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Abstract

Pre-sowing seed treatment contributes to increasing the productivity of crops. One of the effective physical methods of
pre-sowing treatment is the treatment of seeds with ultraviolet radiation, which, depending on the selected range of parameters,
can have both a stimulating effect and a bactericidal effect.

The article presents the results of a study of the effect of the dose of exposure and the wavelength of ultraviolet radiation
of the UV-B and UV-C ranges on the length of sprouts, germination energy and germination of seeds of winter wheat
"Zernogradka-9". Regression equations reflecting the relationship between the parameters characterizing the sowing qualities
of seeds and the wavelength and dose of exposure to ultraviolet radiation were obtained.

Ultraviolet radiation from region B at a wavelength of 313 nm has been found to have a stimulating effect on seeds in the
dose range of 24-120 W-s/m2. Sprout length, germination energy and germination were higher than in the control. Radiation
from the UV-C region during seed germination is a deterrent.

Keywords: ultraviolet radiation, stimulating effect, bactericidal effect, sowing qualities of seeds.

NCC/IEAOBAHUME BIIMAHUA YJIBTPA®HNOJ/IETOBOI'O N3/IYUYEHUA Y®-B 1 YO-C TUAIIA30HA HA
ITOCEBHBIE KAYECTBA CEMSAH ITIMTEHUIIBI «3EPHOTI'PAJIKA-9»

Hayunas crarbs

Benenor B.H." *, I'pauesa H.H.%, [Tonomapesa H.E.%, Pyzenko H.B., Kocreneukuii E.C.°
*ORCID : 0000-0001-5468-3626;
12345 A30B0-UepHOMOPCKHUI MH)KEHEePHBIN UHCTUTYT — (ura JJOHCKOro roCyjapCTBeHHOrO arpapHoro YHUBEPCUTeTa,
3epHorpas, Poccuiickas ®enepariyis

* Koppecnonaupytomuii aBrop (vetal_belenov[at]mail.ru)

AHHOTaNMA

IToBBILIEHUIO TIPOSYKTUBHOCTH CeJIbCKOXO3SICTBEHHBIX KY/BTYP CIIOCOOCTBYeT mpefroceBHast obpaborka cemsH. OgHUM
13 30hQeKTHBHBIX (U3NUECKHX METOAOB TMpeAToCeBHOM 00paboTku siBnisieTcss 06paboTKa CeMsiH ynbTpadHOoeTOBBIM
W3/Ty4eHreM, KOTOpOe B 3aBHCHUMOCTH OT BBIODAHHOTO [jMaria30Ha rmapaMeTpoB MOKeT OKasaTh KaK CTUMY/IHPYHOLIUH 3¢ dexT,
TaK 1 OaKTepUIUIHOE JeHCTBHE.

B crartee TpuBeZeHBI pe3y/bTaThl WCC/IEOBaHWS BWSHUS [J03bl BO3ZEHCTBUS M JJIMHBI BOJIHBI Y/IbPadHOIeTOBOTO
nsnydenuss YO-B u YOP-C puanasoHOB Ha JIMHY POCTKOB, SHEPIHIO NPOpacTaHMsi U BCXOXKeCTb CeMsH O3UMOW MIIeHULIbI
«3epHorpazka-9». BbpllM TonyuyeHbl ypaBHeHMsI perpeccuy, OTpaKaroljde B3aUMOCBS3b MeXAy IapameTpamy,
XapaKTepU3YIOIIMMU TT0CeBHbIe KauecTBa CeMsIH, U IJIMHON BOJIHBI U 10301 BO3/IeICTBUS y/IbTPa(roIeTOBOr0 U3/TyYeH s,

BblsIo ycTaHOB/eHO, 4TO y/abTpaduoseToBoe wu3nydeHue obmacti B mpu aymHe BomHel 313 HM  OKasbiBaet
CTUMY/IMPYIOILMI 3((eKT Ha ceMeHa B JyanasoHe 03 Bo3geicTsus 24120 Br-c¢/m2. [1MHaA POCTKOB, SHEpPrus IpopacTaHus U
BCXOXKeCTb ObL/M BBIILIE, UeM B KOHTpOJIe. V3myueHue o6macti YO-C Ha Tarie popacTaHust CeMSH SIB/ISIETCS CAEP)KUBAIOIUM
thakTopoMm.

KiroueBble cjioBa: yabTPaHONETOBOE W3/yueHHe, CTHUMYIUPYHOLIMA 3(deKT, GakTepuLugHOe [efCTBHe, MOCEBHbIE
KauecTBa CeMsH.

