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ABSTRACT

Among a number of climate-related factors, moisture has the greatest impact on crop productivity. In recent years,
certain changes have been observed under conditions of the Forest-Steppe of Ukraine with regard to precipitation
— from low to in some cases — abnormally high, which requires the study of their impact on the yield and safety of
cereal grain for its forecasted production. The article examined the effect of a high level of soil moisture (256.2—
272.5 mm) and a low level (47.4-52.3 mm) during the growing season (germination—-earing) of spring barley grain
on the accumulation of heavy metals in it and its productivity under the conditions of gray forest soils of the Right
Bank Forest Steppe of Ukraine. Spring barley varieties Helios and Caesar were selected for the research. A decrease
in the accumulation coefficient at a high level of soil moisture (256.6-272.5 mm) in spring barley grain Pb from
8.3% to 11.3%, Cd — from 35.0% to 35.5%, Zn was established — by 15% and Cu — from 11.2% to 16.6% compared
to the low level of soil moisture (47.1 mm — 53.3 mm). At the same time, it was found that with a high level of soil
moisture, there is a decrease in the yield of Helios and Caesar spring barley by 18.0% and 14.1%, respectively.

Keywords: soil, heavy metals, Pb, Cd, Zn, Cu, spring barley, accumulation coefficient, concentration, precipita-

tion, artificial moistening, growing season, germination, earing.

INTRODUCTION

At almost all historical stages of the
development of society, cereal grains have
been an important type of food resource for the
population. They constitute one of the main export
products, which provide significant inflows of
foreign exchange funds, and are the basis of cash
receipts and profits in agricultural enterprises.
With proper storage, grain practically does not
lose its qualities, so it is suitable for creating
state reserves for the production of food and feed
[Lotysh, 2018].

Today, Ukraine has alternative directions
for the development of grain production in the
technologies of growing grain crops, which have

opened up new opportunities for modeling grain
production systems and effective use of soil
resources [Chukhlib, 2020].

Along withthe importance of grain production,
the requirements for its quality have increased,
which depends on the ecological state of grain
production. However, as a result of technogenic
activity of the population in some territories,
certain problems arise in the production of
high-quality grain, in particular, the detection of
increased content of various toxicants, including
heavy metals, in plant products [Zhou and
Zheng, 2022; Razanov et al., 2022]. Penetrating
into plants, heavy metals can negatively affect
metabolic processes, which leads to a decrease in
yield and the threat of contamination of'its products
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[Tkachuk et al., 2016; Wang et al., 2017]. The
main danger of heavy metals lies in their property
of inclusion in the circulation and accumulation in
agricultural products, including cereal grains, in
particular, barley, which can lead to their entry into
living organisms [Razanov et al., 2020; Voitovska
et al., 2021]. It has been established that copper,
cadmium, mercury and lead can be carcinogenic,
embryotoxic, teratogenic, etc. effects [Fu Z and Xi
S, 2020]. It is also known that the intake of heavy
metals into the body for a long period of time
negatively affects its hematopoietic organs, and
also increases the formation of free radicals, which
leads to lipid oxidation. The entry of heavy metals
into the human body can contribute to an increase
in morbidity and a reduction in life expectancy
[Rehman et al., 2018; Balali-Mood et al., 2021].

It is known that the formation of the crop yield
is connected with a complex of abiotic factors,
among which natural and climatic conditions
occupy an important place [Maidanovych, 2020;
Zahra et al., 2023]. A necessary condition for the
effective development of grain production is the
scientific substantiation of the rational placement
of grain crops, taking into account the climatic
conditions that have changed significantly over
the past decades [Bonecke et al., 2020; Pinke et al.,
2022]. It is also necessary to note the occurrence
of adverse weather phenomena, in particular, long
periods without precipitation, low amounts of
precipitation, as well as abnormally high rates of
precipitation in very short periods. Thus, in some
territories of Ukraine, record precipitation was
observed, amounting to 268 mm in just one month,
compared to low precipitation, which amounted to
only 32-35 mm [Semerhei-Chumachenko et al.,
2020; Goncharova et al., 2021].

