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EFFECTS OF IRON AND COPPER OXIDE NANOPARTICLES ON CALLUS
INDUCTION AND IN VITRO REGENERATION OF POTATO (SOLANUM
TUBEROSUM L., CV. TELMAN)

Potato is widely used as a model species for plant tissue culture, micropropagation, and
genetic improvement studies due to its responsiveness to in vitro manipulation and its
economic relevance. Iron (Fe) and copper (Cu) are essential micronutrients involved in
fundamental physiological and biochemical processes in plants. The application of
metal oxide nanopatrticles has recently emerged as a promising strategy to improve
nutrient bioavailability and morphogenic responses in plant tissue culture. This study
investigated the effects of iron oxide (Fe;O.) and copper oxide (CuO) nanopatrticles on
callus induction and in vitro regeneration of potato (Solanum tuberosum L., cv. Telman).
Explants cultured on Murashige and Skoog (MS) medium supplemented with optimal
concentrations of Fe and Cu nanopatrticles exhibited significantly enhanced callus
formation, shoot regeneration, and rooting compared to the control. In contrast, higher
nanoparticle concentrations negatively affected morphogenesis, likely due to
nanoparticle-induced oxidative stress. These results demonstrate the potential of iron
and copper oxide nanopatrticles as effective modulators of potato tissue culture when
applied at appropriate concentrations. Results suggest that nanoparticles not only
influence early morphogenic responses but also have lasting effects on plantlet
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establishment, which is critical for successful transfer from in vitro to ex vitro conditions.
Controlled application of Fe;O, and CuO nanoparticles therefore represents a
promising strategy for improving tissue culture efficiency in potato. Overall, the data
indicate that the effects of nanoparticles on potato tissue culture are dose-dependent,
with low to moderate concentrations enhancing callus induction, shoot regeneration, and
root development, while higher concentrations impose inhibitory effects due to oxidative
stress. Plantlets regenerated under optimal nanoparticle treatments exhibited enhanced
rooting performance and higher survival rates during acclimatization. However, elevated
concentrations of Cu-NPs resulted in a pronounced decrease in regeneration efficiency.
This decline suggests potential copper-induced toxicity, likely associated with the
disruption of cellular redox homeostasis and excessive ROS accumulation.

Keywords: Solanum tuberosum, iron oxide nanoparticles, copper oxide nanopatrticles,
callus induction, in vitro regeneration, nanobiotechnology

Introduction. Potato (Solanum tuberosum L.) is a globally significant food crop,
ranking among the most widely cultivated and consumed vegetables due to its high
nutritional value, adaptability, and economic importance. In Azerbaijan, potato plays a
central role in both the national diet and agricultural economy, with one of the highest per
capita consumption rates in Central Asia. The tuber is a key ingredient in traditional dishes,
including soups, stews, and various local recipes, highlighting its cultural as well as
nutritional relevance. Despite its importance, potato production in Azerbaijan has historically
faced challenges, including limited access to high-quality, disease-free seed material and
vulnerability to biotic and abiotic stresses, such as viral infections, soil-borne pathogens, and
drought [3, 4, 10].

Until recently, most certified seed potatoes were imported, restricting local production
and increasing dependence on external sources. In response, the joint initiatives of the Food
and Agriculture Organization (FAO) and Azerbaijan have strengthened national capacity in
potato production through enhanced laboratory facilities for virus diagnostics, in vitro tissue
culture, and the establishment of farmer-based seed multiplication schemes [1, 2]. In this
context, certified disease-free tubers of potato (cv. Telman) were procured from the
Scientific Research Institute of Vegetable Growing, a public legal entity, ensuring the highest
phytosanitary standards for subsequent experimental studies. The availability of high-
quality, pathogen-free planting material is critical not only for field cultivation but also for
controlled experimental research, as it eliminates variability caused by latent infections and
ensures reproducibility in tissue culture and genetic studies.

Potato is widely used as a model species for plant tissue culture, micropropagation,
and genetic improvement studies due to its responsiveness to in vitro manipulation and its
economic relevance. Efficient callus induction and plant regeneration are essential for
micropropagation, somaclonal variation studies, and genetic transformation. However,
regeneration capacity is highly genotype-dependent, and several cultivars, including cv.
Telman, exhibit limited morphogenic responses under conventional in vitro conditions.
Optimization of tissue culture protocols is therefore necessary to improve regeneration
efficiency, enhance propagation rates, and facilitate advanced genetic and biotechnological
research [8, 9].

