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APPROBATION OF ACCELERATED BIOTECHNOLOGICAL
PRODUCTION OF ELITE SEED POTATOES FOR ENSURING SEED
INDUSTRY IN THE REPUBLIC OF KAZAKHSTAN

Abstract. Production of healthy seed mini-tubers is the basis for obtaining high-quality potato seed material.
The technology of pilot production of elite seed potatoes on a small scale has been developed and tested (appro-
bated) in order to accelerate the production of domestic potato seed material. The prospects of this technology
application are shown with use/availability of modern greenhouse complexes at the first stages of the technological
process of “super-superelite” category of minituber material production. Virus free plants-regenerants of domestic
high-yielding “Aksor” cultivar were obtained from a small number of tubers and propagated with the use of micro-
graftage method. Minitubers for the production of super-superelite seed material were obtained from the regenerant
plants under conditions of closed (isolated) soil/ground in the first year. In the second year of the project superelite
potato seeds were obtained from super-superelite minituber material under field conditions and were transferred to
the elite seed-growing farms for further production of seeds of “elite” category in the third year of the project imple-
mentation.

Features of this technology consist in a continuous process of obtaining healthy test-tube plants (in vitro) and
minitubers within 3 years. Conducting regular excavation of tuber material during the cultivation of plants in the
greenhouse leads to an increase in the amount of minitubers harvest from one generation, as well as to cyclical pro-
duction of super-superelite material 2 times a year. Results are the following: reduction of the period of elite seeds
production to 3 years, a low demand for production areas, a slowdown in the norms of seed material consumption
and a high coefficient of its reproduction.

Key words: potato, in vitro cultures, virus free plants-regenerants, microclonal propagation, potato original
seeds, minitubers, potato elite seed material.

Potatoes are the most important food, technical and fodder crops. In addition, being the most im-
portant and significant vegetable source of food energy, vitamins, minerals and antioxidants among forbs
(non-grain plants) in the world, potato considered as a unique product for healthy nutrition. Potato tubers
contain on the average 76-78% of water, 17-19% of starch, 1-2% of proteins, and about 1% of minerals
and vitamins [1]. In Kazakhstan, the priority direction of potato use is its production to ensure food
security of the current and future generations of the country. Potato production in the country by
profitability is one of the most promising branches of agriculture (from 50% to 300%) over the past few
years [2].

Nowadays, the issue of producing high-quality seed material remains one of the most acute in this
industry for a number of reasons. Firstly, not all regions of the republic own seed-growing farms for the
production of original and elite seed potato material, and those that are - do not cover all the needs of
potato growing farms with high-quality seeds of local cultivars. Secondly, most of the territory of our
country is not suitable for potato cultivation due to difficult climatic conditions [3]. At present, more than
190 thousand hectares of land resources in the territory of Kazakhstan are occupied for potato production,
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and the main regions in which the largest gross harvest of potatoes are recorded are Almaty, South
Kazakhstan, Pavlodar, Zhambyl and North-Kazakhstan regions [4]. With the annual domestic production
of potatoes, oriented only to the domestic market, consumers' needs are covered by only 50-60%, while
the rest of the market is occupied by imported potatoes of very different quality from Russia, Kyrgyzstan,
China and Pakistan [5,6]. The lack of a high-quality initial planting material of domestic potato varieties
in the country makes it necessary to import potato seeds of foreign selection cultivars that are not adapted
to local climatic conditions, quickly lose their qualitative characteristics, become susceptible to diseases,
thereby reducing its yields and further reproduction becomes impractical [7] . Thus, in order to increase
the efficiency of potato growing in the republic, it is necessary to organize a high-tech and cost-effective
system of virus-free potato seed production.

The existing scheme for the production of "superelite" and "elite" categories seed potatoes by the
traditional way requires from 4 to 6 years, and seed potatoes grown in the field are exposed to a high risk
of infection with viral and bacterial diseases, which to a considerable extent reduces its quality and terms
of use in further reproductions.

The risk of minituberous material contamination significantly reduces due to its cultivation in the
greenhouse complex, and elite seed potato material production reduces as well by one year with use of the
new scheme of accelerated production of healthy elite seed material on a biotechnological basis.

The accelerated scheme of healthy elite seed material obtainment was developed at the laboratory of
Plant Bioengineering and concludes the following: virus free regenerant-plants and minitubers of
domestic high-yielding potato cultivar will be obtained from a small number of tubers and propagated in
the first year of the project, followed by production of minitubers, super-superelite and superelite seed
material under closed and open soil conditions in the second year, and production of elite potato seeds
from superelite tuberous material on fields on third year. Elite potato seeds then will be transferred to the
elite seed-growing farms for further potato production.

