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Abstract—Long-term field studies of the effect of presowing seed treatment of spring wheat (Triticum aes-
tivum L.) with XeCl-excilamp UVB radiation on sowing qualities of seeds and plant productivity have been
carried out. The features of morphogenesis at various stages of growth and development of wheat plants have
been determined. A subdose of exposure has been identified that increases the crop yield. The studies prove
the prospects of introducing UVB treatment into the pool of modern agricultural technologies.
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INTRODUCTION
It is known that the effect of one or another stressor

on biological objects depends significantly both on the
object itself and on the nature and dose of the acting
factor. Moreover, the dose dependence of the effect is
nonmonotonic. This was first noticed by Chekhov and
Zamaraeva [1], who exposed plant (wheat, legumes,
barley) seeds to X-ray radiation and found that when
the dose is reduced to moderate values (the so-called
subdose), the unfavorable physical factor, on the con-
trary, has a stimulating effect on the plants. Subse-
quently, this phenomenon, caused by the action of any
stressor, was called hormesis [2]. Currently, hormesis
is interpreted as a biphasic dose–effect relationship, in
which subdoses of the active factor have a stimulating
(positive) effect on the biological object and high
doses of the factor have an inhibitory effect [3]. At
present, the term “priming” or chilling is also used to
refer to this phenomenon [4].

Hormesis manifests itself through both chemical
and physical factors of influence [5]. In our experi-
ment, we will consider the hormesis phenomenon for
the case when the acting factor is ultraviolet B radia-
tion (290 < λ < 320 nm) or UVB radiation. In the total
radiant f lux, its share under natural conditions of solar
illumination of the Earth’s surface is no more than
1.5% [6]. In fact, this means that planet surfaces
receive a subdose of UVB radiation, having made the
basis of E.A. Sosnin’s hypothesis formulated in 2003
that such an impact can be effective for the develop-
ment of plants. Subsequent testing of the hypothesis

on various crops confirmed its validity both for seeds
of various crops (f lax, cucumbers, wheat, lettuce) and
for seedlings and cuttings (grapes, apple, cedar) of
plants [7–11].

Previously, we reported on the data obtained in the
previous stages of research [9]. In this paper, we sum-
marize the results of the final cycle of field research on
the impact of UVB radiation on wheat productivity,
which will allow us to speak about reliable and repro-
ducible hormesis by UVB radiation subdoses.

EXPERIMENTAL
A field study to examine the effect of a single pre-

sowing treatment of seeds with low-dose UVB radia-
tion on the growth, development, and productivity of
wheat was conducted in the collection nursery of the
laboratory of agricultural plants on the territory of the
educational-and-experimental site of the Siberian
Botanic Garden at the Tomsk State University
(Tomsk). According to long-term observations, the
climate of the Tomsk oblast is sharply continental,
with humid, moderately warm summers and long,
cold, snowy winters. It is characterized by late spring
and early autumn frosts, limiting the already short veg-
etation period of plants. The weather conditions of the
growing season in 2022 are characterized as moder-
ately humid and moderately warm. The sum of active
temperatures above +10°C from May to September is
2032.4°C, the sum of precipitation for this period is
278.9 mm. The Selyaninov hydrothermal coefficient
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Table 1. Effect of UVB radiation on wheat grain yield by
years

The asterisk * marks significant differences at p ≤ 0.05.

Year
Grain yield, g/m2

control 0.5 J/cm2 % to control

2019 329.58 ± 8.44 363.18 ± 8.06* 110

2020 245.61 ± 6.28 258.31 ± 10.57 105

2021 440.67 ± 38.75 496.11 ± 10.92* 112

2022 249.44 ± 10.42 298.02 ± 7.84* 119
(HTC) was 1.38, which characterizes the growing sea-
son as moderately humid and moderately warm [12].

The object of the study was seeds of soft spring
wheat (Triticum aestivum L.) cv. Iren. Before sowing,
the seeds were treated once with XeCl excilamp
(model BD_P) for 120 and 60 s, which corresponded
to energy f luences (doses) of 0.5 and 0.25 J/cm2. An
excilamp based on working XeCl* molecules was
developed at the Laboratory of Optical Radiation of
the Institute of High Current Electronics, Siberian
Branch of the Russian Academy of Sciences (Tomsk)
and provided an intense emission band in the wave-
length range λ ~ 290–320 nm with an emission maxi-
mum at λ = 308 nm and a band width at half maxi-
mum of Δλ1/2 = 1.9 nm [13]. Seeds that were not
exposed to UV radiation were the control. The seeding
rate was 600 pieces/m2. For each variant, plots with an
area of 1 m2 were laid in 4 repetitions. Observations on
the growth and development of plants were carried out
throughout the entire growing season from germina-
tion to full maturity (ripeness).

To assess the influence of UV radiation on the
plant vegetation processes, morphometric parameters
(plant height and weight of the aerial part) were evalu-
ated for all samples. The area of wheat leaves was
determined from the linear dimensions of the leaf
multiplied by the correction factor (for wheat, 0.67)
[14]. To determine the dry weight, the seedlings were
dried in an oven at 70°C to constant weight. The spe-
cific leaf area (SLA) was calculated as the ratio of the
dry weight of leaves to their area. Grain quality was
determined on an Infralum FT-10 infrared spectro-
photometer (Russia).

