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Abstract

This article examines the survival characteristics of potato plants produced by microclonal propagation, depending
on their planting dates in the conditions of Northeast Kazakhstan. Particular attention is paid to the influence of
agroclimatic factors during the early growing season — including temperature conditions, the timing of the end of
spring frosts, soil warming, and the accumulation of effective temperature — on plant adaptation processes
following transfer from in vitro to in vivo conditions. The study is based on an analysis of domestic and foreign
scientific publications, agrometeorological observation data, and regional climatic characteristics. It has been
established that the effectiveness of adaptation and subsequent plant survival are determined by the combined
influence of planting dates, the physiological state of the plants, and varietal characteristics. The most favorable
conditions for survival are formed when the average daily air temperature rises steadily above 8—10°C and the risk
of return frosts decreases. The results obtained indicate the need for a differentiated approach to selecting planting
dates for potato plants and can be used in developing recommendations for improving the technology of growing
seed potatoes in the conditions of Northeast Kazakhstan.

Keywords: in vitro potatoes; cultivated plants; survival rate; planting dates; adaptation; northeastern Kazakhstan;
microclonal propagation; agroclimatic risks.
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Anjarna

Maxkamana Conryctik-IIbrbic KazakcTan >karmadbIHIA OTHIPFRIZY MeEp3iMiHEe OaMIAaHBICTBI MHKPOKIOHAJIBI
KoOCI0 OMICIMEGH AaNbIHFAH KapTOI OCIMIIKTCPIHIH TIPHNIIK €Ty CPEKINCJIKTEepl KapacTelppuraH. Epre
BETCTAMSUIBIK KE3CHHIH arpOKIMMATTHIK (JaKTOPIAPBIHBIH, COHBIH IIIIHAEC TEMIICPATYPAIIBIK PEKUMHIH, KOKTEMT1
as3apl TOKTATy MEP3IMICPIHIH, TOTBIPAKTHIH >KbIIBIHYBIHBIH JKOHE THIM/I TEMIICPATYPAHBIH KHHAKTATYBIHBIH i/
JKaFJAMIapeIHAH in Vivo KaFaadIaphlHA ayBICKAHHAH KeHiH eCiMIikTepmiH OcHIMIOCTy MPOLCCTCPIHE OCCpiHE
EpeKIe Ha3ap ayJapeliagbl.  3€pTICY  OTAHABIK OJKOHE MHICTCJAIK  FHUIBIMH  SKApHSUIAHBIMIAPIBL,
arpoMETCOPONIOTHSUIBIK OaKbUIAyIap MEH aWMakThIK KiMMaTTBIK cHmarraMaiapiblH JEpeKTepiH Tanjayra
HETI3AereH. OCIMIIKTEpAiH OcHiMAe Ty THIMAINII MEH KSHIHTL eMip CYpy JACHICHI OTBIPFBI3Y YAKBITHIHBIH,
OciMaikTepaiH, (PH3HONOTHAIBIK KYHIHIH KOHS COPTTHIK CPCKIICT KTCPiHIH KUBIHTHIK dCCPIMCH AHBIKTATATHIHEI
aHBIKTAIBL. OMIp CYPYy VIUIH €H KOJIAMIBI JKarAaiiap ayaHblH OpTalua TIYTIKTIK Temmeparypackl 8-10°C-ran
JKOFapBI TYPAKTHI )KOFAPBLIAFAH/IA YKOHE AT3IbIH KAUTY KAyl TOMCHICTCHIC KAIBIITACAAbl. AJBIHFAH HOTIDKEICP
KApPTOM 6CIMIIKTCPIH OTBIPFBI3Y MEP3IMACPIH TaHIAYFa CApaTaHFAH KO3KAPACTHIH KAXKCTTLTITH KOPCETE Il KOHE
Courycrik-IlIersic Kazakcran xargaibiHAa O0acTamksl TYKBIM MATEPHANBIH ©CIPY TEXHOJOTHSICHIH SKETIIAIPY
OOMBIHINA YCHIHBICTAP/BI 231pIIey Ke3iHAe MaiAaIaHbIIy bl MYMKIH.