Pilot biotechnological production of virus-free elite seed potato products of domestic varieties on the
basis of cultivation technology developed in the laboratory allowed to evaluate experimentally the pro-
fitability of this technology, to reveal the weak and strong aspects of this scheme of seed production, and
also to evaluate the prospects of such an approach for solving the problem of providing potato growing
and peasant farms with elite seed material of potatoes of domestic cultivars.

Clone selection of the initial potato tuber material, isolation of meristem material and obtaining of
healthy test-tube plants under in vitro conditions was carried out in each repeated cycle during each year.

Potato of domestic cultivar “Aksor” obtained from originator-variety at Kazakh National scientific
research institute of potato and vegetable growing (KazNIIKO) was used as an initial potato tuber
material. Cultivar characteristics: relatively heat resistant, drought-resistant, medium-ripening and
medium-yielding. The productive potential of yield is in the range of 55 t / ha. Relatively resistant to
diseases, of universal use [8].

Primary test-tube regenerant plants were obtained using method of apical meristems isolation out of
healthy sterilized potato tubers in combination with thermotherapy [9]. Further apical meristems were
transferred to the universal Murasige Skoog (MS) mediums and were cultivated in a room with regulated
light and temperature conditions [10, 11] (Figure 1).

Microclonal reproduction of potato primary test-tube plants were performed by standard method of
micro-graftage [12].

The test-tube potato regenerant plants were tested for infection with PVY, PVM, PRVL viruses using
potato virus detecting diagnostic kits. Evaluation of the ELISA results was performed on a photometer
at a wavelength of 450 nm. As a result of testing, the absence of a viral infection was detected in 19 of
21 batches (15 samples each) of test-tube potato plants. The batches of infected with virus M potato plants
were eliminated.

The virus-free plants were replicated for their further transfer to ex vitro conditions and the
production of potato minitubers in a closed ground/soil. 350 potato primary test-tube plants of “Aksor”
cultivar were obtained from 19 lines in the first year. In the second and third year there were produced
252 primary test-tube plants from 21 lines and 800 test-tube plants from 7 lines of “Aksor” potato.
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Figure 1 — Test-tube plants production from potato apical meristems

At the first stage of rooting and adaptation to the natural light and temperature conditions, potato
regenerant plants were transplanted into individual plastic cups with an autoclaved soil mixture (peat - soil
- sand in a ratio of 1:1:0,1). Plants were washed with a MS cultural medium, transplanted into aseptic soil
and placed in a light-climatic room with an 18-hour light day, humidity 70%, lighting 3000-5000 lux, and
temperature: day +25°C/night +22°C. Watering was carried out as the soil dries up with a Knopp
modified nutrient solution for normal growth and development of plants.

The second adaptation stage of cultivation was conducted 3 weeks after planting test-tube plants into
the soil/ground. Humidity in the climatic room was reduced to 56%, the temperature regime remained the
same, watering of the plants was performed twice a week. The percentage of survived potato plants at this
stage composed 92% from the number of plants that passed the first stage of adaptation. Adapted potato
test-tube plants were planted in the greenhouse complexes of the elite seed-growing farm "Orken" to
produce the original seeds.

Potato minitubers (original seeds) production

5400 pcs or 270 kg of harvest of “Aksor” potato minituberous material were obtained from test-tube
plants during their cultivation in closed soil in the first year at the site of elite seed-growing farm “Orken”.

The harvest of potato minitubers material of “Aksor” cultivar were collected in the amount of
2000 pes in winter period at “Orken” farm’s greenhouse complex from 2500 healthy test-tube plants in the
second year.

For a continuous cycle of minitubers production, all the adapted test-tube potato plants were planted
in the open ground in spring of the following year. Due to force majeure financial and climatic conditions
in the summer of 2016 and 2017, during the second and third year of the project implementation, 90 kg
and 52 kg of potato minituber material were obtained from 5000 healthy test-tube plants under the
conditions of the greenhouse and field, respectively (Figure 2).

Figure 2 — Harvest from “Aksor” cultivar minitubers
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Super-superelite seed material production from original seeds in greenhouse complexes.

In the first year of the project potato minituberous material were obtained out of 2,500 healthy test-
tube plants on the fields of the "Orken" peasant farm which was stored from October to December.
3500 pcs of potato minitubers out of 5400 saved and maintained their viability due to natural loss during
the storage period.

