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Abstract: Climate change-induced drought is a significant threat to global
food security, particularly affecting wheat yields. Despite various strategies
to enhance drought resistance in crops, the effectiveness of chelated Zinc
(Zn) as a seed treatment agent remains underexplored, especially in the early
stages of wheat ontogenesis. This study aims to fill this gap by evaluating the
effectiveness of zinc as a seed treatment agent for drought resistance
improvement in wheat seed varieties in the initial stages of development. The
experimental setup involved treating seeds of seven spring wheat varieties
with chelated Zn at concentrations of 10, 15, and 20 mg/L. Germination rates,
shoot and root development, and various stability indices were measured
under both natural and simulated drought conditions. Studies of seed
germination showed a significant increase in germination, lengthening of the
shoot and roots, and an increase in the area and mass of the shoot and the
angle of appearance of roots when using chelated forms of zinc with a dose
of 15 mg/L compared with other variants of the experiment under natural
conditions and drought stress conditions. When zinc was used in stressful
drought conditions, wheat genotypes stimulated intensive growth and
development of root mass rather than the vegetative mass of wheat seedlings,
that is, the root-to-shoot ratio increased compared to the control variant.
Treatment of spring soft wheat variety seeds with a chelated form of zinc in
a dose of 15 mg/L promoted the full growth and development of wheat
seedlings and increased drought resistance (in terms of seedling viability
stability index, plant height stability index, plant mass stability index, plant
area stability index, root length stability index, root mass stability index, root
number stability index, etc.,).
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Introduction

Currently, one of the main factors threatening world
food security is drought caused by climate change. In the
next 20 years, due to the effects of high temperatures
and drought, the yield of the wheat crop will decrease
by 5.5-12% (Zulkiffal et al., 2021). Considering the
possible increase in air temperature to 0.6-2.5°C by 2050
and to 1.4-5.8°C by 2100, the consequences of drought may
increase even more (Birch, 2014).

Stress caused by drought negatively affects the water
balance of the plant (Habib er al., 2022), the rate of
transpiration, absorption, and movement of nutrients
(Baidalina et al, 2023), photosynthesis processes
(Dutbayev et al., 2021) and other metabolic processes
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(Nisa et al., 2019). Under the effects of drought, crops show
a tendency to decrease seed germination (Faisal, 2016;
Mahpara et al., 2022) and demonstrate deterioration of
growth and development (Lukécs et al., 2008), which also
leads to a decrease in yield (Rakszegi et al., 2014) and
quality of the crop (Umair Hassan et al.,, 2020) and
sometimes their absence.

Plants have properties with various mechanisms of
adaptation and response to drought stress, which cause
physiological, biochemical, and morphological reactions
(Reynolds and Tuberosa, 2008; Adl et al., 2020). The
response of plants to drought stress is directly related to the
level of moisture deficiency (Abdel-Motagally and EI-Zohri,
2018; Bali et al., 2022). In case of short-term stress from
drought, the plant limits the absorption of carbon dioxide.
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If the drought continues, then an average stress level
occurs, at which the plant regulates the osmotic pressure of
accumulated organic salts. Further, a prolonged drought
stress is observed, where the plant triggers the processes of
genetic information.

The reaction of the wheat plant to moisture deficiency
directly depends on the susceptibility of the culture to the
external environment and the reaction rate of the osmotic
regulatory properties of the plant. The response to drought
stress occurs at different levels of development depending
on the crop and variety (Lukacs et al., 2008; Rehman et al.,
2021; Ashfag et al., 2022). Under the influence of
drought, the plant, for enhanced absorption of moisture
from the soil, regulates osmotic pressure by increasing the
volume of carbohydrates and proline (Pessarkli, 1999).

