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BIIJINB HU3bKUX 103 PEHTTEHIBCBKOI'O OITPOMIHEHHS
HA CTIMKICTb MIIEHMIII 10O ®ITOMATOI'EHIB

JlociIKeHO BILTUB TOCTPOTO ONPOMIHEHHSI HU3bKAMHU JI03aMH peHTTeHiBChbKOi pafiamii (10 Ta 20 I'p) HaciHHA mmre-
Huui o3uMoi coptiB Codis KuiBcbka Ta IlleapiBka KuiBcbka Ha CTIHKICTD POCITHH A0 (iTONATOr€HHOTO HABAHTAKEHHS.
InentndikoBaHo ypaxkeHHs HaciHHA (iTomarorenamu Fusarium sp., Aspergillus sp. i Mucor sp. TTokasano, mo B 060X
COPTiB OOHM/IBI TO3W MPHUTHIYYBAIX PO3BUTOK (DiTOMATOTEHIB, omHAK 032 20 ['p Mana moTyXHIKH BIUIMB Ha PO3BUTOK
iHdekuii. BctaHoBNeHO, MO 3MiHU B IIyJIi IEPOKCHIY BOJIHIO BIPOJOBXK JOCIIIHOTO IMEPioy TaKoXK OyiH YyTIMBHMHU
n0  (ITONaTOreHHOr0 HaBaHTAKEHHA Ta A0  COPTOCHENM(IYHOrO  ajamnTaliifHOro IMOTEHI[ialy pPOCIHH.
[IpogeMoHCTPOBaHO, IO 3MIHM BMICTy XJIOpO(DINB Ta KapOTHHOIMIB CBigYaTh MPO (QYHKIIOHATIHHY 30€peKeHICTh
JIUCTKIB Ticis [l HU3BKUX /103 PEHTI€HIBCHKOI pajianii Ha 3epHIBKY MIISHUIIl Ta KOMIIEHCAIIIO IIKOJJOYNHHOTO BIUIUBY
30ynHuKa Qy3apio3y Ha (HOTOCHHTCTUYHHHN armapar POCIIHH.

Kniouosi crosa: nieHuIs, peHTIEHIBCbKe OMPOMiHEHHS, (DOTOCHHTETHYHI MIrMEHTH, TIEPOKCH] BoHIO, Fusarium,
Mucor, Aspergillus.
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THE EFFECT OF LOW DOSES OF X-RAY IRRADIATION
ON WHEAT RESISTANCE TO PHYTOPATHOGENS

The effect of low-dose X-ray irradiation (10 and 20 Gy) of winter wheat seeds of the cultivars Sofiia Kyivska and
Shchedrivka Kyivska on plant resistance to phytopathogenic pressure was investigated. Seed infestation by the
phytopathogens Fusarium sp., Aspergillus, and Mucor was identified. It is shown that in both cultivars, both irradiation
doses suppressed the development of phytopathogens; however, the 20 Gy dose had a more pronounced effect on
infection development. Changes in the hydrogen peroxide content during the experimental period were also sensitive to
phytopathogenic pressure and to the cultivar-specific adaptive potential of the plants. Changes in the contents of
chlorophylls and carotenoids indicate the functional integrity of leaves following exposure of wheat grains to low doses
of X-ray radiation and the compensation of the detrimental effects of the Fusarium pathogen on the photosynthetic
apparatus of plants.

Keywords: wheat, X-rays, photosynthetic pigments, hydrogen peroxide, Fusarium, Mucor, Aspergillus.

CITMCOK BUKOPUCTAHOI JIITEPATYPHU / REFERENCES

1. M. Hassine et al. Screening of the effect of mutation breeding on biotic stress tolerance and quality traits of durum
wheat. Gesunde Pflanzen 75 (2023) 837.

2. J. Wang et al. lonizing radiation: Effective physical agents for economic crop seed priming and the underlying
physiological mechanisms. Int. J. Mol. Sci. 23 (2022) 15212.

3. D. Kiani et al. Application of gamma irradiation on morphological, biochemical, and molecular aspects of wheat
(Triticum aestivum L.) under different seed moisture contents. Sci. Rep. 12 (2022) 11082.

4.  B.B. Xyk, O.M. Mixees, JI.I'. OBcsHHiKOBa. BIUTHB OMPOMIHEHHS HACIHHS TOPOXY PEHTTEHIBCHKOO pamialli€ro Ha
BUTpUBATICTh pociut a0 aii Y®-C. Saepua disuka ta enepreruka 26 (2025) 256. / V.V. Zhuk, O.M. Mikheev,
L.G. Ovsyannikova. Effect of X-ray irradiation of pea seeds on plant resistance to UV-C. Nucl. Phys. At. Energy
26 (2025) 256. (Ukr)

5. H. Kashtoh, M.F. Rabbee, K.-H. Baek. New insights into plant signaling mechanisms in biotic and abiotic stress.
Plants 14(13) (2025) 1953.