It has been studied that barley is a rather de-
manding crop in terms of moisture supply [Pan-
filova et al., 2020]. A constant supply of water is
optimal for it, and insufficient supply of moisture
to barley during the milky maturity of grain can
be the cause of a decrease in its yield. Also, an
excess of moisture can lead to insufficient supply
of oxygen to the roots, as a result of which the
process of grain formation is reduced [Gudzenko
and Vasylkivsky, 2016]. That is, violation of the
moisture supply of barley reduces the grain yield
to one degree or another. At the same time, the
influence of this factor on the safety of barley
grain, in particular, the accumulation of toxicants
(heavy metals) in it, has not been sufficiently
studied.
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Under such conditions, there is a need for the
studied intensity of accumulation of heavy metals
in the soil — plant — barley grain system for the
predicted control of the concentration of these
toxicants in it.

The purpose of the research was to study the
intensity of accumulation of heavy metals (Pb,
Cd, Zn, Cu) in cereal grains (spring barley) under
the influence of high moisture of the gray forest
soil under the conditions of the Right Bank Forest
Steppe.

MATERIALS AND METHODS

The research on the influence of excessive
soil moisture on the translocation of heavy metals
in spring barley grain was conducted under the
conditions of gray forest soils of the Right Bank
Forest Steppe of Ukraine.

The study region belongs to the area with
unstable moisture and has periodic droughts. The
climate is temperate continental with long and
warm summers as well as short, moderately cold
winters. The duration of the growing season of
agricultural plants is about 200-205 days. Spring
barley varieties Helios and Caesar were used in the
research.

Helios is a six-row spring barley variety,
medium-ripening, designed for intensive growing
technologies. The wvariety is characterized by
high productivity and resistance to lodging, it is
characterized by high resistance to diseases and
shedding, in addition, it responds well to fertilizers.

Spring barley of the Caesar variety belongs
to the medium-growing, intensive variety type,
with average resistance to lodging and shedding,
requires fertile soils. It has a double-rowed ear
and is well bushed. The direction of use of the
variety is grain, brewing.

Artificial irrigation during the growing of
spring barley was carried out during the growing
season (germination — earing) in 2021 and 2022.
In each variant, 4 repetitions were used. The
study of the influence of the level of soil moisture
was carried out according to the research scheme
(Table 1).

Hydrothermal  coefficient (HTC) was
determined by the formula that reflects both
temperature factor and precipitation during the
certain period (germination—earing): HTC = XR
x 10/ %t where ZR and Xt — accordingly sum

act>10°

of precipitations and temperatures for the same
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Table 1. Scheme of research

_ Features of Crop sowing Soil moisture level, mm Indicators of the intensity of
Variety hydration period accumulation of heavy metals
2021 | 2022 | 2021 HTC | 2022 | HTC in spring barley grains
Precipitation 8.04 5.04 52.3 0.87 47.4 0.72
Helios Precipitation + Coeffici
. oefficient of
artificial irrigation 8.04 5.04 256.2 3.14 2725 2.96 Concentration accumulation
Pb, Cd, Zn,
Precipitation 8.04 5.04 52.3 0.87 47.4 0.72 Cu Pb, %d, Zn,
u
Caesar initati
Precipitation + | 504 | 504 | 2562 | 3.4 | 2725 | 296
artificial irrigation

period, when the temperature has not been lower
than 10 C, 10 — coefficient (if HTC < 0.4 — very
severe drought, HTC from 0.4 to 0.5 — severe
drought, HTC from 0.6 to 0.7 — moderate drought,
HTC from 0.8 to 0.9 — mild drought, HTC from
1.0 to 1.5 — quite wet, HTC > 1.5 — excessively
wet) [Selyaninov, 1937].

The selection of soil samples to determine the
concentration of heavy metals (Pb, Cd, Zn, Cu) in
it was carried out by using the envelope method.
The soil was sampled with a probe at a depth of
24 cm of soil plowing. The selection of spring
barley grain Helios and Caesar was carried out
by means of a hand probe from each batch sepa-
rately. Determination of heavy metals in spring
barley grain was carried out by using the atomic
absorption method [GOST, 2010].

The accumulation coefficient (C_ ) was deter-
mined by the formula:

The content of heavy
metals in cereal grains

RESULTS AND DISCUSSION

The research results (Fig. 1) showed that there
were no excesses of heavy metals in the soil, in
particular, Pb, Cd, Zn and Cu.