The most important problem faced by germinating
seeds is the lack of moisture during germination. The
assessment of drought resistance at the germination stage is
very important since it affects all subsequent stages and
ultimately grain yield (Basu et al., 2016; Kido et al., 2016;
Nezhadahmadi et al., 2013). The amount of moisture in the
nutrient medium and the duration of moisture regulate the
process of seed germination. They cause a low level of
response of germinating wheat seedlings to drought
stress, which is just beginning to grow (Guo et al., 2017;
Ahmed et al., 2022; Malko et al., 2022). Therefore, the
focus of our study is aimed at solving this problem, since in
the main grain-growing regions of Kazakhstan (in the
central and northern regions), during the sowing and
emergence of spring wheat, moisture deficiency constantly
occurs (Baisholanov, 2017; Babkenov et al., 2023). If we
do not address this problem, based on forecasts, the level of
wheat yield in Kazakhstan may decrease significantly
(Shaimerdenova et al., 2023). According to the United
Nations, within the framework of the program for the
development of spring wheat yields in the main grain-
producing regions of Kazakhstan, a decrease in yield by
13-37% by 2030 and by 20-49% by 2050 has been
predicted and substantiated (Zerno.ru, 2020). The change
in weather conditions due to climate change is also
observed in northern Kazakhstan. Over the past 31 years,
in northern Kazakhstan, during the period of crop growth
and development, the number of hot days has increased
with a temperature background exceeding 32°C
(Akshalov et al., 2022).

Researchers suggest various ways to increase the
drought resistance of wheat at the germination stage, as an
effective way to deal with drought stress (Zeng and Luo,
2012; Gholizadeh et al., 2022; Shaffique et al., 2023;
Zhao et al., 2023). One of the effective ways to increase
drought resistance in the initial periods of wheat
development is the use of trace elements (Malakhov et al.,
2022), which reduces the content of reactive oxygen
species, increases the activity of antioxidant enzymes, and
improves the drought resistance of wheat by increasing
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the ability to use water, antioxidant protection, and
osmotic regulation (Nawaz et al., 2014; Wu et al., 2014).

While previous studies have explored various strategies
to mitigate drought stress, the use of chelated forms of zinc
specifically during the early stages of wheat ontogenesis
remains under-researched. Trace elements improve
physiological processes and plant growth and play a vital
role in increasing plant resistance to various biotic and
abiotic stresses (Keyvan, 2010; Silva Folli-Pereira et al.,
2016). Zinc (Zn) is an important trace element for plants
and plays a crucial role in various physiological processes
during plant growth and development (Taran et al., 2017;
Raeisi Sadati et al., 2022). Among the key points
explaining why Zn supplementation is necessary to
increase wheat productivity in ontogenesis, the
researchers note the following:

1. Rolein enzyme activation: Zn serves as an important
cofactor for enzymes, crucial for processes such as
photosynthesis, respiration, and DNA synthesis,
which are vital for plant growth and development

2. Photosynthesis: Zn is necessary for the synthesis of
chlorophyll (Samreen et al., 2017), the green pigment
responsible for photosynthesis (it affects the plant's
ability to produce energy and biomass)

3. Root development: A healthy root system is necessary

for the absorption of nutrients and Zn deficiency can

lead to a slowdown in root growth, limiting the plant's
ability to obtain the necessary nutrients and moisture

from the soil (Kondratenko and Soboleva, 2023)

Nutrient absorption: Zn facilitates the absorption

of other essential nutrients by plants, such as iron

(Fe) (Hasheminasab et al., 2023). This is

especially important for wheat, as Fe deficiency

can lead to a decrease in chlorophyll production
and a decrease in photosynthesis

5. Protein synthesis: Zn is involved in protein synthesis
and wheat plants need proteins for various functions,
including the formation of structural components,
enzymes, and transport proteins

6. Stress resistance: Zn plays a role in increasing plant
stress resistance, including resistance to diseases and
environmental stress factors (Babkenova et al., 2020;
Hasanuzzaman et al., 2018) believe that strengthening
the antioxidant defense system to mitigate oxidative
stress is one of the effective strategies for increasing
the drought resistance of wheat plants

7. Grain development: Zn contributes to the
development of wheat grain and affects grain size and
quality (Dashkevich et al., 2022)

8. Increasing wheat yields: Studies have shown that the
application of Zn fertilizers can lead to an increase in
wheat vyields, especially in regions where Zn
deficiency is common in the soil. This increase in
yield is explained by improved nutrient uptake,
improved photosynthesis, and overall improved plant
health (Kenenbayev et al., 2023)
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The study aims to experimentally determine the
chelated form of Zn to reduce the effect of drought in
the early stages of development of spring soft wheat
(Triticum aestivum L.).

By focusing on the early stages of plant
development, this research adds valuable knowledge to
the field, offering a practical and efficient solution to
enhance drought resilience in wheat, which is crucial
for ensuring food security in the face of climate change.

Materials and Methods

The experiment was conducted in the laboratory of the
S. Seifullin Kazakh Agro Technical Research University
in 2022-2023.

