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Abstract

Potato (Solanum tuberosum L.) is one of the leading agricultural crops in the Republic of Kazakhstan.
However, its productivity is declining due to viral diseases and the ineffectiveness of traditional seed production,
necessitating the use of biotechnological methods to obtain improved seed material. determine the optimal
conditions for mineral and hormonal nutrition to increase the efficiency of growth and development of microplants
of Romano and Riviera varieties in in vitro culture. Cultivation was carried out on modified Murashige-Skoog and
White media with varying sterilization, hormonal supplements, and macro- and microelement concentrations.
Morphogenesis, root system development, and the multiplication rate were assessed. Variety-specific responses to
the medium composition were identified; optimization of mineral and hormonal nutrition contributed to enhanced
morphogenesis and an increase in the multiplication rate, which allows for the improvement of technologies for
the production of improved planting material.

Keywords: potato, in vitro, nutrient medium, Romano, Riviera, morphogenesis, microclonal propagation,
hormonal additives.

«POMAHO» )KOHE «PUBBEPA» KAPTOII COPTTAPBIHBIH IN VITRO
MOJAEHUETIHAE MOP®OTI'EHE3IHE 9PTYPJII KOPEKTIK OPTAJIAPJAbIH,
9CEPI
Paxaes A.l", KanTap6aesa J.E.!

*«Manaw Kozvibaes amvindassr Conmycmix Kazaxcman ynusepcumemiy KeAK,
Ilemponasn, Kazaxcman
“Xam-xabap yuin asmop: rakaev.arman@mail.ru

Anjarna

Kapronm (Solanum tuberosum L.) Kazaxcran PecnyOmmkachIHBIH >KETCKIII aybld NIAPYaIIbLIBEBI
JAKBUTAAPBIHBIH Oipi OOBIN TAOBLIARI, aNaiaa OHBIH OHIMIITTI BHPYCTHIK aypyJapFa jKOHE IOCTYPIl TYKbIM
IMAPYAIMBLTBFBIHBIH THIMIITITIHIH JKSTKUTIKCI3airiHe OAMIAHBICTHI TOMCHACHAI, OYJI CAyBIKTBIPY MATCPHAJBIH
anyaplH, OHOTCXHOJOTHSIBIK OMICTCPIH KOMTAHY KAKCTTIMITIH HETi3acHmi. 3epTrey Makcarsl in  Vitro
MozeHueTiHAe PoMaHO skoHe PuBbepa cOpPTTApbIHBIH MHKPOOCIMAIKTEPIHIH 6CYl MCH JAMYBIHBIH THIMIUITIH
apTTHIPY VINIH MHHEPANABI >KOHE TOPMOHAIIBI TAMAKTAHYIBIH OHTAHIBI >KAFAAWIApBIH AaHBIKTAy. OCIpY
3apapChI3IAHABIPY, TOPMOHAIIABI KOCHAIAP KOHE MAKPO JKOHE MHUKPOICMEHTTEPAIH KOHICHTPALISCH 63TCPIeH
Mypacure-Ckyr »oHe YaT opramapeiHaa Xypriziami. MopdoreHes, TaMbIp >KYHECIHIH JaMybl XKOHE K600
ko3 durmenTi 6arananapl. OpTaHBIH KYPaMbIHA COPTTHIK-CHICIM(HKAIBIK PEaKIIAP OPHATHLLIBL, MHHEPAIIbI
JKOHC TOPMOHAJIIB TAMAKTAHY Il OHTAHTAHIBIPY MOP(OTCHE3A1H MKOFAPBLIAYBIHA KOHE KOOSO KOI(D(HUIIMCHTIHIH
JKOFAPBLIAYBIHA BIKMAJ €TTi, OyJ CaybIKTBIPY OTBIPFBIZY MATEPHANBIH OHIIPY TEXHOJOTHACHIH JKETLIIPYIE
MYMKIHIIK Oepei.
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AHHOTAHSA

