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Effect of UV-C radiation on basic indices of growth process 
of winter wheat (Triticum aestivum L.) seeds in pre-sowing 
treatment

Abstract: An investigation of the effects of UV-C radia-
tion from source having the power of 20 W on improvement of 
seed quality of Ukrainian winter wheat (Triticum aestivum L.) 
six cultivars: ‘Gratsіia Myronivska’, ‘Trudivnytsia Myronivska’, 
‘Vezha Myronivska’, ‘Mudrist Odeska’, ‘Nyva Odeska’ and ‘Lira 
Odeska’, has been done. In the performed experiment the UV-C 
irradiation in the range of 50-1000 J m-2 was applied. Based on 
the experimental results it is concluded that irradiation of UV-C 
on wheat seeds stimulated the seed vigour and germination. It 
has been established the optimal irradiation dose of UV-C radi-
ation - 250 J m-2 for ‘Trudіvnitsia Myronіvska’, ‘Mudrіst Odeska’, 
‘Nyva Odeska’, ‘Lіra Odeska’ cultivars and 500 J m-2 for ‘Hratsіia 
Myronіvska’ and ‘Vezha Myronіvska’ cultivars, which leads 
to maximum effect. The highest biometric indices of seedling 
structural elements were obtained from the seeds of all wheat 
cultivars, for which the values of seed vigour and germination 
were also maximum ones, i.e. at the same irradiation dose.

Key words: seed vigour; germination; UV-C radiation; 
biometric indices; exposure dose

Učinki predsetvenega UV-C obsevanja semen ozimne pšenice 
(Triticum aestivum L.) na osnovne indekse rasti

Izvleček: V raziskavi so bili preučevani učinki UV-C ob-
sevanja, moči 20 W, na izboljšanje kakovosti semen sedmih 
sort ukrajinske ozimne pšenice Triticum aestivum‘Gratsіia 
Myronivska’, ‘Trudivnytsia Myronivska’, ‘Vezha Myroni-
vska’, ‘Mudrist Odeska’, ‘Nyva Odeska’ and ‘Lira Odeska’. 
V poskusu je bilo uporabljeno UV-C sevanje jakosti od 50 do 
1000 J m-2. Rezultati so pokazali, da je UV-C sevanje pospe-
šilo vigor pšeničnih semen in njihovo kalitev. Optimalne doze 
UV-C sevanja so bile za ‘Trudіvnitsia Myronіvska’, ‘Mudrіst 
Odeska’, ‘Nyva Odeska’, ‘Lіra Odeska’ 250 J m-2 in 500 J m-2 
za ‘Hratsіia Myronіvska’ in ‘Vezha Myronіvska’. Največje vre-
dnosti biometričnih indeksov strukturnih elementov sejank so 
bile za vse sorte pšenice dosežene pri isti dozi obsevanja kot 
maksimalne vrednosti vigorja semen in kalitve

Ključne besede: vigor semen; kalitev; UV-C sevanje; bi-
ometrični indeksi; izpostavitvena doza
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1	 INTRODUCTION

In the context of seed technology, using physical 
methods to increase crop productivity has significant ad-
vantages in comparison with traditional methods of seed 
treatment based on chemical compounds (Araújo et al., 
2016). Anthropogenic changes of soil, water, and atmos-
phere as a result of using various chemical additives to 
increase plant capacity causes searching of the alterna-
tive safe methods to increase yields. Such methods en-
visage the reducing of application of chemical substances 
or their replacement by physical methods. Among the 
physical methods used for pre-sowing seed treatment, 
the following ones are studied most of all: magnetic field, 
gamma rays, and UV radiation (Govindaraj et al., 2017; 
Surjadinata et al., 2017). The effectiveness of pre-sowing 
seeds treatment with electroozonation was proved (Nor-
mov et al., 2019).

The results of numerous studies confirm the possi-
bility of magnetic field application for pre-sowing treat-
ment and improving the quality of cereal seeds and in 
the bean (Balakhnina et al., 2015; Mroczek-Zdyrska et 
al., 2016; Lazim & Nasur, 2017). There are many hypoth-
eses explaining the action of magnetic fields on seeds 
and plants, but they are selective. Therefore, the studies 
to determine the possibility of applying an alternating 
magnetic field as a factor affecting seed material quality 
improvement are being continued at present (Pietrusze-
wski & Kania, 2010; Rochalska et al., 2011).