The objects of the study were seven varieties of spring
soft wheat of midseason-ripening type Shortandinskaya
2014, Taimas, Karabalykskaya 90, Liskam, Aina, Granny,
and Tselina 50.

The study variants were planted in three repetitions
using the randomization method. To create artificial
conditions of drought stress, a Polyethylene Glycol
(PEG)-6000 solution with an atmospheric pressure of 1.0
bar was used. 78 g of PEG-6000 was used to prepare the
solution and dissolved in 1,000 mL of distilled water
according to the method proposed by Michel and
Kaufmann (1973). Distilled water was used as a control
variant of the study. The seeds of spring soft wheat were
washed in running water before germination. Germination
was determined by international seed testing rules
(Introduction to the ISTA Rules, 2023). The filter paper
was pre-disinfected with 70% alcohol and moistened with
PEG-6000 solution.

The experimental variants were treated with pre-
prepared chelated Zn forms with doses of 10-15-20 mg/L
solution at a temperature of 25°C for 1 h and dried to
standard humidity. To minimize contamination from Zn,
all solutions, including the PEG-6000 solution used for
creating drought conditions, were prepared using telex-
treated water. The seeds of spring wheat brought to
standard humidity were put on germination, with 20 seeds
placed on each roll. For the germination of spring wheat
seeds, a Ts-200 thermostat (1004 Stabilizer Bar (SB)
model) was used at a temperature of 20°C (£2°C). 10 mL
of PEG-6000 solution was poured into each roll daily.

On day 3, the seed germination energy was determined
and on day 7, germination was determined. Along with
the determination of germination, the plant length, mass,
and area, as well as the root number, length, mass, and
angle of emergence, were recorded. Based on the results
of biometric indicators, the Shoot Viability Index (SVI)
and the Root-to-Shoot Ratio (RSR) were determined
according to the formula proposed by Hellal et al. (2018):

SVI = ((shoot length + rootstock length) X
germination) /100

1)
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The Plant Stress Tolerance Index (PSTI) was
determined by the formulas proposed by Ashraf et al.
(2008) using Plant Height Stability Index (PHSI), Plant
Mass Stability Index (PMSI), Plant Area Stability
Index (PASI), Root Length Stability Index (RLSI),
Root Mass Stability Index (RMSI) and Root Number
Stability Index (RNSI):

PMSI = (plant height stress/plant height

under control) X 100 @
PMSI = (plant mass under stress/plant mass ®)
under control) X 100
PASI = (plant area under stress/plant under 4)
control) x 100
RNSI = (root number under stress/root numberin ©)
the control variant) X 100
RMSI = (root mass under stress/root mass in the ©)
control variant) X 100
RNSI = (root number under stress/root numberin )

the control variant) X 100

Statistical processing of the results of the study was
carried out using the statistica 8.0 software. Differences in
the results obtained are possible at a significance level of
p<0.05 according to the student's t-test.

Results

The seed material of spring wheat varieties in terms of
germination in natural conditions corresponded to the
highest class (germination above 92.28%). As the study
results showed, the use of Zn preparation in vivo with
different doses of Zn contributed to an increase in
germination of seed material by 0.12-2.49% (Table 1).

The control for these experiments was the untreated
seeds germinated under the same conditions. When Zn was
applied, germination rates increased slightly even under
drought stress conditions. Specifically, using a 15 mg/L Zn
solution under drought stress increased the germination
rates to class 3 levels for several varieties: Taimas
(91.05%), Karabalyk 90 (91.44%), Liskam (92.33%),
Aina (92.2%), Granny (92.4%) and Tselina 50 (91.54%).
Lower concentrations (10 mg/L) and higher
concentrations (20 mg/L) of Zn also contributed to
increased resistance, with germination rates improving by
5.4-8.9% compared to untreated controls.