6. S. Mishra et al. Complexity of responses to ionizing radiation in plants, and the impact on interacting biotic
factors. Sci. Total. Environ. 924 (2024) 17156.

7. H.K. Lichtenthaler. Chlorophylls and carotenoids: Pigments of photosynthetic biomembranes. Methods Enzymol.
148 (1987) 350.

8. L.-M. Chen, C.-H. Kao. Effect of excess copper on rice leaves: evidence for involvement of lipid peroxidation.
Bot. Bull. Acad. Sin. 40 (1999) 283.


https://jnpae.kinr.kyiv.ua/
https://ror.org/029gkxt13
mailto:ivzhukvi@gmail.com
https://ror.org/029gkxt13
mailto:ivzhukvi@gmail.com
https://doi.org/10.1007/s10343-022-00750-y
https://doi.org/10.3390/ijms232315212
https://doi.org/10.1038/s41598-022-14949-6
https://doi.org/10.15407/jnpae2025.03.256
https://doi.org/10.15407/jnpae2025.03.256
https://doi.org/10.15407/jnpae2025.03.256
https://doi.org/10.3390/plants14131953
https://doi.org/10.1016/j.scitotenv.2024.171567
https://doi.org/10.1016/0076-6879(87)48036-1
https://doi.org/10.1016/0076-6879(87)48036-1
https://ejournal.sinica.edu.tw/bbas/content/1999/4/bot404-05.html

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

10.B. llunina, O.C. Monoxasa, M.I. I'yma. MeronuuHi pekoMeHanii 10 MPpakTUYHUX 3aHATh 3 HaBYaJIbHOTO
kypey «@itoimynonoris». Ilin pen. O.JI. [murpieBa (Kuis: Kowmop, 2019) 40c. / Yu.V. Shylina, O.S.
Molozhava, M.I. Hushcha. Methodological Guidelines for Practical Classes in the Course “Phytoimmunology”.
O.P. Dmytriiev (Ed.) (Kyiv: Kondor, 2019) 40 p. (Ukr)

M. Kamran, P. Burdiak, S. Karpifski. Crosstalk between abiotic and biotic stresses responses and the role of
chloroplast retrograde signaling in the cross-tolerance phenomena in plants. Cells 14(3) (2025) 176.

N.A. Zulkifli et al. Advances in irradiation technology for plant resistance: A review. Agric. Rev. 45(1) (2024) 25.
D. Legland et al. Synchrotron based X-ray microtomography reveals cellular morphological features of developing
wheat grain. Appl. Sci. 12(7) (2022) 3454.

S. Cheng et al. Plant chloroplast stress response: insights from mass spectrometry metabolites analysis. Front.
Plant Sci. 16 (2025) 1549156.

Z. Katani¢ et al. Photosynthetic efficiency in flag leaves and ears of winter wheat during fusarium head blight
infection. Agronomy 11(12) (2021) 2415.

K. Sunic et al. Fusarium head blight infection induced responses of six winter wheat varieties in ascorbate-
glutathione pathway, photosynthetic efficiency and stress hormones. Plants 12 (2023) 3720.

F. Rocher et al. Unravelling ecophysiological and molecular adjustments in the photosynthesis-respiration balance
during Fusarium graminearum infection in wheat spikes. Physiol. Plant. 177(2) (2025) e70150.

J. Chrpova et al. Potential role and involvement of antioxidants and other secondary metabolites of wheat in the
infection process and resistance to Fusarium spp. Agronomy 11 (2021) 2235.

K.O. Kapnenko, T.O. PoxxkoBa, B.A. Bnacenko. YopHmii 3apomox Ta ¢y3apio3 HaCiHHS MIICHHUI O3MMOI
(amamitnunanit orsan). Mupowriseskuii Bicuuk 1 (2015) 170. / K.O. Karpenko, T.O. Rozhkova, V.A. Vlasenko.
Black point and fusarium of winter wheat seeds (literature review). Myronivskyi Visnyk 1 (2015) 170. (Ukr)

T.O. Poxkosa. Ulkimmueicte Fusarium sp. 3 miko6ioTd HaciHHsA mmieHUIi o3uMoi. Bicank CyMcbKOTO
HaIiOHAILHOTrO arpapHoro yHiBepcutery. Cepis: ArpoHowmis i Giomorist 47(1) (2022) 119. / T.O. Rozhkova.
Harmfulness of Fusarium sp. from mycobiota of winter wheat seeds. Bulletin of Sumy National Agrarian
University. The series: Agronomy and Biology 47(1) (2022) 119. (Ukr)

D.M. Ostrovskiy, V.M. Zotsenko, V.A. Gryshko. Microscopic fungi of wheat grain in the Polissya zone. Ukr. J.
Vet. Agric. Sci. 6(2) (2023) 19.