Kaprogens (Solanum tuberosum L.) sBISeTcs OTHON W3 BEAYHIMX CEIbCKOXO3SMCTBEHHBIX KYIBTYP
Pecyomukn  KazaxcraH, OmHAKO ©r0 MPOAYKTHBHOCTh CHIDKACTCA M3-32 BHPYCHBIX 3a00JCBAHHH U
HEOCTATOYHOH 3((EeKTUBHOCTH TPAIWUIMOHHOTO CEMCHOBOJCTBA, 4YTO OOYCJIOBIMBACT HEOOXOIUMOCTH
MPUMCHEHIA OHOTEXHOJIOTHYCCKHX METOJOB IOIYyUCHHS O370POBJICHHOTO MaTepmana. Llexp mccnenoBaHu —
OTIPEJICIUTH ONTUMAJIBHBIC YCIOBHS MHHEPATHHOTO W TOPMOHAIBHOTO MUTAHKS I MOBBIICHIS 3(D(DEKTHBHOCTH
pOCTa B pa3BHTHA MUKPOPACTCHHI COpTOB PoMaHO 1 PuBbepa B Ky IbType i vifro. Ky IbTHBHPOBaHNE IPOBOAMIH
Ha MO u(HUIMPOBAHHBIX cperax Mypacure-Ckyr m YalT ¢ BapbHPOBAaHWEM CTEPHIM3ALHM, T'OPMOHAIBHBIX
J100aBOK M KOHLCHTPALMHA MAKpPO- H MHKPO3IIEMEHTOB. OTIcHUBAIM MOP(OTEHE3, Pa3BUTHE KOPHEBOH CHCTEMBI H
K03 HIEHT Pa3MHOMKEHHA. YCTAHOBICHBI COPTOCHECHM(HICCKUE PEAKIMH HA COCTaB CPEZ, ONTHMH3ALMS
MHHEPATbHOTO W TOPMOHAILHOTO IUTAHUS CIOCOOCTBOBANA YCHJCHHIO MOP(OTCHE3a M IOBBILICHUIO
ko3 duIeHTa pa3MHOKEHHUS, YTO MO3BOJIIET COBEPIICHCTBOBATH TCXHOIOTHH IPOH3BOICTBA 0310POBICHHOTO
MOCAJ0YHOTO MaTEpHana.

Kmouesnie ciioBa: xaproderns, in vitro, marateabHasA cpeaa, PomaHo, PuBbepa, MOP(OTCHE3, MEKPOKIIOHATBHOC
Pa3MHOKSHHE, TOPMOHATBHBIC JOOABKH.

Introduction

Potato (Solanum tuberosum L.) is one of the leading agricultural crops worldwide and
occupies a key position in the food security systems of many countries, including the Republic
of Kazakhstan [1]. According to the Food and Agriculture Organization of the United Nations
(FAO), this crop is cultivated in more than 150 countries worldwide, covering approximately
19 million hectares of agricultural land [2]. Within Kazakhstan’s agricultural sector, potato is
one of the key crops, serving as a raw material for the processing industry. According to the
World Potato Congress report dated 20 February 2020, Kazakhstan ranks 20th globally in
potato production (3.807 million tonnes), placing it among the top 25 leading countries [3].

As the world’s fourth most important agricultural crop after rice, wheat, and maize, potato
plays a key role in global food security. Nevertheless, it is often underestimated, being
associated with a high starch content and the risk of obesity. However, modern studies indicate
that potato is not only a source of energy but also a rich reservoir of vitamins, minerals, and
antioxidants capable of preventing chronic diseases [4].

High nutritional value, versatile use, and a substantial contribution to the population’s
diet necessitate the stable achievement of high yields of this crop. However, one of the main
factors limiting potato productivity remains the widespread occurrence of viral, bacterial and
fungal diseases, resulting in a significant reduction in yield and tuber quality [5, 6, 7].

Modern potato seed production is impossible without the application of biotechnological
methods, in particular in vitro plant culture, which enables the production of genetically
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uniform and phytosanitary planting material [8]. The use of microclonal propagation ensures
accelerated multiplication of the initial material and makes it possible to increase the
multiplication coefficient by more than twofold compared with conventional methods. It has
been established that under complete virus infection, potato yield may decrease by a factor of
2-3 relative to the cultivar’s potential yield, underscoring the relevance of developing effective
plant sanitation technologies [9].