The minimum value of the impact of stressful
conditions on germination was characterized by the
varieties of spring wheat Taimas (germination rate under
stress 75.6%), Tselina 50 (germination rate under stress
76.3%), and Akmola 2 (germination rate under stress
72.7%). The use of a trace element of the chelated Zn form
in various concentrations contributes to an increase in field
germination. However, it is also necessary to note the
varietal specificity of the studied varieties of spring wheat.
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Table 1: The effect of drought stress and Zn on seed germination, root emergence angle, and RSR in spring wheat varieties

Germination, % RSR Root emergence angle, °
Variety Seed treatment Control Stress Control Stress Control Stress
Shortandinskaya No treatment 92.39 64.80 0.72 0.46 18.5 9.20
2014 Zn (10 mg/L) 92.51 71.38 0.70 0.51 23.25 11.78
Zn (15 mg/L) 96.74 77.13 0.71 0.73 25.72 14.34
Zn (20 mg/L) 92.07 73.46 0.68 0.71 23.07 11.50
Taimas No treatment 93.02 75.61 0.88 0.89 22.82 9.78
Zn (10 mg/L) 94.24 84.13 0.93 0.96 22.63 13.33
Zn (15 mg/L) 94.41 91.05 0.97 1.02 24.33 15.58
Zn (20 mg/L) 93.92 84.11 0.94 0.95 23.00 13.00
Karabalykskaya 90 No treatment 92.28 67.22 0.65 0.50 17.63 6.43
Zn (10 mg/L) 92.64 76.58 0.66 0.70 18.43 8.50
Zn (15 mg/L) 94.52 91.44 0.69 0.69 20.30 15.63
Zn (20 mg/L) 92.67 85.87 0.66 0.69 21.00 13.00
Liskam No treatment 94.40 65.90 0.78 0.44 19.17 6.93
Zn (10 mg/L) 96.93 79.43 0.74 0.69 19.27 10.40
Zn (15 mg/L) 97.83 92.33 0.73 0.69 21.67 7.67
Zn (20 mg/L) 96.63 80.00 0.73 0.65 24.03 8.10
Aina No treatment 93.38 72.50 0.74 0.76 26.50 5.87
Zn (10 mg/L) 94.65 87.41 0.73 0.75 28.30 21.10
Zn (15 mg/L) 95.90 92.20 0.81 0.89 28.00 24.43
Zn (20 mg/L) 94.99 89.53 0.76 0.80 25.63 20.53
Granny No treatment 95.01 71.64 0.77 0.70 30.10 11.50
Zn (10 mg/L) 95.02 78.67 0.75 0.78 30.67 22.90
Zn (15 mg/L) 96.51 92.40 0.73 0.77 30.83 25.03
Zn (20 mg/L) 95.90 85.85 0.75 0.80 29.67 23.50
Tselina 50 No treatment 95.56 76.38 0.70 0.33 24.30 8.53
Zn (10 mg/L) 95.69 83.62 0.68 0.53 25.04 16.23
Zn (15 mg/L) 96.98 91.54 0.73 0.74 27.73 19.30
Zn (20 mg/L) 96.51 86.30 0.72 0.74 25.27 16.53

A decrease in the germination rate under artificial stress from drought was observed from 18.96-39.98% depending on the studied
varieties of spring wheat. The data presented in Table 1 represent the mean values obtained from three independent experiments
(n = 3), each involving 20 seeds per roll and three rolls per treatment group, totaling 60 seeds per treatment condition

The varieties Karabalykskaya 90 (decrease by 44.16%),
Lamis (52.78%), Liskam (49.22) Fantasia (48.55%), etc.,
were unstable to stress concerning the plant length. The
varieties Taimas, Shortandinskaya 2014, and Tselina 50
were characterized by relatively high values of plant length.
These varieties of spring wheat were also characterized by
high plant mass and plant area values.

The formation of indicators of the number, length, and
mass of germinal roots also changed when exposed to
stressful conditions in comparison with the control
variant. The recorded decrease in the number of germinal
roots in the context of the studied varieties of spring wheat
amounted to 28%, which is primarily due to low values of
the length and mass of the wheat plant. Some spring wheat
varieties showed no stress effect on the formation of the
number of germ roots (Fantasia and Granny varieties)
while using a dose of Zn (10 mg/L) reduced these values.
The most optimal option is the Zn dose of 15 mg/L, which
contributed to an increase in the number, length, and mass
of germinal roots by an average of 9.3-18.6%.

Under the effects of drought stress, wheat seeds
significantly reduced the growth and development of
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roots. Under natural conditions (control) and drought
stress conditions, spring wheat seeds treated with Zn were
characterized by more intensive development of roots
than shoots. A particularly high RSR value was achieved
with an increase in the concentration of the Zn element by
more than 15 mg/L.