Kiar ce3aep: xaprom in vitro, MoIeHH 6CIMIIKTED; TIPIILIIK €TY; OTBIPFBIZY Mep3iMi; OetiiMaeny; Ka3akcTanHbIH
COJITYCTIK-IIBIFBICH, MUKPOKIOHAIAB! KOOC0; arpOKTHMATTHIK TOYECKSIACD.


mailto:vika_7625@mail.ru

M. Kosbi0aes aTeinaarsl CKY Xa6apumbichbn /
Bectnuk CKY umenu M. Ko3bi6aesa. Ne 2 (70). 2026 225

MPUKABAEMOCTH PACTEHHI KAPTO®EJISI IN VIVO B 3ABUCHMOCTH
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Kunenxo B.A.1", Auukuna M. H.!
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AHHOTATIHSA

B crarbe paccMOTpeHBI OCOOCHHOCTH TPM)KHBAEMOCTH PACTCHHH Kapro(eist, MONyYCHHBIX METOAOM
MHUKPOKJIOHAJIBbHOTO PAasMHOKCHIA, B 3dBUCHMOCTH OT CPOKOB HX BBICAOAKH B YCIIOBHAX CeBepO-BOCTO‘{HOFO
Kazaxcrana. Ocoboe BHUMAHHE YICICHO BIMSHUIO ArPOKIUMATHICCKAX (DAKTOPOB PAaHHETO MEPHOAA BETCTALNH,
BKJIFOYAd TEMIICPATYPHBIN PEKUM, CPOKH MPEKPALICHUA BECCHHHX 3AMOPO3KOB, MPOTPEB MOYBBI M HAKOILICHHE
CYMMBI 3(()CKTHBHBIX TEMIICPATYP, HA MPOLCCCH ATANTALMH PACTCHHH TMOCTIC MCPSHOCA U3 YCIOBHH in vitro B
yciosus in vivo. ccenoBaHHEe OCHOBAHO HA AHANM3EC OTCUCCTBECHHBIX M 3apyOC/KHBIX HAYUHBIX ITyONHKALMH,
JAHHBIX ATPOMECTCOPOTIOTHICCKUX Ha6J'lIO£[eHI/II\/II 1 PCTHOHAJIBHBIX KIIMMATHICCKUX XaPAKTCPUCTHK. YCTaHOBJ'IeHO,
410 3(PPCKTHBHOCTD ANANTANMH H TOCICAYIOINAS TPIKHBACMOCTh PACTCHHI ONPCACIBIOTCSA COBOKYITHBIM
BIFSTHHECM CPOKOB BBICAIKH, (DM3HOJIOTHYCCKOTO COCTOSIHHSI PACTCHHMI M COPTOBBIX 0cOoOcHHOCTEH. Hamboree
OnaronmpuATHBIC YCIOBHSA AN HMPIKUBACMOCTH (POPMHPYIOTCS IIPH YCTOHYMBOM IOBBIIICHUN CPEIHECYTOYHOH
TeMIepaTypsl Bo3ayxa soime 8—10°C W CHIKCHHH PHCKA BO3BPATHBIX 3aMOPO3KOB. [IoNMyUeHHBIC PE3yIbTaThl
CBHACTCBCTBYIOT 0 HEOOXOMMMOCTH AH(PYESPCHIHPOBAHHOTO MOIXOAA K BBHIOOPY CPOKOB BBICATKH PACTCHHUI
Kapro(ernst 1 MOryT OBITh MCHOJIB30BAHBI IPH PA3padOTKE PEKOMEHIAIMI MO COBEPIICHCTBOBAHUIO TEXHOIOTHH
BBIPAIIMBAHM HCXOAHOTO CEMEHHOTO Marepuraia B ycnosmwix Cesepo-Bocrounoro Kazaxcrana.

Kiiiouennie cyioBa: kaproens in vitro, KyabTypajibHBIC PACTCHHS, PIKHBACMOCTD; CPOKH MOCAIKH; aIATITALIMS,
Cesepo-Boctok Kaszaxcrana, MUKPOKIOHAIBHOE PA3MHOKCHHE, aTPOKIAMATHICCKHC PUCKH.

Introduction

Potato (Solanum tuberosum L.) is one of the key food crop in Kazakhstan, especially in
the northeastern regions, where they play a significant role in food security and farm income
[1; 28]. Microclonal propagation is currently the basis of seed production in global potato
cultivation [2; 1]. The survivin vitroal rate of cultivated (microclonal and seedling) plants after
planting in vivo is a critical factor determining further growth dynamics, bush formation, and
tuber yield [3].