Introduction

Crop production, as one of the branches of agricultural production, is faced with the task of increasing the number of
products. The solution of this problem is facilitated by the use of modern technologies at different stages of growing plants,
harvesting, storage, and preparation of seed material.

One of the important stages in this technological cycle is the preparation of seed material before sowing. The goals of this
stage are to treat the seeds against pathogens and pests, and to improve the sowing qualities of the seeds.

At present, a many of methods of influencing seeds are known. All these methods can be divided into chemical, biological
and physical according to the principles of influence. Chemical methods of pre-sowing seed treatment are widely used in
agricultural production. These methods are associated with the use of mordants and growth stimulants. Chemical treatment
methods are highly efficient, but their use often requires compliance with increased requirements due to their danger to
personnel and the environment. Biological methods are based on the use of microorganisms, phytohormones and vitamins.
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Physical methods are associated with the use of electric and magnetic fields, air ions, ultrasound, radiation of various natures,
including radiation related to the optical region.

The effectiveness of treating crop seeds with electromagnetic radiation in this area has been proven by numerous studies
(1], [3], [5], [6].

The influence of optical radiation (especially ultraviolet radiation) on plant seeds is explained by biophysical processes
occurring in seeds due to radiation energy. The stimulating effect of ultraviolet radiation is associated with the structural and
functional restructuring of membrane formations and intracellular organelles. As a result, the level of lipid oxidation, pH, ATP
activity changes, which leads to an increase in bioenergetics and biosynthetics processes [7, P. 5], increases the energy
potential of seeds, mobilizes their hidden resources, which are used to enhance the growth and development of plants [8, P. 32].
Small doses of UV radiation, provoking free radical processes, can change the rate of synthetic processes in the grain,
accelerate the biosynthesis of enzymes in the initial period of swelling [9, P. 13].

Increasing crop yields can be achieved not only by stimulating seeds, but also by having a bactericidal effect on pathogens
and pests. Ultraviolet (UV) radiation has a destructive and lethal effect on bacterial viruses (phages), single-celled organisms
(microbes and protozoa) and fungi. As a rule, the spectra of action of the lethal effect have a pronounced nucleic maximum at
260... 265 nm [7, P. 6]. With the appropriate selection of parameters and regimes of influence, a significant decrease in the
number of microbial cells on the surface of seeds is noted. A number of studies have found a 17-20-fold reduction in
microbiological contamination compared to the control [9, P. 64], and even up to 99% [10].

But bactericidal radiation not only ensures the effective destruction of phytopathogens, but can also be a deterrent to seed
germination and lead to a decrease in seed germination. The addition in yields in this case can be explained by a lowering in
losses due to diseases.

Despite numerous studies aimed at studying the effect of parameters and regimes of influence to ultraviolet radiation on
the sowing qualities of agricultural seeds, the specifics of the impact of ultraviolet radiation areas on biological objects, the
difference in the properties of seeds make work in this direction relevant.

The purpose of the study is to determine the parameters and modes of exposure to ultraviolet radiation of the UV-B and
UV-C ranges on the sowing qualities of winter wheat seeds "Zernogradka-9".

Research methods and principles

A laboratory experiment was carried out to study the effect of the parameters and modes of ultraviolet radiation of the UV-
B and UV-C ranges on the length of sprouts, sprouting energy and germinating ability of winter wheat seeds "Zernogradka-9".
Seed treatment was carried out at the LOS-2 installation. With the help of replaceable filters, radiation with wavelength of 248,
280, 302 and 313 nm were singled out. During processing, the following dose values were maintained — 24; 48; 72; 96; 120
W-s/m2. The indicated dose values were achieved by changing the current of the lamp and the degree of opening of the
diaphragm at a constant duration of processing equal to 60 seconds. The magnitude of irradiation was monitored using a UV
radiometer of the TKA-ABC model.

The experiment and processing of the results were carried out on the basis of the educational, scientific and production
agrotechnological laboratory of the institute in accordance with the methodology set forth in GOST 12038-84 [12].

Statistical processing of experimental data was carried out using the Statistica program.

Main results

The results of the research are shown in Table 1. In the course of the regression analysis, the types of functional
dependencies and the values of the coefficients of the regression equations were determined, the significance of the coefficients
of the regression equations was assessed according to the Student's criterion and the regression models were evaluated for
adequacy.