Micronutrients such as iron (Fe) and copper (Cu) are essential for plant growth and
development. They act as cofactors in key enzymatic reactions involved in photosynthesis,
respiration, electron transport, and antioxidant defense mechanisms. In conventional tissue
culture systems, supplementation of these elements in media does not always guarantee
efficient cellular uptake, limiting their physiological effectiveness. Nanoparticle-based
delivery systems have emerged as a promising strategy due to their high surface area,
enhanced chemical reactivity, and improved bioavailability, offering a novel approach to
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micronutrient supplementation in vitro [5, 6, 7]. Despite increasing research on nanopatrticle-
mediated nutrient delivery, data regarding their effects on potato callus induction and
morphogenesis remain scarce, and systematic studies are required to elucidate their
potential benefits.

The present study aims to evaluate the influence of Fe;O, and CuO nanoparticles
on callus formation and in vitro regeneration of potato cv. Telman. By using certified disease-
free tubers sourced from a recognized public legal entity, this study ensures the reliability
and reproducibility of experimental results while addressing both biotechnological and
nutritional aspects of plant tissue culture. The findings are expected to provide insights into
optimized micropropagation protocols and the application of nanotechnology in enhancing
potato growth and morphogenesis, contributing to both scientific knowledge and practical
improvements in crop production.

Materials and Methods.

Plant Material and Explant Preparation

Certified disease-free tubers of potato (Solanum tuberosum L., cv. Telman) were
procured from the Scientific Research Institute of Vegetable Growing, a public legal entity,
ensuring the highest phytosanitary standards for subsequent experimental use. Tubers
were sprouted under controlled conditions (22—250C, darkness). Young shoots were
excised, and leaf and internode segments (0.5-1.0 cm) were used as explants.

Surface Sterilization

Explants were washed under running tap water and surface-sterilized with 70% (v/v)
ethanol for 30 s, followed by immersion in 2.5% (v/v) sodium hypochlorite solution containing
a few drops of Tween-20 for 10—12 min. Explants were rinsed three to four times with sterile
distilled water under aseptic conditions.

Culture Media and Growth Conditions

Murashige and Skoog (MS) basal medium supplemented with 3% (w/v) sucrose and
solidified with 0.7% (w/v) agar was used. The pH was adjusted to 5.8 before autoclaving at
121 °C for 20 min. Cultures were maintained at 24 + 2 °C under a 16 h photoperiod with a
light intensity of 40-50 pmol m™2s™.

Preparation and Application of Nanopatrticles

Iron oxide (Fesz0,) and copper oxide (CuO) nanoparticles with an average particle
size of 20—40 nm were used. Stock suspensions were prepared in sterile distilled water and
sonicated for 30 min to minimize aggregation. Nanoparticles were incorporated into the
culture medium at the following concentrations:

Fe-NPs: 0, 25, 50, and 100 mg L™

Cu-NPs: 0, 5, 10, and 25 mg L™

Media without nanoparticles served as controls.

Callus Induction

Explants were cultured on MS medium supplemented with 2.0 mg L7 24-
dichlorophenoxyacetic acid (2,4-D) and 0.5 mg L™ 6-benzylaminopurine (BAP), in
combination with the respective nanoparticle treatments. Cultures were maintained in
darkness for the first 10 days. Callus induction frequency (%) and callus fresh weight (g)
were recorded after four weeks.

Regeneration and Rooting

Actively growing calli were transferred to regeneration medium consisting of MS
supplemented with 2.0 mg L™ BAP and 0.2 mg L™ a-naphthaleneacetic acid (NAA).
Regeneration frequency, number of shoots per callus, and shoot length were recorded after
six weeks. Rooting was induced on half-strength MS medium supplemented with 0.5 mg L™
indole-3-butyric acid (IBA). Rooted plantlets were acclimatized under greenhouse conditions.

Statistical Analysis
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Experiments were arranged in a completely randomized design with three
independent replicates per treatment. Data were analyzed using one-way analysis of
variance (ANOVA), and mean comparisons were performed at p < 0.05.

Results and Discussion.