In areas with a sharply continental climate, such as northeastern Kazakhstan, risk factors
— late spring frosts, rapid and unstable warming in spring, a limited growing season, and a high
moisture deficit — make choosing the optimal planting date critically important for ensuring
high survival and subsequent productivity [4; 30].

The effectiveness of obtaining the first tuber generation of virus-free potatoes directly
depends on the survival rate and final yield of cultivated plants, which is determined by the
planting time frame, temperature and humidity conditions, the risk of spring frosts, the
germination rate, and active plant development. The results of foreign and regional studies show
that the optimal planting dates depend on the climate, variety, and agricultural techniques, as
well as on the interaction of the dates with the genetic potential of the plants [5; 29]. Analysis
of modern studies shows that the survival rate of plants in vifro is often determined not only by
the calendar date of planting, but also by the age and degree of hardiness of cultivated plants,
as well as local agroclimatic indicators (GDD — total degree days, risk of frost, soil temperature)
[6; 7].

For northeastern Kazakhstan, determining the optimal planting intervals for potato plants
in vivo is important, since most of the production volume of primary potato seed material in
Kazakhstan is grown in this zone. At the same time, field studies specifically in the conditions
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of northeastern Kazakhstan on the survival of cultivated potato plants when transplanted ex
vivo in 2015-2025 are limited, often concerning varieties that are not currently grown, with
much of the empirical data obtained in neighboring climatic zones. Therefore, final local
recommendations require comprehensive research, taking into account varietal characteristics
and irrigation systems [8; 31].

The aim of the work: based on comprehensive research, to determine the optimal timing
for planting cultivated potato plants in vivo in the conditions of northeastern Kazakhstan.

Materials and methods

To prepare the review, a targeted systematic search of the literature (2015-2025) was
conducted in the Scopus and Web of Science databases (through publicly available indexes,
cross-checking in Springer, MDPI, ResearchGate, and institutional repositories), as well as a
search of national climate and agricultural reports (World Bank Climate Knowledge Portal,
FAO, Kazhydromet).

Keywords in English and Russian were used: «in vitro potato transplanting», «planting
date potato survival», «micropropagated potato field survival», «planting date Kazakhstany,
«acclimatization micropropagated plants», «potato transplanting date», «micropropagated
potato field survival», «planting date Kazakhstan potato», «agro-climatic Kazakhstan».

The selected publications were checked against the following criteria: year (2015-2025),
availability of field data on the transplantation of in vitro plants, greenhouse seedlings, or
explants, methodological transparency (description of planting dates, age of cultivated plants,
hardening conditions, criteria for assessing survival).

For the climatic part, official data and reviews were used: Climate Knowledge Portal /
World Bank (climatology 1991-2020), Kazhydromet (national meteorological service), FAO
country profile, and regional studies on agroclimatic zoning.

The main parameters extracted from the articles were: location/climate of the experiment,
planting dates (calendar/vegetation), plant age (in weeks), hardening method, survival rate (%)
after 14 and 28 days, impact on vegetative development and final productivity. Qualitative
comparative analysis and a summary table of key publications [9] were used for the synthesis.

Results and discussion

1 Analysis of climatic and agroclimatic characteristics of northeastern Kazakhstan

To justify the choice of optimal planting dates, it is necessary to take into account the
agroclimatic parameters of the region, including temperature regime, duration of the warm
period, and the probability of late spring frosts [26; 33]. The climatic characteristics of the
region are shown in Table 1

Table 1 Main climatic indicators of the Pavlodar region according to meteorological resources

Indicator Value Source
Average annual temperature +2.2 °C Climate-Data.org
Average temperature in May +14 °C (during the day +20 °C, Wkatherspark
at night +6 °C)
Average temperature in Jure +20 °C (during the day +26 °C, Wkeatherspark

Frost-free period

Annual precipitation
Frequency of spring frosts

at night +13 °C)

110-125 days (May 15 to
September 20)

300-350 nm

until May 15 (rarely until May
20)

Paviodar Agrometeorological
Center

Climatestotravel
Climate-Data.org
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According to long-term observations, in the Pavlodar region, a stable warm period, when
average daily highs exceed 19-20°C, begins in the second decade of May and lasts until early
September [10].

During the summer season, especially in July, average daily temperatures reach about
28°C, and nighttime temperatures reach about 15°C, which indicates a pronounced continental
climate and sufficient heat for the growth of cultivated plants [11].