The results of the regression analysis of the dependence of sprout length on dose and wavelength are shown in Table 2.
The main influence on the length of sprouts is exerted by the wavelength of ultraviolet radiation. Since the coefficients of the
equation related to the dose of exposure were insignificant, the analysis was performed with refined coefficients (see Table 3
and Figure 1).

Table 1 - Results of studies of the influence of UV radiation on the length of sprouts, sprouting energy and germinating ability
of wheat "Zernogradka-9"

DOI: https://doi.org/10.60797/JAE.2024.51.20.1

Dose \(,);. s/xrggsure, Wavelength, nm I;;rrlgltlftls?f;;e Sproutlrclj/g0 energy, Gaetl;li‘llliltl;fltol/zg
24 248 76,45 41,00 69,00
24 280 61,87 43,50 70,30
24 302 76,90 54,00 75,75
24 313 88,47 69,00 84,75
48 248 68,07 43,00 70,00
48 280 50,5 43,50 72,60
48 302 83,02 60,50 76,75
48 313 91,74 71,75 85,50
72 248 75,50 63,10 82,30

2
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72 280 75,10 68,50 83,00
72 302 85,90 78,00 86,50
72 313 92,00 85,00 91,30
96 248 77,17 59,25 75,00
96 280 61,78 61,25 77,00
96 302 86,78 61,25 82,30
96 313 92,80 77,00 84,50
120 248 75,00 57,75 75,00
120 280 65,70 60,25 75,25
120 302 70,61 60,00 78,00
120 313 93,47 76,75 83,00

Table 2 - Results of the analysis of the DR=f(ES, L) relationship
DOI: https://doi.org/10.60797/JAE.2024.51.20.2

‘i& Regression Summary for Dependent Yariable: DR (data.s -0 ﬂ

MULTIPLE [R= ,59765111 RI= ,50577752 Adjusted RI= 75395486
REGRE3S. |F(4,15)=15,558 p<,00003 3td.Error of estimate: 5,9381

3t. Err. 3t. Err.
H=z0 of EETL E of E t{15) p-level
Intercpt 1412,716 | 233,6634 £, 04595 ,0o00022
L7572 , 588133 L2680 ,2022 1,28739 217469
L | -21,1902 | 3,576050 -59,961 1,6810 -5,92559 ,000028
V1452 -, 6872 ,5E8133 -, 00z ,0014 | -1,16841 , 260876
VZHEZ 21,7508 | 3,576050 L0158 ,0030 6,08239 ,000021

Table 3 - Results of the analysis of the relationship DR=f(ES, L) with refined coefficients of the regression equation
DOI: https://doi.org/10.60797/JAE.2024.51.20.3

i REE

MULTIPLE [R= ,88386578 RI= ,78121872Z Adjusted RI= 75547975

REGRESS. [F(2,17)=30,352 p<,00000 Stcd.Error of estimate: 5,9200
3t. Err. 3t. Err.
N=20 of BETA B of B ti17) p-level
Intercpt 1421,260 @ 232,8697 £,10324 ,000012
Va##*z 21,7509  3,565165 018 ,0030 6,10096 ,000012
L | -21,1902  3,565168 -9,961 1,6759 -5,94367 ,000016

A regression equation reflecting the relationship between the length of sprouts and the wavelength is obtained
DR = 1421,26 = 9,961 - L + 0,018 - L2, (1)

where DR — is the length of the sprouts, mm;

L —is the wavelength, nm.

For the convenience of analyzing the obtained dependence, a contour graph of the response function DR=f(ES,L) was also
built using the regression equation (1).

The average sprout length of 65.7 mm obtained in the control is achieved after treating wheat seeds with radiation with a
wavelength of more than 310 nm.
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Figure 1 - Surface of the dependent variable DR=f(ES, L) constructed on the regression equation (1)
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Figure 2 - Contour graph of the dependent variable DR=f(ES, L) constructed on the regression equation (1)
DOI: https://doi.org/10.60797/JAE.2024.51.20.5

Similarly, a regression analysis of the dependence of sprouting energy on dose of exposure and wavelength was performed
(see Table 4 and Figures 3, 4).