Thus, the concentration of heavy metals in the
soil compared to the MPC (Pb — 6.0 mg/kg, Cd
— 0.7 mg/kg, Zn — 23.0 mg/kg, Cu — 3.0 mg/kg)
was lower in 2021, Pb was 4.47 times, Cd — 2.25
times, Zn — 35.9 times, and Cu — 9.6 times, while
in 2022 these same indicators were 4.7 times,
2.25,35.9 and 4.09 times.

According to the research results, a certain
influence of high soil moisture during the period
of germination — earing (256.2-272.5 mm)
compared to precipitation (47.4-52.3 mm) on the
concentration of heavy metals in cereal grains
was revealed (Table 2).

Thus, inspring barley ofthe Helios variety, with
high soil moisture in 2021, the concentration of Pb
was lower by 15.0%, Cd by 50%, Zn by 13.0%,

(Coce) = The content of heavy (1)  and Cu b}{ 13.4% compared to low moi.sture. In
i i barley grain of the same variety grown in 2022,
metals in the soil the Pb, Cd, Zn, and Cu concentrations were also
1,6
o 14 1341;27
E
o i —
g 1,2
>
51T
,S;‘) on 071
e %, 0.8 17 0,64
g F o6
=
11 3033
% 0.4 0317028 0;
Q
g 02—
O
0
Pb Cd Zn Cu Heavy metals
L2021  ®=2022

Figure 1. Intensity of soil contamination by heavy metals, mg/kg
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Table 2. Concentration of heavy metals in spring barley grain, mg/kg

Heavy metals
Variety Feature_s of Years of Pb cd Zn Cu
hydration research
MPC Actual MPC Actual MPC Actual MPC Actual
L 2021 0.5 0.46 0.1 0.09 50 2411 10 5.72
Precipitation
Hel 2022 0.5 0.47 0.1 0.08 50 27.96 10 5.56
elios
Precipitation and 2021 0.5 0.40 0.1 0.06 50 21.32 10 5.04
artificial irrigation 2022 0.5 0.47 0.1 0.05 50 26.26 10 4.65
o 2021 0.5 0.54 0.1 0.08 50 26.74 10 5.79
Precipitation
2022 0.5 0.50 0.1 0.07 50 25.80 10 5.50
Caesar
Precipitation and 2021 0.5 0.49 0.1 0.04 50 23.17 10 5.08
artificial irrigation 2022 0.5 0.41 0.1 0.05 50 21.33 10 4.87

4.2%, 60%, 6.4%, and 19.5% lower, respectively,
under high moisture compared to low moisture.

In the spring barley grains of the Caesar
variety under high soil moisture, compared to
low moisture in 2021, the concentration of Pb,
Cd, Zn, and Cu was higher by 10.2%, 77%, 6.2%,
and 14.0%, while in in 2022 — by 13.6%, 40%,
20.96% and 12.9%.

Also, when characterizing the accumulation of
heavy metals in spring barley grain depending on
the variety, it is necessary to note the differences
found between them. In particular, spring barley
of the Helios variety under normal soil moisture
(precipitation) had a higher concentration of Cu
and Cd by 19.4% and 12.5% in 2021 and 1.0%
and 12.5% in 2022 compared to the Caesar
variety. The concentration of Pb and Zn in the
Helios barley grain under normal soil moisture
in 2021 was lower by 33% and 9.8%. In 2022,
the concentration of Pb in barley grains of the
Helios variety was lower by 2%, and Zn, on the
contrary, was higher by 7.7% compared to the
Caesar variety.

In the spring barley grain of the Helios variety
under high soil moisture (rainfall + irrigation), the

concentration of Pb, Cd, Zn, and Cu was lower
than the barley grain of the Caesar variety in
2021 by 18.3%, 15.3%, and 0.8%, and Cd, on the
contrary, is higher by 33.3%.

In 2022, the concentration of Pb and Zn in
the spring barley grain of the Helios variety under
additional high soil moisture was higher by 6.8%
and 23.3%, and Cu was lower by 4.5%. However,
this difference did not cause excesses of MPC of
these elements in the grain, and no clear patterns
were found in the accumulation of heavy metals
in the grain of spring cereals depending on the
variety under artificial soil moistening.