The winter climate is characterized by extremely low temperatures: average January
values drop to —15..-16°C, with absolute minimums below —40°C, confirming the high
climatic amplitude and harshness of winter conditions [12]. Annual precipitation is about 300—
350 mm, distributed unevenly, with a maximum during the warm period.

In May, the average air temperature reaches 14—15°C, and nighttime minimums are 5—
7°C [12]. These climatic characteristics indicate that mid-May is the beginning of an
agroclimatically favorable period with minimal risk of late frosts (Table 2). At the same time,
earlier planting dates (late April — early May) retain the possibility of return frosts and may be
unfavorable for planting cultivated plants in vivo.

Table 2. Agroclimatic parameters determining the planting dates of cultivated plants
in the conditions of North-Eastern Kazakhstan

Indicator Value
Average annual air temperature +2.2°C
Average temperature in May +14 ... +15°C
Average temperature in June +19 ... +20 °C
The last spring frosts until May 15-20
First autumn frosts from September 10 to 15
Duration of the frost-free period 110-120 days
Average annual precipitation 320-350 mm
Prevailing winds northwesterly, 3—-5 m/s

The soil cover of the territory is mainly represented by light brown soils of sandy loam
and loamy granulometric composition [13; 34]. Spring warming of the topsoil to
physiologically optimal values (+8...+10°C) usually occurs between May 15 and 20, which
corresponds to the established norms for the risky farming zone [14; 43]. This interval of the
growing season determines the beginning of the favorable period for planting.

2 Features of the adaptation of cultivated potato plants when planted in vivo in
different climatic zones

During ontogenesis, potato plants interact with both abiotic and biotic factors. The
combined influence of abiotic factors during the acclimatization period can exacerbate plant
stress, which can lead to their death. In this regard, taking these factors into account is the basis
for developing a strategy to reduce plant losses during in vitro transplantation. This is especially
important for regions with a sharply continental climate, characterized by significant
fluctuations in daytime temperatures, such as northeastern Kazakhstan [15].

Planting dates are one of the key factors determining the survival of cultivated potato
plants in vivo; their optimization depends on the local climate and varietal characteristics [5].
When transplanting plants from culture (microclonal or seedling), their physiological condition
is sensitive to external stresses: sharp temperature fluctuations, insufficient soil moisture, or
low night temperatures hinder root formation and reduce survival. Therefore, the choice of
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planting time should minimize such risks and coincide with the phase when the probability of
frost is minimal, and moisture availability and temperature are favorable for rooting [5; 35].

In the context of comparison with other regions, it should be noted that studies conducted
in the western regions of Kazakhstan indicate a significant dependence of growth rates,
morphogenesis characteristics, and final potato productivity on planting dates. Earlier planting
dates provide a higher potential yield, but are accompanied by an increased risk of reduced
plant survival in conditions of unstable spring temperatures [8; 36].

According to research by Leskhanovich (2015) conducted in the West Kazakhstan region,
where the spring period is characterized by intense temperature increases, it has been
established that planting dates have an independent agronomic effect on the growth rate and
development of potatoes. The correct choice of planting date accelerates morphogenetic
processes and contributes to the early formation of a high-quality tuber crop.

In addition, the results of climatological studies conducted for comparable agroclimatic
zones indicate a tendency for the optimal planting dates to shift to a later spring period, which
is confirmed by the data in the recommendations prepared by the Omsk Agricultural Research
Center (2020). This is due to the desire to minimize stress factors, especially when using
planting material obtained by microclonal propagation (in vitro), for which the risk of damage
from low temperatures is significantly higher [16].

Early planting with low maximum daily temperatures and favorable humidity often
results in earlier formation of vegetative mass, but is associated with the risk of return frosts,
which can reduce the survival rate of planted seedlings/mini-tubers in cold spring conditions
[5].