The biological effect of gamma radiation on the 
main components of wheat cells was studied in Ahmed 
et al. (2017) and Nazarenko & Izhboldin (2017). It has 
been established that treatment with gamma radiation 
leads to changes in the cell structure and cell membrane, 
photosynthesis, causes the modulation of anti-oxidative 
system and contributes to the accumulation of phenolic 
compounds. This effect depends on the radiation dose. 

During the previous two decades, a considerable 
number of experimental papers have been devoted to the 
study of biological effects and mechanisms of UV radia-
tion influence on plants (Semenov et al., 2017; Kondrat-
eva et al., 2019; Pournavab et al., 2019). There are three 
potential targets for UV radiation in plant cells: genetic 
system, photosynthetic system, and membrane lipids. 
These changes ultimately lead to decreased biomass pro-
duction and grain yield. The studies of ultraviolet radia-
tion, its doses and other environmental conditions’ ef-
fect on photosynthesis are of greatest interest (Wenke & 
Qichang, 2012; Sugimoto, 2013). 

It should be noted that the effect of UV radiation on 
the biology of seeds and their germination is not well un-
derstood (Rupiasih & Vidyasagar, 2016). It is known, that 
seeds react to UV radiation, both as on wave length pre-

sent in the sunlight (UV-A and UV-B), and wave length 
below 280 nm (UV-C). But, at present, there is still not 
enough information about the possible application of 
UV-C radiation as a stimulating seed treatment. 

The stimulating effect of UV-A radiation on legume 
(Vigna radiata L.) seeds is described in (Hamid & Jawaid, 
2011). It is mentioned here that pre-treatment of seed 
with UV-A (366 nm) radiation improves the germina-
tion rate, specific leaf area, dry mass, length of roots and 
shoots as compare to UV-C (254 nm) exposed seed. It is 
one of the few studies on positive effect of UV-A radia-
tion. 

Ultraviolet-B (UV-B) radiation has long been per-
ceived as a stressor. Oxidative stress is flagged as a key 
factor in such UV-B exposure. Measurements of antioxi-
dants and antioxidant genes show that both low and high 
doses of UV-B radiation change reactive oxygen species 
(ROS) metabolism. The elevated level of UV-B radiation 
can cause a deterioration of seed quality, in particular, 
contribute to a decrease in protein content, and the to-
tal amount of free amino acids (Choudhary & Agrawal, 
2014). The authors connect the reduction of protein con-
tent with ROS generation, which causes protein oxidative 
damage. Another reason of seed quality degradation can 
be the modification and destruction of amino acids un-
der the influence of UV radiation (Peykarestan & Seify, 
2012). The obtained results of growth parameters were 
inversely related to the irradiation doses.

Despite the damaging potential of UV-B photons, 
which limits photosynthesis and plant growth (Hideg et 
al., 2013; Choudhary & Agrawal, 2014) it becomes more 
evident that UV damage is probably the exception than 
the rule. Thus, the damaging effect of UV-B radiation has 
now been considered rare. The positive effects of UV-B 
radiation cover such important areas as stimulation of 
secondary metabolism, natural means of plant protec-
tion, phyto-reagent production and many others (Bal-
laré et al., 2011). However, as a rule, UV-B radiation is 
effective only when it lasts for a sufficiently long period 
of time, usually for several hours or days.

Numerous studies indicate the positive influence of 
UV-C on seed health, germination and seedling strength 
of various crops, and also on physiological and biochem-
ical processes in seeds and plants depends on radiation 
dose (Ouhibi, 2014; Badridze et al., 2016; Castronuovo 
et al., 2017; Semenov et al., 2018a; Semenov et al., 2018b; 
Gandhi et al., 2019; Sadeghianfar et al., 2019). But, de-
spite extensive experimental material, fundamental and 
applied researches are still necessary to determine the 
optimal irradiation dose, exposure time, depending on 
plant cultivars and the environment (temperature, hu-
midity). 

The aim of this study is to examine the effects of the 
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pre-sowing seed treatment of winter wheat (Triticum aes-
tivum L.) with different doses of UV-C radiation (from 
50 to 1000 J m-2) on the basic parameters of seed quality: 
seed vigour and germination as well as growth param-
eters like length of seedlings shoots and roots.