One of the key factors determining the success of in vitro potato culture is the composition
of the nutrient medium. Despite the widespread use of standard media such as Murashige—
Skoog medium, plant responses to individual components are distinctly cultivar-specific.
Diftferences in the requirements of potato cultivars for macro- and microelements, vitamins, and
growth regulators can significantly affect morphogenesis, shoot growth, root system
development, and the multiplication coefficient [10, 11, 12].

Accordingly, a comparative assessment of the effects of different nutrient media and their
components on the growth and development of potato cultivars ‘Romano’ and ‘Riviera’ in in
vitro culture is pertinent. The results obtained will enable the optimization of microclonal
propagation conditions, improve the efficiency of producing disease-free planting material, and
promote the implementation of biotechnological developments in potato seed production
practice [13].

The aim of the study was to evaluate the effect of different nutrient media on the growth
and development of the ‘Romano’ and ‘Riviera’ cultivars in in vitro culture in order to optimize
microclonal propagation.

Research materials

The methodological framework of the study was based on contemporary principles of
plant biotechnology, plant physiology, and potato seed production. The study employed in vitro
plant tissue culture methods, including explant sterilization, the preparation and modification
of nutrient media, and cultivation of plants under controlled conditions.

To analyze the results obtained, laboratory methods were used to assess plant
morphometric parameters; methods of comparative analysis of the growth and development of
microplants; statistical processing of experimental data to evaluate the statistical significance
of the results obtained.

The study material comprised seeds of potato cultivars ‘Romano’ and ‘Riviera’.

The ‘Romano’ cultivar was bred in the Netherlands in the late 20th century by the
breeding company HZPC Holland B.V. It was developed for table use and is adapted to a range
of climatic conditions.

‘Riviera’ is an early-maturing cultivar of Dutch breeding developed by Agrico. It was
bred to obtain an ultra-early harvest under a short growing season.

The experiments were conducted in the Biotechnology Laboratory of M. Kozybayev
North Kazakhstan University.

Preparation and sterilization of seeds. The seeds are washed under running water using
a mild detergent. Sterilization is then carried out: the seeds are immersed in 70% ethanol for 2
minutes. After disinfection, the seeds are rinsed repeatedly with sterile water to remove residual
reagents. Alternatively, a 10-15% sodium hypochlorite (NaOCl) solution or 0.1% HgCl»
(mercury chloride) may be used; however, hypochlorites are less toxic and are often more
effective for potato. All procedures are performed in a laminar flow hood.

After sterilization, the seeds were aseptically introduced into the culture by seeding on
nutrient media. Seeding was carried out under sterile conditions in compliance with aseptic
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requirements: work surfaces, tools and hands were treated with ethyl alcohol, while the
instruments were regularly replaced or additional sterilized at each stage of the manipulations.

Experimental studies were conducted for two years with the periodic introduction of seeds
into the culture in the winter and spring period. Cultivation was carried out on Murashige—
Skoog and White nutrient media. During the experiment, systematic observations were carried
out on the reaction of seeds and the development of seedlings, depending on the composition
of the nutrient medium.

Nutrient media. Standard Murashige—Skoog (MS) medium and White medium were used,
modified in terms of the concentrations of macro- and microelements, vitamins, and
phytohormones (gibberellic acid, cytokinins). The MS medium is characterized by high ionic
strength and a high content of nitrogen and vitamins, which stimulates biomass accumulation.
The White medium has a low mineral (salt) content and is suitable for root crops.

Cultivation was carried out at 22-25°C, under an illumination of 2000-3000 Ix, with a
16/8 h photoperiod. Growth assessment included measurements of plant height, the number of
leaves and internodes, root length, and the multiplication coefficient.

Statistical analysis was performed using Statistica 10.0, with calculation of means,
standard deviations, and significance of differences according to Student’s t-test (p < 0.05).