RESULTS AND DISCUSSION
The conducted long-term studies have shown that

presowing treatment of seeds with UVB radiation has
a positive effect on the yield of wheat grain, which is
the main indicator of plant productivity. Meteorolog-
ical conditions over the years of the study were differ-
ent in terms of temperature regime and soil moisture
content, which made it possible to comprehensively
study the effect of UV radiation subdoses. Analysis of
the data for four years of testing showed that the grain
yield at a dose of 0.5 J/cm2 exceeded the control from
5 to 19% (Table 1).

In market conditions, it is important to obtain high
yields in combination with grain quality. Main quality
indicators are protein, which determines the nutri-
tional value of grain, and gluten, which determines the
baking quality of f lour by its content. According to
published data, environmental factors, growing season
conditions, and hereditary characteristics of varieties,
as well as the interaction between them, are known
have a significant impact on grain quality [15]. Our
studies have shown that seed treatment with UV radi-
ation did not affect the quality of wheat grain. The
protein and gluten content in different years of field
studies did not significantly differ from the control and
varied from 12 to 15% (protein) and from 22 to 29%
(gluten).

Further studies were aimed at examining and com-
paring the effect of even lower doses of UVB radiation
on the potential productivity of wheat in terms of mor-
phometric parameters. A kind of relationship was
revealed in our earlier study [16] on the effect of low
doses of X-ray irradiation in pulse-periodic mode on
seed quality and wheat productivity. So, having
reduced the UV radiation dose by half (to 0.25 J/cm2),
we observed an increase in both the plant height and
the mass of the aerial part, which were greater than the
control almost throughout the entire growing season,
the maximum values of the aerial part mass in the
flowering phase exceeded the control by 34% (Fig. 1).
The accumulation of biomass in the f lowering phase
was mainly due to the growth of stems and ears. In the
experimental variant of 0.5 J/cm2, an increase in plant
height was also noted in the booting and heading
phases, and the above-ground mass exceeded the con-
trol at all stages of ontogenesis.

In the plant world, the individual size and mass
growth rate of individual plants correlate more closely
with the area of leaves than with the intensity of their
functioning [17]. Figure 2a shows how the area of the
leaves increases proportionally to the aerial part
(Fig. 1b), the highest values are noted in the booting
phase, then, due to the death of the lower leaves, the
total area of the assimilating plant surface decreases.
Thus, a tendency to an increase in the leaf area was
noted for the 0.5 J/cm2 variant in the booting phase
and the leaf area in the f lowering phase exceeded the
control by 36% in the 0.25 J/cm2 variant.

An important parameter of the leaf apparatus,
which characterizes the vital activity of plants, is the
leaf mass per area (LMA). Some morphological
parameters of leaves are closely related to the intensity
of photosynthesis and LMA. It was found that LMA
HIGH ENERGY CHEMISTRY  Vol. 57  No. 4  2023
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Fig. 1. Influence of the XeCl-excilamp fluence on the (a) plant height and (b) wet weight of the aerial part of wheat. *Significant
differences between control and experiment at p ≤ 0.05. 
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Fig. 2. Influence of the XeCl-excilamp fluence on (a) the leaf surface area and (b) LMA of wheat (2022). *Significant differences
between control and experiment at p ≤ 0.05. 
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values in the booting and heading phases in all variants
were similar and increased during ontogenesis; in the
flowering phase, the values were 7.1 and 7.4 mg/cm2

for the control and the 0.5 J/cm2 variant, respectively,
and LMA decreased to 5.49 mg/cm2 in the 0.25 J/cm2

variant (Fig. 2b). It is believed that in plants with a low
LMA, with a thinner leaf, photosynthesis is more effi-
cient due to a decrease in the consumption of light
energy for leaf formation and its loss [18].

Field studies in 2022 showed that the grain yield in
the experimental variants of 0.25 and 0.5 J/cm2 was
289.1 and 298.0 g/m2, exceeding the control values by
15.9 and 19.5%, respectively, while grain quality did
not decrease: the protein content in all variants was
15%, and the gluten content changed insignificantly,
from 28.8 to 29.8% (Fig. 3).

Thus, the presowing treatment of wheat seeds with
UVB radiation had a stimulating effect on the mor-
phogenesis and productivity of wheat plants cv. Iren.
Switching to lower radiation doses (0.25 J/cm2) inten-
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sifies the development of plants and does not reduce
crop yields (within the measurement error). From a
scientific point of view, the facts revealed confirm the
phenomenon of hormesis in our case. On the practical
side, these facts should be taken into account when
designing equipment for presowing seed treatment.

CONCLUSIONS

The results of this work confirmed the possibility
that low doses of ultraviolet B radiation of a XeCl
excilamp have a stimulating effect on wheat seeds.
Single treatment of seeds with subdoses of 0.25 and
0.5 J/cm2 enhanced morphometric parameters, such
as plant height, the mass of aerial parts, and the area of
the assimilating leaf surface. The yield of wheat under
the influence of subdoses of UVB irradiation over four
years of field research increased on average by 11.5%
without decline in grain quality.
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Fig. 3. Effect of UVB radiation on the yield and quality of wheat grain, 2022. *Significant differences between control and exper-
iment at p ≤ 0.05. 
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