2	 MATERIALS AND METHODS

Three winter wheat (Triticum aestivum L.) cul-
tivars from 2018 harvest, ‘Gratsіia Myronіvska’ (1), 
‘Trudіvnitsia Myronіvska’ (2) and ‘Vezha Myronіvska’ 
(3), were supplied by the V. M. Remeslo Myronivka In-
stitute of wheat National Academy of Agrarian Sciences 
of Ukraine. Three winter wheat cultivars from 2018 har-
vest, ‘Mudrіst Odeska’ (4), ‘Nyva Odeska’ (5) and ‘Lіra 
Odeska’ (6), were supplied by the Plant Breeding and Ge-
netics Institute - National Center of Seed and Cultivar 
Investigation, National Academy of Agrarian Sciences of 
Ukraine. Experimental studies were carried out in Grain 
Quality Laboratory of Poltava State Agrarian Academy 
during 2019.

The seed material was split into two groups: the con-
trol and experimental (UV-C). Control seeds were not 
irradiated. The sample of each cultivar consisted of 100 
seeds. The UV lamp of ZW20D15W type (Semenov et al., 
2015), 20 W power was used as irradiation source. The in-
tensity of energy irradiation at a distance of 1 m reached 
62–69 W cm-2. The measurements of UV-C radiation 
dose were conducted with the radiometer “Tensor-31” in 
the range of 200-280 nm (Tensor LLC, Ukraine) using 
the technique (Semenov et al., 2019). 

The seeds of each winter wheat cultivar (100 seeds in 
quadruple repetitions), including control samples, were 
placed in a plastic tray on filter paper moistened with 
distilled water and kept at a temperature of 7 ± 2 °C for 1 
day. Seeds were placed in tray at a distance of 0.5 cm from 
each other. Then the cooled samples (except the control 
ones) were irradiated with UV-C doses of 50-1000 J m-2 
with the step of 50 J m-2. The seeds in a single layer were 
UV-C irradiated on a grid with a cell diameter of 2 mm. 
The distance between lamps and samples was 25 cm. Ir-
radiation was carried out simultaneously from above and 
below. By varying of exposure time and distance to the 
UV source the necessary radiation dose was created.

The seed samples irradiated with different UV-C ra-
diation doses and the control samples were germinated 
at air temperature of 24 ± 2 °C with the light period of 
12/12 h for 14 days. 

The seed vigour was determined on day 4, and the 
germination (the number of seeds that gave normal seed-
lings in % of 100 seeds) was determined on day 8. As the 
normal seedlings were considered seedlings with root 

equal to or more than the length of a seed, and with shoot 
equal to half of seed length (ISTA, 2017). Further on, the 
indices of seeds irradiated with different UV-C radiation 
doses were compared with the non-irradiated control 
samples. After 14 days of the experiment biometric mea-
surement were conducted. The basic growth parameters 
such as the average root and seedling lengths were mea-
sured with 0.1 cm precision. Biometric measurements 
were performed in quadruple repetitions for selected 30 
seeds at the same physiological age.

The data obtained from the germination and seed 
vigor laboratory tests were analyzed with the Statistica 
10.0 software, where a completely randomized scheme 
was applied with a bi-factorial arrangement: Factor 1 
consisted of the six wheat seeds cultivars, and Factor 2 
consisted of the five radiation doses with triplicate rep-
etitions. The statistical data processing was carried out 
to determine whether there was a significant difference 
between the means of the treatments. Experimental data 
was also statistically analyzed for the analysis of variation 
(ANOVA) and least significant difference (LSD).

3	 RESULTS AND DISCUSSION

The reaction of six winter wheat cultivars to different 
doses of UV-C radiation, showed the stimulating effect of 
this method of seed treatment. The obtained results of 
seed vigour and germination are presented graphically in 
Figures 1 and 2.

As can be seen from Figure 1, seed vigour of ‘Gratsіia 
Myronіvska’ and ‘Vezha Myronіvska’ cultivars, as a result 
of 500 J m-2 exposure dose, increased by 37 % and 31 %, 
respectively, compared to the control samples. The UV-C 
irradiation wheat seeds by a higher dose of 1000 J m-2 re-
sulted in decrease of seed vigour to 21-25 % as compared 
with the seed vigour at irradiation dose of 500 J m-2 and 
to 17-18 % at irradiation dose of 250 J m-2. It should be 
noted that at seed treatment of ‘Gratsіia Myronіvska’ and 
‘Vezha Myronіvska’ cultivars with a dose of 1000 J m-2 

the number of germinated samples remains at the control 
level (70 %) taking into account measurement accuracy. 
This fact indicates a decrease in effectiveness of high ra-
diation doses impact on the seed vigor of these cultivars 
in comparison with lower radiation doses.