According to the results of the research, it was
also established that the coefficient of accumulation
of Pb, Cd, Zn and Cu was lower at high soil moisture
compared to low soil moisture (Table 3).

Thus, with high soil moisture in 2021, the
coefficient of accumulation of Pb, Cd, Zn, and Cu
in the Helios barley grains was lower by 14.7%,
34.4%, 11.7%, and 11.5%, respectively, compared
to low moisture. In 2022, the hazard ratio of Pb,
Cd, Zn, and Cu in the Helios barley grain under
high moisture was 2.6%, 35.7%, 5.9%, and 18.4%
lower, respectively, compared to low moisture.

Table 3. Coefficient of accumulation of heavy metals in spring barley grain, mg/kg

Heavy metals
Variety Features of hydration Years of y
research Pb Cd Zn Cu
2021 0.34 0.29 34.0 19.0
Precipitation
2022 0.38 0.28 43.6 16.8
Helios
Precipitation and 2021 0.29 0.19 30.0 16.8
artificial irrigation 2022 0.37 0.18 41.0 13.7
2021 0.40 0.26 37.6 19.1
Precipitation
2022 0.39 0.25 40.3 16.6
Caesar
Precipitation and 2021 0.36 0.15 32.6 16.9
artificial irrigation 2022 0.34 0.18 33.3 14.7

288




Journal of Ecological Engineering 2023, 24(7), 285-292

The coefficient of accumulation of Pb, Cd, Zn
and Cu in barley grains of the Caesar variety in
2021 and 2022 with high soil moisture was lower
by 10% and 12.8%, 42.3% and 28.0%, 13.3%
and 17.3%, 11.5% and 11.4% compared to low
hydration.

It should also be noted that the coefficient of
accumulation of heavy metals in spring barley
grains also varied depending on the variety.
Thus, in the grains of spring barley of the Helios
variety, grown in 2021 at a low level of soil
moisture, the accumulation coefficient of Pb was
lower by 15.0%, Zn by 9.5%, Cu by 0.3%, and
Cd, on the contrary, higher by 15% compared to
similar products of barley of the Caesar variety.
In the grains of spring barley of the Helios
variety, grown in 2022 under low soil moisture,

0,6

the accumulation coefficient of Pb was lower by
2.5%, and Cd, Zn, and Cu were higher by 12%,
8.1%, and 1.2%, respectively, compared to the
Caesar variety. At a high level of soil moisture,
the coefficient of accumulation of Pb, Zn, and
Cu in the spring barley grain of the Helios
variety in 2021 was lower by 19.4%, 7.9%,
and 0.6%, respectively, and Cd was higher by
26.6% compared to the Caesar variety. In 2022,
the Helios spring barley grain at a high level
of soil moisture had a Pb and Zn accumulation
coefficient higher than the Caesar spring barley
grain by 8.8% and 23.1, respectively, and Cu, on
the contrary, was lower by 6.8%. The coefficient
of accumulation of Cd in the grain of spring
barley of the Helios and Caesar varieties was at
the same level.

>

0,52

Lilow level of

hydration
® high level of

hydration

Concentration of heavy metals
mg/kg

Pb Cd
Variety - Helios

Pb Cd Heavy metals

Variety - Caesar

Figure 2. Average concentration of Pb and Cd in spring barley grain
during the research period (2021-2022), mg/kg

26,27

Lilow level of

hydration
®high level of

hydration

The content of heavy metals mg/kg

/n

Cu
Variety - Helios

/n

Cu
Variety - Caesar

Heavy metals

Figure 3. Average concentration of Zn and Cu in spring barley grain
during the research period (2021-2022), mg/kg
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Figure 4. Average accumulation rate of Pb and Cd in spring barley
grain during the research period (2021-2022), mg/kg
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Figure 5. The coefficient of accumulation of Zn and Cu in spring barley grains
on average during the research period (2021-2022), mg/kg

On average, over two years of research,
with high soil moisture, the total rate of which
was 266 mm together with precipitation during
the month of June, a lower concentration of
Pb, Cd, Zn, and Cu was found in the spring
barley grains of the Helios and Caesar varieties
compared to low precipitation levels, the
amount of which during this period it averaged
49.8 mm (Fig. 2, Fig. 3).