Effect of Nanoparticles on Callus Induction

Both iron (Fe;O,) and copper oxide (CuO) nanoparticles had a significant impact on
callus induction in potato cv. Telman. The highest frequency of callus formation and greatest
fresh weight were recorded at 50 mg I"* Fe-NPs and 10 mg I Cu-NPs, respectively. These
results significantly exceeded those of the control treatment, suggesting that optimal
concentrations of nanoparticles can stimulate cellular proliferation and tissue differentiation
in vitro.

The stimulatory effects observed at these lower concentrations are likely associated
with improved micronutrient availability and activation of iron- and copper-dependent
enzymatic pathways, which are crucial for DNA synthesis, respiration, and overall cellular
metabolism. In contrast, callus formation was markedly reduced at higher nanoparticle
concentrations, presumably due to the overproduction of reactive oxygen species (ROS) and
resulting oxidative stress, which can damage cellular structures and inhibit morphogenesis [2,
7]. These observations are consistent with previous reports indicating that while micronutrients
are essential for growth, excessive accumulation can exert cytotoxic effects.

Effect on Shoot Regeneration. Shoot regeneration of potato cv. Telman was
significantly enhanced under optimal nanoparticle treatments. Fe-NPs at 50 mg [
promoted both shoot number and shoot length, likely through improved chlorophyll
biosynthesis and enhanced photosynthetic efficiency. Similarly, low concentrations of Cu-
NPs stimulated shoot regeneration, possibly by facilitating electron transport processes
and activating antioxidant enzymes, which mitigate oxidative stress and support cellular
differentiation.

However, elevated concentrations of Cu-NPs resulted in a pronounced decrease in
regeneration efficiency. This decline suggests potential copper-induced toxicity, likely
associated with the disruption of cellular redox homeostasis and excessive ROS
accumulation. These findings align with prior studies emphasizing the narrow optimal range
for copper nutrition in plant tissue culture and the delicate balance required to support
morphogenesis without inducing cytotoxic effects [3].

Rooting and Acclimatization. Plantlets regenerated under optimal nanoparticle
treatments exhibited enhanced rooting performance and higher survival rates during
acclimatization. Improved root development is likely linked to increased metabolic activity
and a balanced oxidative state in hanoparticle-treated tissues. These results suggest that
nanoparticles not only influence early morphogenic responses but also have lasting effects
on plantlet establishment, which is critical for successful transfer from in vitro to ex vitro
conditions.

Overall, the data indicate that the effects of nanoparticles on potato tissue culture are
dose-dependent, with low to moderate concentrations enhancing callus induction, shoot
regeneration, and root development, while higher concentrations impose inhibitory effects
due to oxidative stress. These results underscore the potential of Fe;O, and CuO
nanoparticles as tools to optimize in vitro propagation protocols for potato and possibly other
economically important crops.

Conclusion. This study demonstrates that iron oxide (Fe;O,) and copper oxide
(CuO) nanoparticles significantly influence callus induction, shoot regeneration, and rooting
of potato (Solanum tuberosum L., cv. Telman) in vitro. At optimized concentrations, both
nanoparticles enhance morphogenic responses, likely by improving micronutrient
availability, supporting enzymatic activity, and maintaining oxidative balance. In contrast,
excessive concentrations lead to reduced callus formation and regeneration, likely due to
oxidative stress and nanoparticle-induced cytotoxicity.
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Controlled application of Fe;O, and CuO nanoparticles therefore represents a
promising strategy for improving tissue culture efficiency in potato, offering potential benefits
for micropropagation, genetic studies, and biotechnological applications. Further research
is warranted to elucidate the underlying molecular mechanisms and to optimize nanoparticle
use across different potato genotypes.

NiTtepaTypa

1. Food and Agriculture Organization of the United Nations. Potato production statistics.
FAO. 2024 https://www.fao.org/potato/en/

2. Raji Z., Karim A., Karam A., Khalloufi S. Adsorption of heavy metals: mechanisms,
kinetics, and application of various adsorbents in wasterwaster remediation — a review. Journals
Waste, 2023. 1(3), 775 — 805 https://doi.org/10.3390/waste1030046

3. Rizwan M., Ali S., Qayyum M. F., Adrees M., Ibrahim M., Zia-Ur-Rehman M., Farid M.,
Abbas F. (2017). Effect of metal and metal oxide nanoparticles on growth and physiology of food
crops. Journal of Hazardous Materials. 322, 2 — 16 https://doi.org/10/1016/j.jhzmat.2016.05.061