Results of the study

During the experiment, the influence of two nutrient media—the standard Murashige—
Skoog (MS) medium and the modified White medium (with altered concentrations of macro-
and microelements, vitamins, and phytohormones: gibberellic acid and cytokinins)—on the
morphogenesis of potato cultivars ‘Romano’ and ‘Riviera’ in in vitro culture was evaluated.
The observations showed that the two cultivars exhibited different morphological responses to
the medium composition. On the standard Murashige—Skoog (MS) medium, shoot formation
and leaf biomass accumulation were moderate, whereas the modified White medium was
associated with more active shoot growth, increased leaf size, and stem branching.

The cultivar ‘Romano’ exhibited more intensive shoot branching on the modified medium,
whereas the cultivar ‘Riviera” showed more pronounced root system development, particularly on the
medium with elevated potassium and phosphorus concentrations.

Table 1. Growth of potato shoots and roots on different culture media

. Nutrient Shoot length | Number of | Number Shoot
Cultivars . Leaf color s
medium (cm) leaves of roots branching
‘Romano MS 35+02 5,0+0,3 5,2+0,6 Green Average
Romano White 43+£03 62+04 | 56+05 | Darkgreen High
medium
Riviera MS 32+0.3 4.8+0,.3 6,0+ 0,5 Green Average
Riviera White 39404 56£04 | 65405 | Darkgreen | Average
medium

An analysis of table 1 shows that the composition of the nutrient medium exerts a
significant effect on the morphogenesis of potato cultivars ‘Romano’ and ‘Riviera’ in in vitro
culture. Both cultivars exhibited greater shoot growth than on the standard MS medium. Thus,
the mean shoot length of the ‘Romano’ cultivar increased by 223%, from 3.5+ 0.2 cm on MS
to 4.3 £ 0.3 cm on White medium. The ‘Riviera’ cultivar likewise increased of ®22%, from 3.2
+ 0.3 cmto 3.9+ 0.4 cm. This indicates a stimulatory effect of the nutrients and phytohormones
present in the White medium on shoot development. An increase in leaf number on the White
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medium was observed in both cultivars: ‘Romano’— by =24%, from 5.0 £ 0.3 t0 6.2 + 0.4
leaves; ‘Riviera’— by =17%, from 4.8 £ 0.3 to 5.6 + 0.4 leaves. An increase in leaf number is
indicative of enhanced photosynthetic activity and overall biological productivity of plants on
a nutrient-rich medium. Root system development: Cultivar ‘Romano’ showed a moderate
increase in root number by =8%, from 52 + 0.6 to 5.6 = 0.5, whereas cultivar ‘Riviera’
exhibited a more pronounced rhizogenic capacity, increasing by 8%, from 6.0 £ 0.5 to 6.5 +
0.5. This indicates cultivar-specific differences: ‘Riviera’ responds more actively to improved
culture conditions with respect to root formation. Leaf color: Foliage coloration was more
intense on White medium: leaves of both cultivars were dark green compared with the green
coloration observed on MS medium. The intense leaf coloration indicates good plant health and
elevated chlorophyll content, reflecting the positive effects of micronutrients and
phytohormones in the medium. Active shoot branching was observed on White medium,
which stimulated shoot branching in the ‘Romano’ cultivar, increasing it from “medium” on
MS to “high” on White. At the same time, the ‘Riviera’ cultivar maintained moderate shoot
branching, with a concomitant emphasis on root system development.

The modified White medium positively affects morphogenesis in potatoes of both
cultivars, stimulating shoot growth, increasing leaf number, intensifying leaf biomass
coloration, and promoting stem branching (table 2). Cultivar-specific differences were
observed: ‘Romano’ is more responsive to stimulation of shoot branching, whereas ‘Riviera’ is
more responsive to root system development. These data indicate the need to select an optimal
nutrient medium composition, taking cultivar-specific characteristics into account, to ensure
effective microclonal propagation and morphogenetic development of potato in in vitro culture.