M. Shiju. A review on the effect of fungi on the wheat grain under post harvest storage ecology. Food Environ.
Saf. J. 9(2) (2010) 87.

C. Deligeorgakis et al. Fungal and toxin contaminants in cereal grains and flours: Systematic review and meta-
analysis. Foods 12 (2023) 4328.

Y. Li et al. Effect of UV-C irradiation treatment on mycotoxins production in Fusarium species inoculated wheat
seeds during wheat germination. Food Chem. 467 (2025) 142369.

R. Abdi et al. Surface disinfection of wheat kernels using gas phase hydroxyl-radical processes: Effect on
germination characteristics, microbial load, and functional properties. J. Food Sci. 89(2) (2024) 1154.

A. Iglesias-Ganado et al. Improvement of wheat and barley cultivation through seed priming with UV, ozone, and
nutripriming (Fe, Zn, and B). Appl. Sci. 15 (2025) 9988.

S. Paulikiené, R. Zvirdauskiené. Evaluation of hydrothermal treatment of winter wheat grain with ozonated water.
Plants 12 (2023) 3267.

M.J. Hong et al. Biological effect of gamma rays according to exposure time on germination and plant growth in
wheat. Appl. Sci. 12 (2022) 3208.

Hagpitinua / Received 27.12.2025


https://www.researchgate.net/publication/336364565_NACIONALNA_AKADEMIA_NAUK_UKRAINI_INSTITUT_KLITINNOI_BIOLOGII_I_GENETICNOI_INZENERII
https://www.researchgate.net/publication/336364565_NACIONALNA_AKADEMIA_NAUK_UKRAINI_INSTITUT_KLITINNOI_BIOLOGII_I_GENETICNOI_INZENERII
https://www.researchgate.net/publication/336364565_NACIONALNA_AKADEMIA_NAUK_UKRAINI_INSTITUT_KLITINNOI_BIOLOGII_I_GENETICNOI_INZENERII
https://www.researchgate.net/publication/336364565_NACIONALNA_AKADEMIA_NAUK_UKRAINI_INSTITUT_KLITINNOI_BIOLOGII_I_GENETICNOI_INZENERII
https://www.researchgate.net/publication/336364565_NACIONALNA_AKADEMIA_NAUK_UKRAINI_INSTITUT_KLITINNOI_BIOLOGII_I_GENETICNOI_INZENERII
https://doi.org/10.3390/cells14030176
https://doi.org/10.18805/ag.RF-284
https://doi.org/10.3390/app12073454
https://doi.org/10.3389/fpls.2025.1549156
https://doi.org/10.3389/fpls.2025.1549156
https://doi.org/10.3390/agronomy11122415
https://doi.org/10.3390/plants12213720
https://doi.org/10.1111/ppl.70150
https://doi.org/10.3390/agronomy11112235
https://repo.snau.edu.ua/bitstream/123456789/4488/1/%D0%9A%D0%B0%D1%80%D0%BF%D0%B5%D0%BD%D0%BA%D0%BE%20%D0%9A.%20%D0%9E.%20%D0%A7%D0%BE%D1%80%D0%BD%D0%B8%D0%B9%20%D0%B7%D0%B0%D1%80%D0%BE%D0%B4%D0%BE%D0%BA%20%D1%82%D0%B0%20%D1%84%D1%83%D0%B7%D0%B0%D1%80%D1%96%D0%BE%D0%B7.pdf
https://repo.snau.edu.ua/bitstream/123456789/4488/1/%D0%9A%D0%B0%D1%80%D0%BF%D0%B5%D0%BD%D0%BA%D0%BE%20%D0%9A.%20%D0%9E.%20%D0%A7%D0%BE%D1%80%D0%BD%D0%B8%D0%B9%20%D0%B7%D0%B0%D1%80%D0%BE%D0%B4%D0%BE%D0%BA%20%D1%82%D0%B0%20%D1%84%D1%83%D0%B7%D0%B0%D1%80%D1%96%D0%BE%D0%B7.pdf
https://doi.org/10.32845/agrobio.2022.1.16
https://doi.org/10.32845/agrobio.2022.1.16
https://doi.org/10.32845/agrobio.2022.1.16
https://doi.org/10.32845/agrobio.2022.1.16
https://doi.org/10.32718/ujvas6-2.04
https://doi.org/10.32718/ujvas6-2.04
https://fens.usv.ro/index.php/FENS/article/view/414
https://fens.usv.ro/index.php/FENS/article/view/414
https://doi.org/10.3390/foods12234328
https://doi.org/10.1016/j.foodchem.2024.142369
https://doi.org/10.1111/1750-3841.16883
https://doi.org/10.3390/app15189988
https://doi.org/10.3390/plants12183267
https://doi.org/10.3390/app12063208