The coefficient of accumulation of Pb, Cd,
Zn, and Cu in spring barley grain (Fig. 4, Fig.
5) at a high level of moisture on average in 2021
and 2022 was lower, respectively, in the Helios
variety by 8.3%, 35.0%, and 16.6% compared to
the variant with low humidity.

In spring barley grains of the Caesar variety,
the accumulation coefficient under artificial
moisture was lower for Pb by 11.3%, Zn by

Table 4. Yield of spring barley depending on the level of moisture (2021-2022), t/ha

Variet Soil moisture level, mm Yield, tha
ariety On average over the
2021 2022 2021 2022 years of the study
] 52.3 47.4 3.1 3.0 3.05
Helios
256.2 272.5 2.6 24 25
52.3 47 .4 3.7 34 3.55
Caesar
256.2 272.5 3.2 2.9 3.05
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15.3%, and Cu by 11.2% compared to the option
of low soil moisture.

During the research, the influence of soil
moisture on the yield of spring barley Helios and
Caesar was also revealed (Table 4).

In particular, with an average rainfall of 264
mm (2021-2022) in the germination—earing
period, the yield of spring barley of the Helios and
Caesar varieties was lower by 18.0% and 14.1%,
respectively, compared to the average rainfall of
49.8 mm for this period

That is, at a high level of wetting of gray
forest soils (precipitation, irrigation), a decrease
in the accumulation of Pb, Cd, Zn, and Cu in
spring barley grains was observed, regardless of
the variety.

CONCLUSIONS

According to the research results, a lower
coefficient of accumulation of Pb, Cd, Zn and
Cu in spring barley grains was established at
a high level of soil moisture in the period of
germination — earing compared to a low level
of moisture. In the grain of the Helios variety,
the coefficient of accumulation of Pb, Cd, and
Cu was lower for the high level of moisture in
the two years of the study by an average of 8.3%,
35%, and 16.6% compared to the option of low
soil moisture. In the spring barley grains of the
Caesar variety, the accumulation coefficient at
a high level of soil moisture decreased for Pb
by 11.3%, Zn — by 15.1%, Cd — by 35.5%, and
Cu — by 11.2% compared to the option of low
soil moistening. The decrease in the coefficient
of accumulation of heavy metals contributed to
a certain decrease in the concentration of these
elements in the spring barley grains of the Helios
and Caesar varieties. Along with this, at a high
level of soil moisture, there was a decrease in
the yield of spring barley of the Helios variety
by 18.0%, and of the Caesar variety by 14.1%,
compared to a low level of soil moisture in the
growing season of germination — earing.

REFERENCES

1. Balali-Mood M., Naseri K., Tahergorabi Z., Khaz-
dair MR., Sadeghi M. 2021. Toxic Mechanisms of
Five Heavy Metals: Mercury, Lead, Chromium,

Cadmium, and Arsenic. Front Pharmacol, 12,
643972. https://doi:10.3389/fphar.2021.643972

2. Bonecke E., Breitsameter L., Briiggemann N., et
al. 2020. Decoupling of impact factors reveals the
response of German winter wheat yields to climatic
changes. Glob Chang Biol., 26(6), 3601-3626.
https://doi:10.1111/gcb.15073

3. FuZ., XiS. 2020. The effects of heavy metals on
human metabolism. Toxicol Mech Methods, 30(3),
167-176. https://doi:10.1080/15376516.2019.170
1594

4. Goncharova L.D., Prokofiev O.M., Reshetchenko
S.I., Chernichenko A.V. 2021. Influence of
atmospheric macroprocesses on the spatial
distribution of spring precipitation within the territory
of Ukraine. Ukrainian hydrometeorological journal,
27,5-15. https://doi:10.31481/uhm;.27.2021.01. (in
Ukrainian)

5. GOST 30178-96. 2010. Raw material and food-
stuffs. Atomic absorption method for determination
of toxic elements, 10. (in Ukrainian)

6. Gudzenko V., Vasylkivsky S. 2016. Spring barley
yielding capacity depending on hydrothermal
conditions of cropping season in the Central
Foreststeppe of Ukraine. Agrobiology, 2, 11-17.
(in Ukrainian)