The highest value of seed vigour in ‘Trudіvnitsia 
Myronіvska’, ‘Mudrіst Odeska’, ‘Nyva Odeska’, ‘Lіra Odes-
ka’ cultivars was registered at a dose 250 J m-2. Compar-
ing seed vigour after treatment relative to the control one 
can notice an improvement of about 8 % for ‘Trudіvnitsia 
Myronіvska’ cultivar, and of about 30-37 % for ‘Mudrіst 
Odeska’, ‘Nyva Odeska’ and ‘Lіra Odeska’ cultivars. In-
creasing of the irradiation dose to 500 J m-2 resulted in 
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decrease of seed vigour to 15-31 % as compared with 
the control. As a result of exposure to a higher dose of 
1000 J m-2, the seed vigour of ‘Trudіvnitsia Myronіvska’, 
‘Mudrіst Odeska’ and ‘Nyva Odeska’ cultivars decreased 
compared with control by 27-44 % and of ‘Lіra Odeska’ 
cultivar by 12 %.

Thus, the obtained results confirm that applying 
UV-C irradiation with doses of 500-1000 J m-2 for pre-
sowing seed treatment of ‘Gratsіia Myronіvska’ and 
‘Vezha Myronіvska’ cultivars, and a dose of 1000 J m-2 

for ‘Trudіvnitsia Myronіvska’, ‘Mudrіst Odeska’, ‘Nyva 
Odeska’ and ‘Lіra Odeska’ cultivars will definitely have 
worsened effect on the sowing qualities of the studied 
wheat cultivars’ seeds.

The magnitude of seed vigour correlates well with 
germination, which is of interest for present research. 
The stimulating effect of UV irradiation was found for all 
wheat seed cultivars including those with low germina-
tion in control: for ‘Nyva Odeska’ and ‘Lіra Odeska’ cul-

tivars the control germination amounted of about 64 % 
and 69 %, respectively (Figure 1, 2). 

As a result of UV treatment with a dose 250 J m-2, 
germination of ‘Nyva Odeska’ cultivar increased by 30 % 
and amounted to 83.3 %, and germination of ‘Lіra Odes-
ka’ cultivar increased by 27 % and amounted to 88 %. It 
should be noted that the germination of ‘Nyva Odeska’ 
cultivar after treatment of 500 J m-2 practically did not 
change as compared with the control and amounted 
63 %. The maximum germination of 98 % among all test-
ed cultivars was registered for seeds of ‘Mudrіst Odeska’ 
cultivar for irradiation dose of 250 J m-2. The irradiation 
of seeds this cultivar by a dose 250 J m-2 led to an increase 
in germination on 38 % as compared to control seeds.

Weak effect of UV radiation was observed for seeds 
of ‘Trudіvnitsia Myronіvska’ cultivar at irradiation doses 
of a smaller range from 50 to 200 J m-2. Only as a result 
of seed treating by dose of 250 J m-2 the germination in-
crease by 10.7 % was observed.

Figure 1: The effect of different dose of UV-C treatment on seed vigour of winter wheat seeds

Figure 2: Effect of pre-sowing wheat seed treatment with different dose of UV-C radiation on germination
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The seeds of ‘Gratsіia Myronіvska’ and ‘Vezha 
Myronіvska’ cultivars turned out to be the most sensitive 
to UV-C of 500 J m-2 exposure doses as in determining 
seed vigour. Germination of these cultivars after treat-
ment increased by 31.1 % and 21.1 %, respectively, com-
pared with the control.

With increasing radiation dose to 1000 J m-2 there 
was a decrease of germination by 6-13 % for ‘Mudrіst 
Odeska’, ‘Nyva Odeska’ and ‘Lіra Odeska’ cultivars (Fig-
ure 2). At such radiation dose, the lowest germination 
of ‘Trudіvnitsia Myronіvska’ cultivar seeds (about 45 %) 
was registered, which on 40 % lower the germination of 
the control sample (75 %). This is the lowest index of ger-
mination for all the tested cultivars obtained as a result 
UV-C radiation treatment.

