTMHOBOK KMCIOTO. 3@ CYKYMHICTHO
[aHMX (OPMYyBaHHS CXOLiB, PEKOMEHAYETbCS KOMIMIEKCHA nepeanociBHa 06po6Ka HaCiHHSA MWeHuLi 03uMOoi
@ynbBOryMiHOM CYMiCHO 3 BYpPLUTMHOBO KMCOTOK i 1-HadTnn-ouTOBOK KMCNOoTOK. HeedekTuBHOW Byna obpobka
nmwe 1-HadTun-ouToBOK KMCIoTOW. [aHi AOCHImKEHHS NepcnekTUBHI AN MporpamyBaHHs MOMbOBOI CXOXOCTI
HaCiHHS | MaTEMaTUYHOrO MOLENOBAHHSA POCTY O3UMMX KYNIBTYP Ha NOYATKOBMX a3ax OHTOreHe3sy y noboBUX YMOBAX

Kniouogi cnoBa: OynbBoryMmiH, bypluTmHOBa KUCN0Ta, 1-HapTU-0LTOBA KMCI0TA, MPOPOCTAHHS HACiHHA, CXOAM NLIeHUL,
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