In January of the second year a minituberous potato seed material was placed on germination at a
temperature of +18°C + 20°C for 14 days and planted in a greenhouse complex of the “Orken” elite seed-
growing farm in order to produce super-superelite potato seed material. All necessary agrotechnical steps
were carried out during the cultivation of plants in the greenhouse in winter period and a crop of super-
super-elite potato was harvested in an amount of 150 kg and placed for short-term storage for further
planting in the spring.

Production of "super-superelite" seed material from original seeds under field conditions on the
second and third years

2000 pcs of potato minitubers of “Aksor” cultivar obtained in greenhouses in the winter period were
planted into the open ground on the second year of the project. 81 kg of potato minitubers were planted
under field conditions in the third year. All required agrotechnical measures were performed during
cultivation of plants on the fields. The harvest of seed potatoes of the "super-superelite”" category was
collected in the second decade of October of the second and third years (Figure 3). 480 kg of super-
superelite potato material were obtained in autumn of second year of project realization which composes
80% of initially expected harvest. Seed potato of super-superelite category were then stored for their
further planting in spring period.

Figure 3 — “Super-superelite category seed potato of “Aksor” cultivar

1000 kg of “super-superelite” category potato were collected in autumn of the third year which
composed 100% of initially expected harvest. Seed potato material of “super-superelite” category were
transferred to the “Orken” farm for the storage and assessment of the quality of obtained seed potato.

“Superelite” category seed material production in the field conditions and their transfer to the elite
seed-growing farms of Almaty region for the production of elite seeds and evaluation of its quality

150 kg of seed material of the “super-superelite” category of “Aksor” cultivar were planted to the
open ground in the second year considering unfavorable spring weather conditions. 432 kg of “super-
superelite” seed material of “Aksor” variety from the previous year planted in the third year.

Harvesting of potatoes was carried out in the second decade of October of the second year and in 3-4
decades in October of the third year (Figure 4).

In the second year the harvest of potato of superelite category of “Aksor” cultivar composed 315 kg.
For the third year the harvest of potatoes of this category was about 4000 kg. Obtained superelite seed
material was transferred to the seed-growing peasant farm “Orken” for further production of elite seeds
and assessment of its quality.

— 3 ——
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Figure 4 — Collection of harvest from superelite category potato

Elite seed material production. The seed material of the "superelite" category in the amount of 283
kg was planted in the field at the end of May 2017considering the negative spring weather conditions. All
required agrotechnical measures were performed during cultivation of plants on the fields. The harvest
collection of potato seed material of “elite” category in the amount of 5000 kg was performed in first
decade in October. Elite seed material was transferred to the “Orken” elite seed-growing farm for the
evaluation of seed quality for further use in the production of elite seeds.

Thus, on the basis of experimentally obtained results from pilot technology, it was shown that the
new scheme for accelerated biotechnological production of the healthy elite seed material proved the
possibility of reducing the production period of the "elite" seed material to three years on the basis of
obtaining minituber and super-superelite potato seed material in winter periods under greenhouse
conditions.

The key factors for the successful implementation of the testing production scheme are the
availability of an efficiently operating greenhouse complex for the cultivation of first-generation test-tubes
plants and adult plants.

The results of the first year of approbation showed the success of the applied biotechnological
methods for obtaining and replicating on an industrial scale of the healthy test-tube regenerant-plants. The
results of the second year of studies confirmed the prospects of cultivation of plants in a greenhouse
complex for the production of minituber seed material and super-superelite. The effectiveness of tech-
nology for obtaining seed material, taking into account the adjustment of quantitative indicators for the
third year, was as follows (in percent from expected): 100% (5 tons) of “elite” category seed material,
80% (4 tons) of “superelite” -100% (1 ton) of “super-superelite and 2% (1800 pieces/52 kg) of original
seed material (minitubers).

Summarizing, the obtained results indicated the prospects of using this accelerated technology for the
production of elite seed potatoes taking into account the identified weak points (lack of financing and the
influence of climatic factors), which allows us to further assume the possibility of effective
implementation of this technology in production/industry.
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H. I1. Maaaxosa, JI. JI. l'aaneBa, A. Xaceiin, A. A. Kaauesa, 10. A. Cknoa

KP BFM FK M. ©O. AiirxoxuH aTeiHAars! « MOJIEeKyIaIblK OHOIOTHS JXKoHE OMOXUMHUS HHCTUTYTEDY PMK,
Anmarel, Kazakcran

KA3AKCTAH PECITYBJIMKACBIHBIH TYKBIM OHJ{IPICIH KAMTAMACBI3 ETY MAKCATBIHJIA
SJIUTTI T¥KBIMABIK KAPTOINITHIH BUOTEXHOJIOTUAJBIK OHAIPICIHIH
KBITJAMJATBIIIFAH AITPOBAIIUACBI