Table 2. Morphological characteristics of microplants

Cultivar Nutrient medium Stem(ﬁrirci;(ness Lea(fclrir)lgt h Leaf color brir}:g}iilg
Romano MS 2,1+£0.1 1,8+0,1 Green Average
Romano White medium 2,5+0.2 23+0.2 Dark green High
Riviera MS 1,9+ 0,1 1,7+ 0,1 Green Average
Riviera White medium 22+0.1 2,0£0,1 Dark green Average

Based on table 2, it may be noted that analysis of the morphological characteristics of
microplants showed that the composition of the nutrient medium exerts a marked effect on stem
thickness, leaf length, leaf color, and shoot branching in the potato cultivars ‘Romano’ and
‘Riviera’ under in vitro culture. On the modified White medium, an increase in stem thickness
was observed in both cultivars. The ‘Romano’ cultivar increased stem thickness by ~<19% from
2.1 £ 0.1 mm on Murashige-Skoog (MS) medium to 2.5 + 0.2 mm on White medium. The
‘Riviera’ cultivar exhibited growth of *<16% from 1.9+ 0.1 mm to 2.2 + 0.1 mm. Thicker stems
indicate improved mechanical strength of the plants and a favorable effect of nutrients and
phytohormones on shoot structural development. An increase in leaf blade length on White
medium was recorded in both cultivars. In ‘Romano’, leaf length increased by ~28% from 1.8
+0.1cmto2.3+0.2 cm, and in ‘Riviera’ — by =18% from 1.7+ 0.1 cm to 2.0+ 0.1 cm. This
indicates more active photosynthetic development and higher overall biological productivity of
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the microplants when cultured on an improved nutrient medium. Leaves on MS medium were
green, whereas those on White medium were dark green. Such coloration indicates a high
chlorophyll content and good plant health. The more intense leaf coloration indicates the
positive effect of the micronutrients and phytohormones present in the modified medium on
plant metabolism. Shoot branching: The ‘Romano’ cultivar exhibited a significant increase in
branching, from “medium” on MS to “high” on White medium, whereas the ‘Riviera’ cultivar
maintained moderate branching on both media.

Thus, the ‘Romano’ cultivar is more responsive to the stimulation of shoot branching,
whereas ‘Riviera’ is characterized by a greater orientation toward root system formation, as
also shown in table 1

Figure 1- Romano — MS nutrient medium Figure 2 - Romano — White medium

Figure 3 - Riviera— MS nutrient medium Figure 4 - Riviera— White medium
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Figure 5- Regenerant plant Romano Figure 5 - Regenerant plant Riviera

The modified White medium exerts a positive effect on the morphological traits of
microplants of both cultivars. The following are observed in this medium:

* increased stem thickness and leaf length,

» more intense green leaf coloration,

» enhanced shoot branching in the cultivar ‘Romano’.

The results underscore cultivar-specific characteristics of morphogenesis: the cultivar
‘Romano’ exhibits an active response to shoot stimulation, whereas the cultivar ‘Riviera’
predominantly focuses on root system development and moderate branching. These data
confirm the importance of optimizing nutrient medium composition in a cultivar-specific
manner to ensure efficient in vitro cultivation of potato microplants and to improve their
morphological characteristics.

Discussion

The results show that potato morphogenesis in vitro is strongly dependent on the
composition of the nutrient medium. Modified White medium, enriched with phytohormones
and with altered element concentrations, stimulated shoot growth, stem branching, and the
development of leaf biomass in both cultivars.

Cultivar-specific differences were as follows: ‘Romano’ exhibited more active shoot
branching, whereas ‘Riviera’ showed a greater capacity for root formation. This is consistent
with findings reported in the literature on the effects of macronutrients and phytohormones on
morphogenesis in tuber crops.

Leaf color and overall cultivar morphology also served as indicators of plant health: an
intensely green coloration and sturdy shoots indicate a favorable medium composition.

Conclusion

1 The nutrient medium composition has a significant effect on the morphogenesis of the
potato cultivars ‘Romano’ and ‘Riviera’ under in vitro culture conditions.

2. The modified White medium enhances shoot growth, leafbiomass, and stem branching
relative to the standard MS medium.

3. The cultivar ‘Romano’ is more responsive to branching stimulation, whereas ‘Riviera’
IS more responsive to root system development.
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4. Optimization of the nutrient medium composition increases the efficiency of

microclonal propagation of potato and its morphogenetic activity.