It can be determined from the established depen-
dence of seed vigor and germination on UV-C radiation 
dose (Figure 1, 2) that the optimal dose for pre-sowing 
seed treatment of the ‘Trudіvnitsia Myronіvska’, ‘Mudrіst 
Odeska’, ‘Nyva Odeska’, ‘Lіra Odeska’ cultivars is 250 J 
m-2 and 500 J m-2 for ‘Hratsіia Myronіvska’ and ‘Vezha 
Myronіvska’ cultivars. As a result of seed treated with 
optimal doses the seed vigor and germination are the 
highest. Our results confirm the data from the study by 
Tertyshnaya et al. (2018) on examining the impact of 
UV-B radiation (365 nm) on seed germination of spring 
and winter wheat. The authors have shown that wheat 
germination ‘Moskovskaya 39’ (67 %), ‘Yubileynaya 
100’ (92 %), ‘Dar’ya’ (98 %) and ‘Afina’ (99 %) cultivars 
increased by 1-3 % as a result of seed treatment. Insig-
nificant germination increases as compared to our results 
can be explained by the difference in wavelength of UV-B 
and UV-C ranges, and as a consequence, different irra-
diation efficiencies.

A significant increase in germination by 38 % at 
the established optimal radiation dose of 250 J m-2 ob-
tained in present study (the investigated range is 50-1000 
J m-2) is in consistent with results observed in Rupiasih 
& Vidyasagar (2016), where the influence of different pe-
riod of exposure (30, 60, 90, 120 and 180 minutes) using 

a UV-С source from Pride (240 V, 50 Hz; 20 W) on the ef-
fectiveness of wheat seeds germination has been studied. 
The results showed that there is no direct dependence be-
tween the exposure periods and seed germination. Max-
imum germination of 96.7 % was recorded at 180 min 
UV-C irradiation treatment, and it was low (83.3 %) at 60 
min UV-C treatment that is equal to control. At the same 
time, the minimum germination of 67 % was recorded at 
120 min treatment (Rupiasih & Vidyasagar, 2016).

The similar dependence was also observed for seeds 
of other crops, as shown in study by Siddiqui et al. (2011). 
An experiment was conducted on seeds of mung bean 
(Vigna radiata (L.) Wilczek and groundnut (Arachis hy-
pogaea L.) exposed to ultraviolet (UV-C < 280 nm) radia-
tions for 0, 5, 10, 15, 20, 30 and 60 minutes’ period. As 
a result, the optimal exposure time leading to the seed 
stimulation of these crops was determined. UV-C expo-
sure seed for 30 min period gave significant result in in-
crement of germination of mung bean (up to 100 %) and 
groundnut (up to 86.66 %).

According to the results of multi-factor analysis of 
variance (Factorial ANOVA) it has been revealed that 
cultivars properties play an important role in genotype 
reaction on irradiation factor in determining seed vigor 
(LSD05 = 2.0%). The value of least significant difference 
(LSD05) was 4.5 % for factor interaction and 5.0 % for the 
index of seed laboratory germination.

Thus, it was found that 28 % of the total seed vigor 
variation is explained by cultivar properties, and 67 % 
due to the radiation dose. For germination indices, these 
values were almost the same, namely 46 % of the total 
germination variation was stipulated by cultivar charac-
teristics, and 47 % – by radiation dose.

The analysis of variance (Table 1) showed that wheat 
cultivar characteristics play a much smaller role for seed 
vigor as compared with germination.

The value of F criterion in calculating seed vigor for 
the cultivar factor and for the radiation dose factor was 
117.38 and 285.36 respectively. The value of germination 
depended on cultivar characteristics and irradiation dose 

Effect
Univariate tests of significance for seed vigour/germination, %
SS Degree of freedom MS F p

Intercept 551265,3 / 646197,4 1 551265,3 / 646197,4 76920,74/76023,22 0,00
Cultivar 4206,0 / 5308,3 5 841,2 / 1061,7 117,38 / 124,90 0,00
Dose, J m-2 10225,4 / 5516,1 5 2045,1 / 1103,2 285,36 / 129,79 0,00
Cultivar* Dose, J m-2 4081,2 / 4014,3 25 163,2 / 160,6 22,78 / 18,89 0,00
Error 516,0 / 612,0 72 7,2 / 8,5

Table 1: Result of the variance analysis to determine the seed vigour and germination

Note: The table shows the main results of the analysis: Sum-of-Squares (SS), Mean Squares (MS), Degree of freedom, value of F criterion (F), sig-
nificance levels (p).
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almost equally – the interaction of factors at the effect on 
both indicators was F = 124.90 and 129.79 at p < 0.01.