AHHoTaums. CaybIKTBIPBUIFaH TYKBIM/IBIK MUHHU-TYHHEKTEpAI OHAIPY KapTONTBIH )KOFaphl CaNalibl TYKbIMIBIK MaTE€PHAIIbIH
ayIbIH Heri3i 6okl Tabbutagsl. KapTonThIH TYKBIMABIK OTaHIBIK MaTEPUAbIH JKbUIAAM/IATa aly YIIiH a3FaHa eHIIpICTIK Mac-
mTa0Ta MUTAIBIK TYKBIMABIK KaPTONTHIH MHJIOTTHIK OHAIPIC TEXHOIOTUSICHI JKacall IIbIFapblIabl XKoHe KaObuianasl. byt TexHo-
JIOTHSIHBI )KaHA 3aMaHFa cail KbUIbDKA KYpbUIFbUIApBl OOJIFAH JKaFIaii/ia «CyNepCynepaIuTay KaTeropHsCchlHa )KATaThIH MUHH-
TYHHEKTIK MaTepHaJI bl alyIbIH TEXHOJIOTHSIIBIK ITPOLECiHIH OipiHIN caThICHIH/A MaliAanaHy IbIH Oosamars! 6ap eKeHIIri kepce-
tingi. TyHHeKTIH a3raHa MeJIIepiHeH MUKPOKAJIEMIIIeNey 9JiCiIMeH KapTONTHIH OTaHIBIK OHIMJILUIITT )KOFapbl «AKCOP» COPTHIHBIH
CayBIKTBIPBUIFaH PEereHepaHT-oCIMIIKTEp] aNbIHABI XKHe KoOeHTinl. BipiHiIi KbUIbI pereHepaHT-oCiMIIKTEepeH XKa0bIK TOMBIPAK
JKarJalblHa CyNep-CyNepIINTAIBIK TYKBIMIBIK MaTepHall ajly YIIiH MUHUTYHHEKTep ajabIH bl EKiHIII JKBUTBI eTiCTIK JKaFaaibIH-
Jia CyIep-CyNepaUTaHbIH TYKbIMBIK MaTepHallapblHaH KapTONThIH CYNEPAIUTAIBIK TYKbIMbI aJIbIHJIbI KOHE TUTAJIBIK TYKbIM
[IapyaIlbUIbIFBI XK00ACHIHBIH YIIIHIII KBUIIBIK XK00aCckIHA OHAIPYTE «IIUTa» KAaTErOPHUsICHIHA JKATaThIH TYKbIM Oepiii.

By TeXHOTOTUSHBIH epeKIIeNiri caybIKTHIPBUIFaH TPOOUPKAIBIK 6CiMIIK (in Vifro) IeH MEHUTYHHEKTEpAl 3 KbUT OOMBI Y3-
IiKci3 amyFa HeriznenreH. JKelIbbKaiina eciMaIKTI ecipy Ke3iHae TYHHEKTIK MaTepHalabl XKYHeli Typae Ka3bin any. bip yprnakran
MHHUTYHHEKTEp/IiH OHIMIHIH CaHBIHBIH apTybl. Cynep-CynepauIuTalblK MaTepHaIbl XKBUIBIHA €Ki PeT aly MYMKIHITI. DIUTaJbIK
TYKBIM OHJIPY YaKBITHIHBIH 3 JKBUIFa JIeHiH KBICKApybl, OHJIPIC ayMarbIHBIH KaXXEeTTUIITIHIH a3al0ybl, TYKBIMABIK MaTepHAIIbIH
LIBIFBIHBIHBIH TOMEHJIEY1 )KOHE OHBI KoOeHTy K03()(DHIMEHTIHIH jKOFapbl OOIyBl OCHI TEXHOJIOTHSHBIH HOTYDKeNepl OOJbIT TaObI-
Jafbl.

Tyiiin ce3nep: xaprom, in vitro 6CKeH KIeTKajlap, caybIKThIPbUIFAH PEreHEPaHT-6CIiMIIK, MUKPOKJIOHAY apKbUIbI KOOCHTY,
KapTOITHIH 0acTanKpl TYKbIMbI, MUHH TYHHEK, KAPTOITBIH 3IUTAIIBIK TYKBIMIBIK MAaTEPHAIIBI.