Jlureparypa:

1. Kenshimov A. Analiz otrasli «Sel'skoe hozyajstvo» / Almaty. — 2019. — p.5-81

2. AmmcmmoB B.B., Cmmakos E.A., XKesopa C.B. u ap Kaprodens: mpon3BoacTBO, MOTPSONICHHE,
TCHICHIMH PHIHKA, PETJIAMEHTHI KAa4eCTBA, MMPOTHO3HI U NepcTieKTHBEL — Yebokcapsr: Hosoe Bpems, 2022.
—-66cC.

3. «World revised figures show halt in rise in potato production» / February 25, 2020.
https://potatocongress.org/world-revised-figures-show-halt-in-rise-in-potato-production

4. Nutritional composition of potatoes and their impact on human health - Literature Review // Europotat —
2024, april.

5. Toxbeprenosa JK.O. KapTom JakpLIBIH MEKPOKIOHIB! K6OeHTY. — Ammarsr, 2008. 30 0.

6. Argynbayeva, AM, Daurov, DL, Sapakhova, ZB, Zhambakin, KZ, Shamekova, MK. (2023). Potato
viruses in Kazakhstan and methods for obtaining virus-free seed material. Bulletin of the LN Gumilyov
Eurasian National University. Bioscience Series, 144(3), 54-68. DOIL: 10.32523/2616-7034-2023-144-3-
54-68.

7. Tessema, L., Kakuhenzire, R., Seid, E., Tafesse, S., Tadesse, Y., Negash, K., McEwan, M. (2024).
Detection of six potato viruses using double antibody sandwich ELISA from in vitro, screen house and field
grown potato crops in Ethiopia. Discover Applied Sciences, 6(3), 79. DOIL: 10.1007/s42452-024-06832-9.
8. Gopal, J., Khurana, S.M.P. Handbook of Potato Production, Improvement, and Postharvest
Management. - CRC Press, 2021. - 624 p.

9. O¢ddexTHBHOCT NPUMEHCHHSI OHOTEXHOJOTHYECKHX METOJOB B OPHTHHAIBHOM CEMCHOBOJCTBC
kaprodens B PI'BHY «Kemeposckuit HUIMCX>» // PazBuTre HOBBIX TEXHOJIOTHI CENCKIIMH U CO3TAHHUE OT
CUCCTBCHHOTO KOHKYPCHTHOCHOCOOHOTO CEMCHHOTO (PoHAA KapTO(Cea: MATCPHANBI MCKIYHAD. HAYY.-
npakr. koH}. — 2016. — C. 72-76.

10. Xomaesa B. I1., Kymukosa B. Y. PasmuosxeHHE cOpTOB KapTo(ens B KyIbType in Vitro Ha pa3auIHbIX
MUTATeNbHBIX cpenax // Jocrwkennst Hayku U TexHUKH AITK. —2016. — T. 30, Ne 10. — C. 66-68.

11. Pomanosa M.C., Xakcap E.B., Hosuxos O.0O., Jlcorosa H.1., CemeHoB A.I'. BiusaHue pa3muaHBIX
COCTABOB NMHUTATCIHHOM CPEIbl HA PAa3BUTHE MHKpOpacTeHHil kaprodemns copra AHToHmHAa. CuOmpckuit
BECTHHK CEIILCKOX03AUCTBEHHOM Hayku. 2020;50(6):26-36.

12. HoBuxos O.0., Pomanosa M.C., Xakcap E.B., Jlconosa H.W., Kocurosa E .M. Bsaue pa3muaHBIX
COCTABOB IUTATEILHOM Cpenbl Ha pa3BUTHE MUKpopacTeHuil kaprodemns copra ComHeunbii. CHOMPCKUH
BECTHHK CEIILCKOXO3AUCTBEHHOM Hayku. 2021;51(6):11-21.