It was also established that with an increase in radia-
tion dose, the correlation value between the seed vigor 
and germination increase from r = 0.74 for the control 
samples to r = 0.88 at radiation dose of 500 J m-2. Lat-
er this correlation weakened. Thus, it was statistically 
founded there is an average and weak inverse correlation 
between the indicators of seed vigour and germination 
and radiation doses.

The regression equation is presented in Figure 3. 
The presence of such conformities indicates the probabil-
ity of the existence of another type of dependence. The 
analysis of the experimental results by non-linear regres-
sion method showed that for the irradiation factor, the 
graphical dependence has the parabola shape. Experi-
mental curves and theoretical equations of functions’ de-
pendence of seed vigor and germination on the radiation 

dose are given in Figure 4. The theoretical curves were 
selected in such a way that they reflected the obtained 
experimental dependence. In our case, the equations of 
the quadratic function are best superimposed on the ex-
perimental curves (parabolas of the form Y = b0 + b1X 
- b2X

2). The regression coefficients in this case are valid 
at p <0.01.

It was experimentally established that the highest 
values of seed vigor and germination for ‘Trudіvnitsia 
Myronіvska’, ‘Mudrіst Odeska’, ‘Nyva Odeska’ and ‘Lіra 
Odeska’ wheat cultivars were obtained at radiation dose 
of 250 J m-2 and for ‘Gratsіia Myronіvska’ and ‘Vezha 
Myronіvska’ cultivars – at radiation dose of 500 J m-2. 
However, theoretical calculations show that the im-
provement in seed vigor and germination indices can be 
achieved under applying 400-500 J m-2 doses.

Two weeks after sprouting, biometric evaluation 
of seedling structural elements was conducted. For this 

Figure 3: Seed vigour and germination regression plot from UV-C radiation dose

Figure 4: Experimental and theoretical curves dependence of seed vigour (1, 2) and germination (3, 4) of wheat seeds from dose 
UV-C treatment (1, 3 - theoretical curves; 2, 4 - experimental curves)
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purpose, 30 seedlings in quadruple repetitions were se-
lected carefully (without breaking the root system) from 
each of the trays and length of roots and the aboveground 
parts of plants were measured. The result of UV-C radia-
tion stimulating effect was the improvement of biometric 
indices in all the investigated cultivar seeds. The height 
of seedlings and length of root system depending on the 
dose and cultivar were not the same.

Significant effect of UV irradiation on development 
of the root system and aboveground part was observed in 
seeds treated with 250 J m-2 and 500 J m-2 doses of UV-C 
radiation, at which seed vigor and germination had max-
imum values. Length of root system in all wheat cultivars 
increased by 2.0–3.6 times on the average, and length of 
shoots increased by 2.0-3.4 times as a result of irradiation 
(Figure 5, 6). 

The maximum effect of UV-C radiation on root 
length and height of shoots was observed in seeds of 
‘Nyva Odeska’ cultivar. So, the length of seedlings roots 

exposed with 250 J m-2 dose 25 times exceeded length 
of roots of control samples (Figure 5, №5) and reached 
202 mm (Figure 5, №5-250), and the height of shoots in-
creased by 14.4 times and amounted to 55 mm (control 
samples – 3.8 mm) as shown at Figure 6. The obtained 
results correlate well with seed vigour and germination 
at dose of 250 J m-2. The values of seed vigour and germi-
nation after treatment compared with the control were 
founded higher of about 37 % and 30 %, respectively. 
The effect of UV-C irradiation (200-280 nm) on bio-
metric parameters of the wheat cultivars studied by us 
turned out to be more significant than that described in 
study Tertyshnaya et al. (2018). As it was established in 
our experiments, the length of seedlings roots of all the 
investigated seed cultivars increased by 2-3.6 times, and 
height of shoots – by 2.0-3.4 times, while the authors of 
study Tertyshnaya et al. (2018) observed increasing the 
root length of wheat seedlings treated with UV-B rays 
(365 nm) by only 26-60 %. The height of shoots obtained 