A high negative level of stress influence is noted in
terms of the root emergence angle. In the context of the
studied varieties of spring wheat, in comparison with
the control variant, stress conditions reduced the
indicator to 67.8%. Under artificial stress conditions,
the root emergence angle in Zn-treated seeds increased
by 3.47-15.9° compared with the control variant. As a
result of the use of Zn for priming spring wheat seeds, the
most pronounced increase in the appearance of roots was
observed in the Aina (15.9°) and Granny (13.53°)
varieties. The SVI decreased by 1.8-3.2 times in
conditions of artificial drought stress depending on the
genotype of spring soft wheat (Fig. 1). For wheat seeds
treated with Zn, an increase in the SVI was achieved,
reaching a high level (15.62-24.22%)).
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Fig. 1: The effect of drought stress and the Zn element on the
SVI of various spring wheat varieties

Priming of seeds of spring soft wheat varieties with the
Zn element showed different levels of the stability index
in terms of Seedling Viability Stability Index (SVISI),
PHSI, PMSI, PASI, RLSI, RMSI, and RNSI (Table 2). In

all varieties of spring soft wheat, an increase in the
germination stability index in natural and stressful
conditions from drought was observed when using Zn as
priming at a dose of 15 mg/L.

The maximum value of the SVISI, PHSI, PASI, and
RLSI was recorded in seeds of the Taimas variety when
treated with Zn at a dose of 15 mg/L. Besides, a high
stability index was noted in the Tselina 50 variety
(84.41%, PMSI) and the Granny variety (86.16%, RMSI).

The lowest value of the stability index in terms of
SVISI, PHSI, PASI, and RMSI was found in seedlings of
the Liskam variety in the untreated variant. Seedlings of
the Karabalykskaya 90 variety (PMSI, 49.14%) and
Granny (RLSI, 47.38%) had a low GSTI to drought stress.
The GSTI for Zn applications with a dose of 15 mg/L is
reached at maximum values and with an increase in the
dose to 20 mg/L, the GSTI to drought stress decreases.

Various correlations were recorded under natural
conditions and drought stress. When germinating seeds in
natural conditions, a weak to negative relationship was
found between the indicators of grain growth processes.

Table 2: The effect of spring wheat varieties seed treatment with Zn on drought stress resistance

Germination Stress Tolerance Index (GSTI) to drought stress, %

Seed
Variety treatment SVISI PHSI PMSI PASI RLSI RMSI RNSI
Shortandinskaya No treatment 46.21 69.74 65.42 80.08 62.85 42.11 83.33
2014 Zn (10 mg/L) 55.04 78.86 69.15 86.12 64.77 50.78 83.33
Zn (15 mg/L) 54.85 69.89 74.05 89.98 67.87 76.29 85.00
Zn (20 mg/L) 56.57 78.05 59.20 85.46 65.13 62.40 75.00
Taimas No treatment 54.87 67.87 62.51 78.36 67.09 63.47 71.67
Zn (10 mg/L) 76.30 88.87 67.70 86.65 82.43 69.97 100.00
Zn (15 mg/L) 88.75 90.83 71.77 91.98 92.90 75.29 100.00
Zn (20 mg/L) 78.04 87.85 69.53 92.08 86.05 70.62 78.33
Karabalykskaya 90 No treatment 38.86 55.59 49.14 55.76 51.45 37.21 80.00
Zn (10 mg/L) 57.55 65.13 68.41 79.31 73.36 71.37 91.67
Zn (15 mg/L) 81.55 84.61 79.45 90.10 84.11 78.79 100.00
Zn (20 mg/L) 67.49 63.99 75.94 87.64 80.61 78.77 93.33
Liskam No treatment 35.73 50.80 54.12 52.52 51.73 30.29 86.67
Zn (10 mg/L) 57.52 61.05 63.80 69.13 79.17 58.43 86.67
Zn (15 mg/L) 73.82 72.17 73.86 77.19 84.52 69.87 93.33
Zn (20 mg/L) 60.24 61.10 74.41 73.44 84.07 66.40 93.33
Aina No treatment 48.64 60.33 57.34 58.42 64.47 59.12 93.33
Zn (10 mg/L) 67.33 66.56 68.57 88.88 78.47 70.60 100.00
Zn (15 mg/L) 80.42 77.72 78.05 89.50 88.84 86.20 100.00
Zn (20 mg/L) 73.46 66.93 74.68 88.17 87.27 79.26 93.33
Granny No treatment 37.67 53.29 59.56 75.66 47.38 53.87 100.00
Zn (10 mg/L) 62.10 70.33 69.34 86.51 78.93 71.48 100.00
Zn (15 mg/L) 79.56 79.47 80.81 90.59 86.16 86.16 100.00
Zn (20 mg/L) 70.00 70.48 76.21 87.34 84.69 81.55 91.67
Tselina 50 No treatment 52.03 64.75 83.16 77.55 65.82 38.85 86.67
Zn (10 mg/L) 66.41 68.78 84.09 82.86 86.22 66.23 100.00
Zn (15 mg/L) 75.41 75.36 84.41 82.13 86.56 85.64 93.33
Zn (20 mg/L) 63.95 61.39 80.31 79.26 86.34 82.42 100.00
Variance, S? 198.16 1.21 1.01 1.31 0.89 0.79 1.81
Standard deviation’s 14.08 1.10 1.00 1.15 0.94 0.89 1.34
Coefficient of variation (V), % 22.39 15.70 14.20 14.20 12.40 13.40 14.70