4. Sumalan R.L., Nescu V., Berbeccea A., Sumalan R.M., Crisan M., Negrea P., Ciulca
S. The impact of heavy metal accumulation on some physiological parameters in Silphium
perfoliatum L. grown in hydroponic system. Plants, 2023. 12(8), 1718
https://doi.org/10.3390/plants12081718

5. Pagnotta M.A. Molecular breeding of abiotic stress tolerance in crops: recept
developments and future prospective. International Journal Molecular Science. 2025. 26(18),
9164 https://doi.org/10.3390/ijms26189164

6. William J.K.S., Jobi X. Effect of heavy metals on the pigmentation and photosynthetic
capability in Jacobea maritime (L.) Pelsel & Meiden. Plant Science Today. 2023. 10(4), 192-197
https://doi.org/10.14719/pst.2490

7. Kazemsouve M., Hatamian M., Tesfamaniam T. Plant dround stage influences heavy
metal accumulation in leafy vegetables of garden cress and sweet basil. Chemical and biological
technologies in Agriculture, 2023. 25(6) https://doi.org/10.1186/s40538-019-0170-3

8. Xu, X., Smaczniak, C., Muino, J., Kaufmann, X. (2021). Cell identity specification in
plants: lessons from flower development. Journal of Experimental Botany. 72(12), 4202 — 4217.
https://doi.org/10.1093/jxb/erab110

9. Sootahar R.K., Sootahar M.K., Lin M., Rais N., Jamro G.M., Rais M.N., Igbal R., Ditta
A., Eldin S.M., Ali I., Alwahibi M.S., Elshikh M.S., Kumarasamy V. In vitro early vegetative growth
of Tomato (Solanum lycopersicum L.) cultivars under salt stress. Pol.J.Environ.Stud, 2024. 33(5),
5879 — 5885 https://doi.org/10.15244/ploes/183451

10. Hdedeh O., Mercier M., Poitout A., Martiniére A., Zelazny E. Membrane nanodomains
to shape plant cellular functions and signaling. New Fhytologist, 2024. 245(4), 1369 — 1385
https://doi.org/10.1111/nph.20367

References

1. Food and Agriculture Organization of the United Nations (2024). Potato production
statistics. FAO. https://www.fao.org/potato/en/

2. Raji, Z., Karim, A., Karam, A., Khalloufi, S. (2023). Adsorption of heavy metals:
mechanisms, kinetics, and application of various adsorbents in wasterwaster remediation — a
review. Journals Waste, 1(3), 775 — 805 https://doi.org/10.3390/waste1030046

3. Rizwan M., Ali S., Qayyum M. F., Adrees M., Ibrahim M., Zia-Ur-Rehman M., Farid M.,
Abbas F. (2017). Effect of metal and metal oxide nanoparticles on growth and physiology of food
crops. Journal of Hazardous Materials. 322, 2 — 16 https://doi.org/10/1016/j.jhzmat.2016.05.061

4. Sumalan, R.L., Nescu, V., Berbeccea, A., Sumalan, R.M., Crisan, M., Negrea, P.,
Ciulca, S. (2023) The impact of heavy metal accumulation on some physiological parameters in
Silphium  perfoliatum L. grown in hydroponic system. Plants, 12(8), 1718
https://doi.org/10.3390/plants12081718

5. Pagnotta, M.A. (2025). Molecular breeding of abiotic stress tolerance in crops: recept
developments and future prospective. International Journal Molecular Science. 26(18), 9164
https://doi.org/10.3390/ijms26189164

19


https://www.fao.org/potato/en/
https://doi.org/10.3390/waste1030046
https://doi.org/10/1016/j.jhzmat.2016.05.061
https://doi.org/10.3390/plants12081718
https://doi.org/10.3390/ijms26189164
https://doi.org/10.14719/pst.2490
https://doi.org/10.1186/s40538-019-0170-3
https://doi.org/10.1093/jxb/erab110
https://doi.org/10.15244/ploes/183451
https://doi.org/10.1111/nph.20367
https://www.fao.org/potato/en/
https://doi.org/10.3390/waste1030046
https://doi.org/10/1016/j.jhzmat.2016.05.061
https://doi.org/10.3390/plants12081718
https://doi.org/10.3390/ijms26189164