Figure 5: Effect of UV-C radiation on root length of wheat seeds at different exposure dose applied (LSD01 = 2.00 mm)

Figure 6: Effect of UV-C radiation on shoot length of wheat seeds at different exposure dose applied (LSD01 = 2.2 mm)
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from seeds treated with UV-B for 30 minutes increased 
as compared to control on 30 % in ‘Moskovskaya 39’ cul-
tivar, in ‘Yubileynaya 100’, ‘Dar’ya’ and ‘Afina’ cultivars 
– by only 3-5 %. Insignificant increases of the seedlings 
root length and shoot height as compared to our results 
can be explained by the difference irradiation efficiencies 
of the UV-B and UV-C ranges.

The effectiveness of UV-C ray pre-sowing treatment 
is shown on the example of mung bean and peanut seeds 
(Siddiqui et al., 2011), but the optimum exposure time 
affecting the root length of and seedling height was not 
determined by the authors. So, maximum shoot height 
of 22.38 сm compared with the control (13 cm) was ob-
served when seeds of mung bean were treated with UV-C 
for 15 minutes while root length was increased to 19.58 
cm (control - 10.53 cm) when seeds were treated for 30 
minutes. The increase in shoot length of groundnut seeds 
(6.83 cm vs. 4.91 cm in the control) was attained when 
seeds were treated with UV-C radiation for 60 minutes 
whereas maximum root length was observed in Siddiqui 
et al. (2011) when seeds were treated with UV-C for 30 
minutes (18.39 cm vs. 13.62 cm in the control).

Dose-dependent reaction of lettuce seeds treated 
with 0.82 kJ m-2 and 3.42 kJ m-2 of UV-C radiation dose 
was established Ouhibi et al. (2014). Seed irradiation 
with the lowest dose of 0.85 kJ m-2 contributed to increas-
ing length of roots and pre-serving dry mass under salin-
ity stress.

However, there are experimental studies indicated 
the negative effect of UV-C (254 nm) radiation at differ-
ent period of exposure for 30 and 60 min on seeds of var-
ious crops compared to untreated seeds (Lazim & Nasur, 
2017). So, at 60 min exposure time the lowest seedling 
length (11.09 cm) which reduced by (24.04 %) compared 
to control (14.6 cm) was observed. Significant effect in 
root length of sorghum seeds between all treatments pe-
riods was not found.

Thus, the obtained results enable to conclude that 
for different cultivar seeds there is an optimum amount 
of absorbed radiation energy leading to the maximum 
effect. These could be attributed to the difference in the 
structure of the seeds, physiological state, composition, 
and epidermis thickness of the seeds coat. 

4	 CONCLUSIONS

The present study shows that UV-C radiation may 
have a significant effect on the sowing properties of 
the tested winter wheat cultivars of Ukrainian selec-
tion. The optimal doses of UV-C radiation - 250 J m-2 
for ‘Trudіvnitsia Myronіvska’, ‘Mudrіst Odeska’, ‘Nyva 
Odeska’, ‘Lіra Odeska’ cultivars and 500 J m-2 for ‘Hratsіia 

Myronіvska’ and ‘Vezha Myronіvska’ cultivars were es-
tablished. Seed treatment with optimal radiation doses 
of all wheat cultivars contributed to the increase in seed 
vigour by 30-37 %, and germination by 21-38 % as com-
pared to control samples. 

It is shown that UV irradiation positively affects the 
biometric parameters of wheat seedlings. The root sys-
tem of irradiated seed samples is more developed than 
of unexposed ones. As a result of UV-C radiation with 
established doses, the root length in all the studied wheat 
cultivars significantly increased by 2.0-3.6 times, and the 
seedling shoot height - by 2.0-3.4 times. The maximum 
increase in root length by 25 times and shoot height – by 
14.4 times was found in seed seedlings of ‘Nyva Odeska’. 

The obtained results are of interest and prove the 
expediency of using UV-С irradiation to increase the 
sowing qualities of large batches of seeds with reduced 
germination. The proposed method of stimulating seeds 
with UV-C radiation can be applied in selection, where 
sometimes there is a threat of losing small amounts of 
valuable breeding material with low seed vigour and ger-
mination. 
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