13. Jdemuyk M.B. O HCOOX0IHMOCTH BHICOKOTIPOAY KTHBHBIX JTHHHUI TPH 0310 POBICHHH COPTOB KapTodemst
6uorexnomormieckumu Merogamu // Kaproderesoacrso: ¢6. Hayu. p. M., 2007. T.13. C. 27-37

References:

1. Kenshimov A. Analysis of the Agricultural Industry / Almaty. — 2019. — pp. 5-81

2. Anisimov B.V., Simakov E.A., Zhevora S.V. et al. Potatoes: Production, Consumption, Market Trends,
Quality Regulations, Forecasts and Prospects. — Cheboksary: Novoye Vremya, 2022, — 66 p.

3. "World revised figures show halt in rise in potato production" / February 25, 2020.
https://potatocongress.org/world-revised-figures-show-halt-in-rise-in-potato-production

4. Nutritional composition of potatoes and their impact on human health - Literature Review // Europotat —
2024, April.

5. Togbergenova Zh.A. Kartop daqylyn microklondy kobeytu. — Almaty, 2008. 30 b.

6. Argynbayeva, AM, Daurov, DL, Sapakhova, ZB, Zhambakin, KZ, Shamekova, MK. (2023). Potato
viruses in Kazakhstan and methods for obtaining virus-free seed material. Bulletin of the LN Gumilyov
Eurasian National University. Bioscience Series, 144(3), 54-68. DOI: 10.32523/2616-7034-2023-144-3-
54-68.

7. Tessema, L., Kakuhenzire, R., Seid, E., Tafesse, S., Tadesse, Y., Negash, K., McEwan, M. (2024).
Detection of six potato viruses using double antibody sandwich ELISA from in vitro, screen house, and


https://potatocongress.org/world-revised-figures-show-halt-in-rise-in-potato-production
https://potatocongress.org/world-revised-figures-show-halt-in-rise-in-potato-production

M. Kosbi0aes aTeinaarsl CKY Xa6apumbichbn /
Bectauk CKY umenu M. Ko3bi6aesa. Ne 1 (69). 2026 207

field-grown potato crops in Ethiopia. Discover Applied Sciences, 6(3), 79. DOI: 10.1007/s42452-024-
06832-9.

8. Gopal, J., Khurana, S.M.P. Handbook of Potato Production, Improvement, and Postharvest Management.
- CRC Press, 2021. - 624 p.

9. Efficiency of applying biotechnological methods in original potato seed production at the Kemerovo
Resecarch Institute of Agriculture // Development of new breeding technologies and creation of a high-
quality competitive potato seed stock: Proc. of the international scientific and practical conference. - 2016.
- pp. 72-76.

10. Khodaeva V. P, Kulikova V. L. Propagation of potato varieties in vitro culture on various nutrient media
/I Achievements of science and technology in the agro-industrial complex. - 2016. - Vol. 30, No. 10. - Pp.
66-68.

11. Romanova M.S., Khaksar E.V., Novikov O.0., Leonova N.I., Semenov A.G. The effect of different
compositions of growth media on the development of microplants of the Antonina potato variety. Siberian
Herald of Agricultural Science. 2020;50(6):26-36.

12. Novikov O.0., Romanova M.S., Khaksar E.V., Leonova N.I., Kosinova E.I. The effects of different
compositions of growth media on the development of microplants of the Solnechny potato variety. Siberian
Herald of Agricultural Science. 2021;51(6):11-21.

13. Demchuk I. V. On the need for highly productive lines in the improvement of potato varicties by
biotechnological methods // Potato growing: collection of scientific papers. Minsk, 2007. Vol. 13. pp. 27-
37

Information about the authors

Rakaev A. — corresponding author, Master’s student, Department of Agronomy and Forestry, Kozybayev
University, Petropavlovsk, Kazakhstan; e-mail: rakaev.arman@mail.ru;

Kantarbayeva E.E. — Associate Professor, Department of Agronomy and Forestry, PhD, Kozybayev
University, Petropavlovsk, Kazakhstan; e-mail: ¢lnara.ahmetovaa@mail.ru.



mailto:rakaev.arman@mail.ru
mailto:elnara.ahmetovaa@mail.ru