S7
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There is a correlation between the indicators of plant
area and germination (r = 0.76), root mass and germination
(r=0.72), SVI and plant length (r = 0.72), and SVI and the
germinal root length (r = 0.88) and it is characterized as
high. At the same time, it is necessary to highlight a close
correlation between the RSR and the plant mass r = -0.90.
In drought conditions, a close correlation was found
between the germination index and the plant area (r = 0.85),
the root mass (r = 0.80), and the SVI (r = 0.86). Under
stressful conditions, a high correlation was found between
the plant length and the SVI (0.83), the plant area and the
root mass (0.72), the root emergence angle (0.7), and the
SVI (0.74).

The root length (0.9) and the root mass (0.82) had a
significant positive effect on the wheat SVI. According to
the analysis of variance, the effect of the variety (factor
A), seed treatment with Zn (factor B), and the effect of the
interaction of factors A and B on germination are
significant at all confidence levels (Table 4).

The actual Fisher's ratio test (F-test) for factor A under
natural conditions (65.8) and drought stress conditions
(123.6) turned out to be higher than the theoretical (3.13)
values. The theoretical values of the F-test at a 5%
significance level (2.75) for factor B turned out to be less
than the actual F-test values under natural conditions
(20.8) and under drought stress (213.5).

The interaction of factors A and B in the control
variant and under stressful conditions was significant
because the actual F-test for the interactions of factors A
and B (F = 5.2 and 11.1) was higher than the theoretical
values (F = 2.24). The relatively low experimental error
(Sx 0.5-1.45%) of the experiment was shown in various
conditions of germination of spring wheat seeds (Table 5).

Mathematical processing of the obtained data proves a
sufficiently high accuracy of the experiment in natural
conditions of germination (T = 99.5%) and under drought
stress conditions (98.55%). The LSDgs criterion (0.82-4.1)
proves the essential importance of varieties and the use of Zn
on the germination level of spring wheat seeds (Table 3).

Table 3: Correlation coefficient between the studied signs in natural conditions and drought stress conditions

Plant Germinal  Germinal
Plant Plant area, roots roots Root Root
Germinat length, mass, cm?100  number, length, mass, emergenc

ion, % cm 9/100 pcs pcs pcs pcs 9/100 pcs e angle, ° SVI
Germination, % 1.00 0.62 0.52 0.85 0.38 0.67 0.80 0.64 0.86
Plant length, cm 0.42 1.00 0.53 0.50 0.27 0.59 0.60 0.45 0.83
Plant mass,

0.33 0.65 1.00 0.45 0.33 0.38 0.61 0.34 0.52
9/100 pcs
Plant area,
Cm2/100 pes 0.76 0.44 0.33 1.00 0.39 0.62 0.72 0.70 0.74
Germinal roots
number, pcs 0.08 0.16 0.13 0.05 1.00 0.21 0.30 0.05 0.33
Germinal roots 0.24 0.31 0.24 0.20 -0.13 1.00 0.75 0.52 0.90
length, pcs
Weight of roots, =g 25 0.43 0.30 0.56 0.07 0.46 1.00 0.63 0.82
9/100 pcs
Z:’golze'l‘ergence 0.33 0.09 -0.06 0.43 -0.30 0.18 0.25 1.00 0.61
SVI 0.49 0.72 0.50 0.43 -0.01 0.88 0.61 0.21 1.00

Note:

- Natural conditions
- Drought stress conditions

Table 4: The results of the variance analysis of the two-factor 7x4 experiment conducted using the method of randomized blocks

Sum of
squares Mean square Ff Fos Ff Fos
Degree of

Variance freedom Control Stress Control Stress Control Stress
Total 83 307.2 6,464.4
Repetitions 2 7.8 12.0
Factor A 2 133.6 1,557.5 66.8 778.7 65.8 3.13 123.6 3.13
Factor B 3 63.2 4,035.7 21.1 1,345.2 20.8 2.75 2135 2.75
Interaction of factors
Aand B 6 315 418.1 5.2 69.7 5.2 2.24 111 2.24
Excess 70 711 441.1 1.0 6.3

Note: Factor A: Seeds of spring soft wheat varieties (Shortandinskaya 2014; Taimas; Karabalykskaya 90; Liskam; Aina; Granny;
Tselina 50); Factor B: TFreatment of seeds with Zn in different doses (no treatment; Zn (10 mg/L); Zn (15 mg/L); Zn (20 mg/L))
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Table 5: The results of the significance of particular differences in seed germination in natural and drought stress conditions

Total Factor A Factor B
Materiality assessment Control Stress Control Stress Control Stress
Sx 0.50 1.45
Mean difference error (Sd) 0.82 2.05 0.41 1.02 0.47 1.18
Least significant difference (LSD)os 1.65 4.10 0.82 2.05 0.95 2.37

Note: LSDos is the least significant difference for a 5% significance level

Discussion

Based on the results of our study, we can draw
theoretical and practical conclusions.

The theoretical conclusions are generally confirmed
by the results of other studies on the need for Zn
application, in particular at the stage of wheat
ontogenesis. Foliar application of Zn increases grain
yield, yield index, Fe, manganese, and copper content
(Mehrinfar et al., 2023). It reduces drought stress by
increasing the biometric parameters of wheat plants
(Mahdy and Farghali, 2021). It increased the content of
antioxidants (ascorbate, reduced glutathione, total
phenolic, and total flavonoid composition), while
simultaneously reducing the levels of lipid peroxidation
and the H,0, content (Ma et al., 2017).

For instance, Irmes et al. (2023) explored the effects
of foliar zinc applications on winter wheat, focusing on
leaf chlorophyll concentrations and grain yields over two
seasons with different weather conditions. They found
that foliar Zn treatments improved chlorophyll content
and vyield, particularly under drought conditions. The
correlation between chlorophyll concentration and yield
was stronger in the dry season, suggesting that Zn foliar
applications are particularly beneficial under water-
stressed conditions. This suggests that while both seed
and foliar applications of zinc are beneficial, they target
different growth stages and stress responses in wheat.

Also, Yahyaoui et al. (2017) investigated the effects
of Zinc Oxide nanoparticles (ZnO NPs) on wheat,
highlighting oxidative stress responses and potential
toxicity. While the study underscores the significant
impact of zinc-based treatments author emphasized the
potential toxicity and oxidative damage at high ZnO NP
concentrations, whereas our research showed the
beneficial effects of moderate chelated zinc
concentrations on drought resistance.

The practical conclusions of our study allow us to
draw conclusions about methods that increase the
efficiency of wheat cultivation. We agree with the
researchers' conclusions that seed treatment with
microelement nanoparticles helps to improve seed
germination and seedling growth, ensuring plant
resistance to various stresses (Nile et al., 2022).

The effectiveness of nanopriming wheat seeds
depends on the concentration of nanoparticles, as well as
the priming time. In wheat seeds, ZnO at a concentration
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of 10 mg/L with a treatment time of 18 h had the greatest
positive effect on the level of seed germination, biomass,
and seedling energy (Rai-Kalal and Jajoo, 2021). Using
ZnO nanoparticles effectively mitigates the negative
effects of drought during the emergence of wheat
seedlings, increasing the fresh and dry mass of shoots and
roots (Rukhsar-Ul-Hagq et al., 2023).

Wheat seeds treated with ZnO (10 mg/L) showed a
significant positive effect on seed germination and SVI
compared with non-primed (control) and hydro-primed
seeds (Rai-Kalal and Jajoo, 2021). As the results of our
study showed, improper selection of Zn dosage for seed
treatment causes greater harm to the roots of wheat
seedlings and even destroys the antioxidant system
(Zhu et al., 2019).