Haykosi 3anucku. bionorivni Haykun. 2026. Ne 1

6. William, J.K.S., Jobi, X. (2023). Effect of heavy metals on the pigmentation and
photosynthetic capability in Jacobea maritime (L.) Pelsel & Meiden. Plant Science Today. 10(4),
192-197 https://doi.org/10.14719/pst.2490

7. Kazemsouve, M., Hatamian, M., Tesfamaniam, T. (2019). Plant dround stage influences
heavy metal accumulation in leafy vegetables of garden cress and sweet basil. Chemical and
biological technologies in Agriculture. 25(6) https://doi.org/10.1186/s40538-019-0170-3

8. Xu, X., Smaczniak, C., Muino, J., Kaufmann, X. (2021). Cell identity specification in
plants: lessons from flower development. Journal of Experimental Botany. 72(12), 4202 — 4217.
https://doi.org/10.1093/jxb/erab110

9. Sootahar, R.K., Sootahar, M.K., Lin, M., Rais, N., Jamro, G.M., Rais, M.N., Igbal, R.,
Ditta, A., Eldin, S.M., Ali, I., Alwahibi, M.S., Elshikh, M.S., Kumarasamy, V. (2024). In vitro early
vegetative growth of Tomato (Solanum lycopersicum L.) cultivars under salt stress.
Pol.J.Environ.Stud. 33(5), 5879 — 5885 https://doi.org/10.15244/ploes/183451

10. Hdedeh, O., Mercier, M., Poitout, A., Martiniére, A., Zelazny, E. (2024). Membrane
nanodomains to shape plant cellular functions and signaling. New Fhytologist. 245(4), 1369—
1385 https://doi.org/10.1111/nph.20367

Haci6oB XikmeT Hacip

[OLIEHT, 3aCTYMHWK ronosu

HaykoBo-gocnigHoro iHCTUTYTy OBOYIBHULTBA
OepxaBHa topuanyHa ocoba, baky, AsepbaiigpxaH
nesibov.hikmet@teti.az
orcid.org/0009-0003-4769-0977

XacaHsaga AnxaH Bigagi,

CTyAeHT MarictpaTypu bakuHcbKoro AepXaBHOro yHiBepcuTeTy
ayxanhesen1234@gmail.com

orcid.org/0009-0006-8652-5853

Kynysapa 3eka Hazsip,

marictpaHT BaknHCLKOro AepXKaBHOTO yHIBepeuTeTY
BakuHcbkuin gepxaBHui yHiBepcuTteT, Baky, AsepbainmkaH
orcid.org/0009-0004-3964-2277

BpoHHikoBa J1. I.

MOIIOALLMNIA HAaYKOBUIA CNIBPOGITHUK

IHcTUTYT chisionorii Ta reHeTvku pocrinH HAH Ykpainu,
KwiB, YkpaiHa

Zlenko_lora@ukr.net

orcid.org/0000-0002-8103-0548

BNNnMB HAHOYACTMHOK OKCUAIB 3ANI3A TA MiAl HA IHOYKLIIO
KANIOCY TA PEFTEHEPALIIO KAPTOMMII
(SOLANUM TUBEROSUM L., COPT TEJIbMAH) IN VITRO

Kapmonns wupoko sukopucmosyembcs ik MoOesibHUl 8ud Orisi AOCTIOKeHb Ky bmypu
POCIIUHHUX MKaHUH, MIKDOPO3MHOXEHHSI ma 2eHemu4yHo20 800CKOHaneHHs 3as0sKu
c80ill Yymnusocmi 0o MaHinynsayid in vitro ma eKoHOMIYHIl 3Havywocmi. 3aniso (Fe) ma
Mmidb (Cu) € saxrnugumu MikpoernemeHmamu, wo 6epyms ydacmsp y pyHOamMeHmarnbsHUX
¢pisionoeiyHux ma bioxiMiYHUX rpoyecax y pocruHax. 3acmocyeaHHs HaHO4YacmUuHOK
okcudy Memary Hewo0asHO 8USIBUIIOCST MePCrieKmusHo cmpameaieto Orisi rokpa-
weHHs1 6iodocmyrnHOCMI MOXUBHUX PEeYO8UH ma MOPEO2EHHUX peakyill y Kyrbmypi
POCIUHHUX MKaHUH. Y LboMy O0CTiOXeHHI sugqariu ernniue HaHo4YacmuHOK oKcudy 3ariisa
(Fes0,) ma okcudy midi (CuQ) Ha iHOyKUjtO Karocy ma pezeHepauito in Vitro kapmorni