H. Il. Manaxoga, JI. JI. 'aaneBa, A. Xaceiin, A. A. Kaauesa, 10. A. Ckn6a

PI'TI «MHCTHTYT MONEKYIIApHOH OMonoruu u omoxumuu uM. M. A. Aiirxoxuaa» KH MOH PK,
Anmarsl, Kazaxctan

AITPOBALINSA YCKOPEHHOI'O BUOTEXHOJIOI'HTYECKOTI'O ITPOU3BOJACTBA
AJIMTHOI'O CEMEHHOI'O KAPTO®EJIA JJIs1 OBECIIEYEHUSA CEMEHOBO/JICTBA
B PECITYBJIMKE KA3AXCTAH

AHHoTanus. [Ipor3BOACTBO O3MOPOBICHHBIX CEMEHHBIX MHHU-KITyOHEH SBIAETCS OCHOBOH IS MTOTyYeHHUS] BEICOKOKAIECT-
BEHHOTO CEMEHHOIo Marepuaia kaprodeis. i1 yCKOpPEeHHOro IOIy4eHHs] OTEYECTBEHHOIO CEMEHHOTO Marepuasia Kaprodeis
pa3paboTaHa 1 anpoOHpOBaHa TEXHOJIOTHS MMJIOTHOTO IIPOU3BOICTBA MUTHOTO CEMEHHOTO KapTo(deliss B MAJIBIX MPOMBIIUICHHBIX
Mmacmtabax. [TokazaHa nepcreKTHBHOCTh ¢ IPHMEHEHHMs IIPU HaJIMYUU COBPEMEHHBIX TEIUIMYHBIX KOMIUICKCOB Ha MEPBBIX JTa-
[ax TEXHOJIOIMYECKOTo MpoLecca MOyYeHHs] MUHUKITyOHEBOTO MaTepralla KaTeropuH «cyIepcynepanuray. 13 He6onbuioro auc-
Ja KIyOHel ModydeHbl W Pa3sMHOMKEHBI METOJIOM MHKpPOYEPEHKOBAHUSI OE3BHPYCHBIE PACTEHMSA-PETEHEPAHTHI OTEYECTBEHHOTO
BBICOKOYpOXKaifHOTO copTa kaprodens «Axcop». 3 pacTeHuil-pereHepanToB B YCIOBUSAX 3aKPBITOrO IPyHTA B NEPBBIN IO MOIY-
YEeHBl MUHHUKIYOHH ISl IPOM3BOACTBA CyIEp-CyNepIIUTHOTO CEMEHHOTro Mareprana. M3 kiryOHeBOro marepuana cynep-cymep-
SIUTH HA BTOPOH TOX B MOJNEBBIX YCIOBHUSX NOTYyYCHBI CYNEPITUTHBIE CeMEHa KapTo(elsl U MepelaHbl B JMUTCEMX03 IS IPo-
M3BOJZICTBA CEMSTH KaTE€TOPHS «INIUTA» YK€ Ha TPETHI TOf] BBIITOITHEHHUSI IPOEKTA.

OCo0GEHHOCTH AHHOHW TEXHOJIOTHH 3aKJIIOYAalOTCS B HEHNPEPHIBHOM IIPOLECCE MONYyUYCHUS! O3MOPOBICHHBIX NMPOOHPOYHBIX
pactenuii (in vitro) u MUHHKITyOHell B TeueHue 3-x jeT. [IpoBenenue perynspHON BHIEMKH KIIyOHEBOTO MaTepHaia BO BpeMs
KyJIETUBHPOBAHHS PACTEHHUII B TEIUTUIIC IIPUBOANT K YBEJIMUCHUIO KOJINYECTBA YPO)Kasi MUHUKITYOHEH ¢ OTHOTO TIOKOJICHHS, a TaK-
e UKIMYHOMY TOJTyYEHHIO CyIep-CyNnepITUTHOTO MaTepyana 2 pasa B rofl. Pesyneraramu sBISIOTCS COKpAIEHHE CPOKOB MPO-
U3BOJICTBA MUTHBIX CEMSH JI0 3 JIET, HU3Kasi HOTPEOHOCTh B IPOU3BOACTBEHHBIX IUIOMIAAAX, CHIJKEHHE HOPM Pacxojia CEMEHHOTO
Marepuana 1 BEICOKHH K03(OUIIMEHT ero pa3MHOKEHHS.

KntoueBble ciioBa: xapTodenb, KyIbTypsl in Vvitro, 6€3BUPYCHBIE PACTCHHS — PETCHEPAHTHI, MHKPOKJIOHAIBHOE Pa3MHO-
JKeHHUEe, OpUTHHAIBHBIE CeMeHa KapToQens, MUHUKITyOHH, SITUTHBIH CEMEHHOH MaTepran KapToders.
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