The main signs for assessing germination in drought-
resistant conditions are the germination percentage, the
plant length, the root length, and the RSR of germinated
seeds (Arjenaki et al., 2012; Mohi-Ud-Din et al., 2021).
To increase drought resistance in the early stages of
development, especially during the emergence of wheat
seedlings, it is necessary to consider the parameters of
germination, their stability, and viability (Sallam et al.,
2018). The objectives of the study were to assess the
effects of drought stress on the germination parameters of
spring wheat varieties and to reduce the negative effects
of drought with the use of Zn.

All studied varieties showed a response to drought
stress, reducing the germination rate to 64.8%. Stressful
conditions also negatively affected the formation of the
length, mass, and shoot area of spring wheat seeds. Under
the influence of stress, the length of the shoot decreased
from 30.4-52.7%. The use of Zn in various doses
contributed to an increase in germination. However, the
most optimal variant of the experiment was the use of Zn
in the dose of 15 mg/L, which contributed to an increase
in germination by an average of 20.2-29.4% in the context
of the studied varieties.

In the case of drought, under the influence of stress,
wheat shoots and roots are delayed in growth and the RSR
in some varieties (Liskam) decreases to 0.44. Treatment
of wheat seeds with Zn (15 mg/L) in drought stimulates the
development of roots rather than shoots, increasing the
RSR (Taimas variety) to 1.02. The study by Mahdieh et al.
(2018) on pinto beans demonstrated that Zinc Oxide
nanoparticles (ZnO NPs) significantly improved
vegetative traits, yield, and zinc content. However, while
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Mahdieh et al. (2018) highlighted the advantages of
foliar application, our study focused on seed treatment,
suggesting that the method of zinc application could
influence the outcomes.

In natural conditions, the roots of wheat seeds grow
somewhat sprawling, while under the influence of drought,
the root emergence angle decreases from 9.3-20.3°.
Using Zn at a dose of 15 mg/L under natural conditions
(0.73-7.22°) and drought conditions (0.74-18.56°) leads to
an increase in the root emergence angle.

A characteristic difference in all the studied varieties of
spring soft wheat according to the GSTI to drought stress is
that only when the seeds are treated with Zn (15 mg/L), the
maximum value of drought resistance is achieved
(lvanov, 2021). Correlation studies between all the
signs have shown that in natural conditions a close
correlation is observed between the germination
indices (r = 0.72-0.76) and the SVI (0.72-0.88). Under
conditions of drought stress, many germination
parameters positively and significantly correlated with
each other, especially in terms of similarity (r = 0.8-0.86),
plant area (r = 0.7-0.74), and SVI (r = 0.74-0.9).

The aina and granny varieties were characterized by a
high rate of germination and resistance to stressful conditions
(the germination rate was 92.2-92.4%, respectively).

It is also important to acknowledge some limitations of
the research. The research is centered on wheat varieties from
Kazakhstan, potentially limiting the generalizability to other
regions with different climates and soils.

Nevertheless, the results of this study demonstrate
significant advancements in the field of agricultural
sciences, specifically in the area of drought resistance in
crops. The findings that a 15 mg/L concentration of
chelated zinc markedly improves germination rates,
promotes root development over vegetative growth, and
enhances various stability indices under drought
conditions provide novel insights into the practical
applications of micronutrient treatments.

These results contribute to the current body of
knowledge by highlighting the specific benefits of
chelated zinc in enhancing the early-stage drought
resistance of spring wheat.

Conclusion

In case of drought under stress, soft wheat seeds
include all germination parameters to ensure growth
processes, which have a close correlation in similarity,
plant area, and SVI.

The results of the study of the effects of drought stress
showed a positive effect of the studied varieties, seed
treatment with Zn, and the effect of the interaction of two
factors on the germination of spring soft wheat. The
relationship between varieties and variants of the use of Zn
as seed priming has shown that the dominant role in the
formation is played by the varietal feature and the dose of Zn.
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It was found that the use of a chelated form of Zn with
a dose of 15 mg/L contributed to an increase in field
germination, lengthening of the shoot and root, increasing
the area and mass of the plant, and leading to an increase
in the root emergence angle. According to the results of
the conducted studies, Zn increased the mass of primary
roots rather than wheat shoots.

For further studies, the modeling method is planned to
increase the germination rate and stress resistance of seeds
of spring soft wheat varieties using trace elements to
prevent and eliminate the effects of drought on the growth
and development of crops.
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