7. Lotysh O. 2018. Strategic analysis of the grain
industry of Ukraine: status and prospects of
development. Intellect XXI, 3, 74—79. (in Ukrainian)

8. Maidanovych N. 2020. How climate change can
influence the agriculture in Ukraine: a review.
Technical and technological aspects of development
and testing of new machinery and technologies for
agriculture in Ukraine, 27(41), 162—175. https://
doi:10.31473/2305-5987-2020-2-27(41)-15 (in
Ukrainian)

9. Panfilova A., Mohylnytska A., Gamayunova V.,
Fedorchuk M., Drobitko A., Tyshchenko S. 2020.
Modeling the impact of weather and climatic con-
ditions and nutrition variants on the yield of spring
barley varieties (Hordeum vulgare L.). Agron-
omy Research, 18(S2), 1388—1403. https://doi.
org/10.15159/AR.20.159

10.Pinke Z., Decsi B., Jambor A., et al. 2022.
Climate change and modernization drive structural
realignments in European grain production.
Sci Rep., 12(1), 7374. https://doi:10.1038/
s41598-022-10670-6

11. Razanov S., Husak O., Polishchuk M., Bakhmat
0., Koruniak O., Symochko L., Ovcharuk I. 2022.
Accumulation peculiarities of heavy metals in ce-
real crops grains of different vegetation period in
conditions of the forest steppe of the right bank
of Ukraine. International Journal of Ecosystems
and Ecology Science (IJEES), 12(3), 43-50. (in
Ukrainian)

12.Razanov S.F., Tkachuk O.P., Bakhmat O.M., Ra-
zanova A.M. 2020. Reducing danger of heavy

291



Journal of Ecological Engineering 2023, 24(7), 285-292

metals accumulation in winter wheat grain which is
grown after leguminous perennial precursor. Ukrai-
nian Journal of Ecology, 10(1), 254-260. https://
doi:10.15421/2020 40. (in Ukrainian)

13.Rehman K., Fatima F., Waheed 1., Akash MSH.
2018. Prevalence of exposure of heavy metals
and their impact on health consequences. J Cell
Biochem, 119(1), 157-184. https://doi:10.1002/
jcb.26234

14. Selyaninov G.T. 1937. Methods of Agricultural
Characteristic of Climate. World Agroclimatic
Reference Book L, 5-27.

15. Semerhei-Chumachenko A.B., Slobodianyk K.L.
2020. Spatial-temporal distribution of heavy
precipitation over Ukraine during 1979-2019
according to the ERAS reanalysis. Ukrainian
hydrometeorological journal, 26, 50-59. https://
doi:10.31481/uhmj.26.2020.04 (in Ukrainian)

16. Tkachuk O.P., YAkovets L.A. 2016. Features
of contamination of grain-growing products
heavy metals in the conditions of Vinnytsya area.
Agriculture and forestry, 4, 179—186. (in Ukrainian)

17. Voitovska V., Rassadina 1., Klymovych N.,
Tretiakova S. 2021. Accumulation of heavy metals

292

in the grain of spring barley (Hordeum sativum)
as affected by varietal characteristics and duration
of storage. Scientific Papers of the Institute of
Bioenergy Crops and Sugar Beet, 29, 62-71.
https://doi.org/10.47414/np.29.2021.244425. (in
Ukrainian)

18. Wang S., Wu W, Liu F., Liao R., Hu Y. 2017.
Accumulation of heavy metals in soil-crop systems:
a review for wheat and corn. Environ Sci Pollut
Res Int., 24(18), 15209-15225. https://doi: 10.1007/
s11356-017-8909-5

19. Zahra N., Hafeez MB., Wahid A., et al. 2023. Impact
of climate change on wheat grain composition and
quality. J Sci Food Agric., 103(6), 2745-2751.
https://doi:10.1002/jsfa.12289

20. Zhou M., Zheng S. 2022. Multi-Omics Uncover the
Mechanism of Wheat under Heavy Metal Stress.
Int J Mol Sci., 23(24), 15968. https://doi:10.3390/
jms232415968

21.Chukhlib A. 2020. Methodical instruments of
analysis and forecasting of grain production.
International scientific journal. Internauka, 12(44),
1, 139-143. https://doi:10.25313/2520-2294-2020-
12-6725. (in Ukrainian)