Table 3 - Results of EP=f(ES, L) dependence analysis
DOI: https://doi.org/10.60797/JAE.2024.51.20.6

‘i® Regression Summary for Dependent Variable: EP (data.sta) ) |m| ﬂ

MULTIPLE [R= ,8875319¢ RI= ,787Y71297 Adjusted RI= 73110310
REGRE3S. |F(4,15)=13,915 p<,00006 3td.Error of estimate: 6,5160

3t. Err. 3t. Err.

of BETL B of B t(15) p-level

656,9508 Z56,4049 Z,56216 SOZ1669

z,14752 , 614576 L7749 ,2219 3, 49260 ,003273

L | -9,77953 | 3,738656 -4,8252 1,844 -2,61579 019477

Vit%2 -1,79314 , 614576 -, 0044 ,0015 | -2,91625 ,010638
Va++z 10,42248 3, 738656 L0092 L0033 Z,78776 S013796  »
[« v

The regression equation has the form
EP = 656,9508 + 0,7749 - ES — 4,8252 - L — 0,0044 - ES2 + 0,0092 - L2, (2)

where EP — is sprouting energy, %;
ES — is the dose of exposure, W-s/m?.
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Results of the effect dose of exposure and wavelength on sprouting energy are not so single. At exposure doses of 73-95
W-s/m?, sprouting energy values were obtained higher than 57.7% in the control even in the UV-C region.

Bl 363812
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B 47,266
[ 52,493
[ 15772
[ 162,946
[ 68,173
Bl 734
Bl 738627
Bl 33,354
Bl above

Figure 3 - Surface of the dependent variable EP=f(ES, L) constructed on the regression equation (2)
DOI: https://doi.org/10.60797/JAE.2024.51.20.7
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Figure 4 - Contour graph of the dependent variable EP=f(ES, L), constructed on the regression equation (2)
DOI: https://doi.org/10.60797/JAE.2024.51.20.8

The results of the regression analysis of the dependence of germinating ability on the dose of exposure and wavelength are
shown in Table 5 and in Figures 5 and 6.
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Table 3 - Results of VS=f(ES, L) dependence analysis
DOI: https://doi.org/10.60797/JAE.2024.51.20.9

‘& Regression Summary for Dependent Variable: VS (data.sta) -|a ﬂ
MULTIPLE [RB= ,885181091 RI= 77759045 Adjusted RI= 71825128

REGRESS. [Fi4,15)=13,111 p<,00009 3tcd.Error of estimate: 3,292Z2
3t. Err. 3t. Err.

H=z0 of EETL E of B t{15) p-level
Intercpt 360,58540 129, 5475 z, 78550 ,013859
ES 2,41482 ,B29365 L3301 1121 3,83692 ,001617
L | -9,45475 3,826753 -z,3027 ,9320 | -2,47070 ,0255963
Vit#%2 -2,24168 , 629365 —,0027 ,0008 | -3, 56180 ,002540
Va+F+z 10,12267 3,826753 0044 L0017 Z,64524 ,0158365

The dependence of germinating ability on the dose of exposure and the wavelength is described by the equation
VS = 360,854 +0,4301 - ES — 2,3027 - L — 0,0027 - ES*> +0,0044 - L2, 3)
where VS — germinating ability, %.

Figure 5 - Surface of the dependent variable VS=f(ES, L) constructed on the regression equation (3)
DOTI: https://doi.org/10.60797/JAE.2024.51.20.10
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Figure 6 - Contour graph of the dependent variable VS=f(ES, L) constructed on the regression equation (3)
DOI: https://doi.org/10.60797/JAE.2024.51.20.11

The analysis of the dependence of germinating ability on the dose of exposure and wavelength also indicates that
ultraviolet radiation of the UV-C region in the dose range of 59-90 W-s/m? has a positive effect on the germinating ability of
Zernogradka-9 wheat seeds. The germinating ability rate of seeds exceeds the 77.75% obtained in the control.

The obtained regression equations adequately describe the relationship between the parameters characterizing the sowing
qualities of seeds (sprout length, sprouting energy and germinating ability) and the parameters characterizing ultraviolet
radiation (exposure dose and wavelength). The obtained values of the Fisher criterion based on the results of regression

6
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analysis are higher than the theoretical values of the criterion. Changes in sprout length, sprouting energy and germinating
ability by more than 77% are explained by changes in the dose of exposure and wavelength.

Conclusion

Ultraviolet radiation of the UV-B region has a stimulating effect on the seeds of wheat "Zernogradka-9". The greatest
effect in this spectral range is achieved at a wavelength of 313 nm. The increase in germination compared to the control is
more than 13%. The stimulating effect of radiation in the UV-C region is insignificant (about 1%), it is achieved in the dose
range of 59-90 W-s/m2. Basically, the radiation of the UV-C region is a deterrent to germinating ability of the seed. A positive
effect in the form of increased yields can be achieved by reducing losses due to diseases.
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