20


https://doi.org/10.14719/pst.2490
https://doi.org/10.1186/s40538-019-0170-3
https://doi.org/10.1093/jxb/erab110
https://doi.org/10.15244/ploes/183451
https://doi.org/10.1111/nph.20367
mailto:ayxanhesen1234@gmail.com

HAYKOBI 3BAMNMUCKM HAY im. M. TOIrOnA

(Solanum tuberosum L., copm TernbmaH). EkcrinaHmamu, KyribmueogaHi Ha cepedosulli
Mypauwiee ma Ckyea (MS), dornogHeHOMY onmumMarnbHUMU KOHUeHmpauismMu HaHo4Yac-
muHok Fe ma Cu, deMoHcmpysarnu 3Ha4HO roKpauweHe chopMy8aHHs Kartocy, peceHe-
paujito rna2oHie ma 8KOpPIHEHHST MOPIBHSIHO 3 KOHMporieM. Haenaku, suwi KoHUeHmpauii
HaHOYacmUHOK He2amugHO 8rIUHYIU Ha Mopgbo2eHe3, UMO8IPHO, Yepe3 OKUC/IHo8arb-
HUl cmpec, iHOyKkoeaHuUll HaHoYacmuHKamu. Lli pesynsmamu deMoHCmpyomp rMomeH-
uian HaHo4YacmuHOK okculy 3ariiza ma Midi ik e¢beKmueHUX MOOYIsSImopig Kysbmypu
MKaHUH Kapmonsi fpu 3acmocy8aHHi y ei0rnosiOHUX KOHUueHmpauisx. Pesynbmamu
cg8i@uyamp rPo me, WO HaHOYaCMUHKU He fuwe 8riugarome Ha paHHi MoOpgho2eHemuyHi
peakuii, ane U matomb mpueanull rnnue Ha fpPUXUGIEeHHSI POC/UH, WO € KPUMUYHO
8axkrueum 01151 yCrilWHO20 epeHeceHHs 3 yMo8 in Vitro 0o yMos ex Vitro.

Takum YUHOM, KOHMPObo8aHe 3acmocysaHHs HaHoYacmuHok Fe;O, ma CuO e
riepcriekmueHo0 cmpameazieto Ornsl Mid8ULEHHsT eghbeKmueHoCMI Kyrbmypu MmKaHUH
Kapmonri. 3a2anom, OaHi cei@4ampb NPO me, WO 8/IU8 HaHOYaCMUHOK Ha Kyrnbmypy
MKaHUH Kapmonsii 3anexums 6i0 003U, Mpu4yoMy HU3bKI ma MOMIPHI KOHUeHmpauii no-
cusmmorms iHOYKUIO Karlrocy, peeeHepaujito nazoHie ma po3sumoK KopeHie, modi siK suLi
KoHUeHmpauii YuHsame iHeibyroquti eghekm depe3 okucrnreanbHuli cmpec. PocrnuHu,
peaeHeposaHi 3a onmumMarbHOi 06pobKU HaHOYacmuHKamu, OeMOHCmpPy8arsu rokpaue-
Hy PoOyKMUBHICMb 8KOPIHEHHS mMa UL MOKa3HUKU 8UXXUBaHHS Mid Yac akrimamu3auj.
OdHak, nidsuweHi KoHUeHmpauji HaHo4acmuHok Cu ripuseenu 00 3Ha4YHO20 3HUXKEHHST
eghekmusHocmi pezeHepauii. Lle 3HUXeHHS c8id4umb Mpo MOMeEHUYiUHY MOKCUYHICMb,
iHOyKo8aHy MO0k, iIMOBIPHO, NMO8'a3aHy 3 MOPYWEHHSIM KITiIMUHHOZ0 OKUCHO-8i(0HOBHO20
eomeocmasy ma HaOMipHUM HaKormnuYeHHsIM akmueHux ¢gpopm KucHio (ROS).

Knroyoei crioga: Solanum tuberosum L., HaHoYacmuHKU okcudy 3ari3a, HaHO4YacmUuHKU
okcudy midi, IHOYKUis1 Karocy, peaeHepauis in vitro, HaHobiomexHosnoais
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