The results of field experiments by van Dijk (2022) show that the effect of planting dates
on potato plant survival is most pronounced in early spring. Thus, although planting in March
extended the potential growing season, it was accompanied by a high risk of plant death due to
night frosts, which in the Netherlands occur until mid-May; in some cases, March plantings
completely lost their survival rate. At the same time, the measured marketable yields for all
transplanting dates ranged from 29 to 34 t/ha, and the seed tuber yield ranged from 26 to 29
t/ha, with no significant advantages for March planting. Plantings in April, May, and June
showed stable survival rates, with moderate differences in the final yield of plants harvested at
the traditional time (September 20-21): as a rule, April and May plantings provided a higher
yield of marketable tubers compared to June plantings. With early harvesting, the relationship
between the planting date and the size distribution of tubers was more pronounced: late planting
(June) increased the proportion of tubers > 40 mm and increased the yield of large fractions. In
general, it has been established that optimizing planting dates is a critical factor for survival,
but excessively early planting (March) not only does not increase yield, but also significantly
increases the risk of losses due to frost [5].

Late planting (delay relative to the optimal time) can lead to accelerated transition of
plants to reproductive phases at high temperatures, a reduction in the growing season, and, as a
result, a decrease in survival and yield potential [17; 41].

The results of a field experiment conducted by Singh (2023) at the ICAR regional station
in Gwalior during the 2021-2022 Rabi season convincingly confirm the critical importance of
choosing the planting dates for cultivated plants for the productivity of the Kufri Mohan potato
variety. The seven planting dates tested (from September 15 to December 14) showed marked
differences in growth and yield. The highest values of all key agronomic parameters — plant
height, number of stems, foliage yield, tuber yield, and biological yield — were recorded with
timely planting on October 30 (D4). The yield exceeded the early planting dates (September



M. Ko3bi0aes aTeinaarsl CKY Xa6apumbicnbn /
Bectnuk CKY umenu M. Ko3bi6aesa. Ne 2 (70). 2026 229

15-30) by 18.6-69.0% and the late planting dates (November 14-December 14) by 13.1-
52.5%, which clearly demonstrates the advantage of the optimal planting window. In contrast,
early (D1, D2) and especially late (D6, D7) planting dates were characterized by a decrease in
all structural elements of productivity, indicating the adverse effect of both excessively high
temperatures in the early stages of growth and a shortened growing season when planting in
December. Thus, it has been established that adherence to the optimal planting date — in this
case, the end of October — is a key factor in consistently high potato yields, while deviation
from it toward excessively early or late dates inevitably leads to significant productivity losses
[17].

Many studies show that the key factor in the adaptation of cultivated potato plants is not
so much the calendar planting date as the age and physiological condition of the regenerants.
Plants that are too young, for example, two weeks old, especially under unfavorable external
conditions, demonstrate lower survival rates. At the same time, potato plants aged 3—4 weeks
that have undergone hardening and adaptation to light and humidity levels are significantly
more resistant and successful in rooting in in vivo conditions [18; 37].

For example, studies by Lommen (2015) showed that the age of potato seedlings obtained
in vitro directly affects the subsequent growth of plants and the formation of seed yield: the
highest indicators were observed when plants aged 28-35 days were transplanted into the field,
while younger (14-21 days) and overgrown (> 42 days) plants formed 15-30% less tuber yield.
These results confirm the importance of strict adherence to the optimal timing for obtaining and
using planting material in potato cultivation technology schemes [18].

3 Optimal timing depends on variety and region

Research shows a consistent correlation: the optimal date for transplanting/planting
depends on the genotype (variety) and local climate/agroclimatic zone; Varietal differences in
cold tolerance and growth rate determine the period during which transplanting will result in
the best survival rate. Recommendations developed in one region cannot always be applied to
another without adjustments [19; 2].

A study by Muhammad Sohail Khan et al. (2024) convincingly shows that planting dates
and genetic characteristics of varieties have a key influence on potato yield in the subtropical
continental zone. Optimizing the planting date — especially early dates (October 2 and 14) —
extends the growing season and significantly improves the indicators that determine yield: from
an increase in green crown area (up to 72.3%) and leaf area (up to 5343 cm? per plant) to
maximization of absorbed photosynthetically active radiation (PARINTC, 900.9 MJ-m2) and
number of tubers (11.8 per plant). The genotype of cultivated Arizona potato plants showed the
best response to variations in planting dates, ensuring maximum market yield (29.2 t-ha™) and
total yield (30.4 t-ha™?). The significant variability of genotype responses and pronounced PxG
interactions highlight the need to select varieties and planting dates taking into account regional
conditions. The results obtained not only reveal the complexity of the mechanisms of yield
formation, but also form scientifically based approaches to increasing the stability of potato
production in a changing climate [19].

The results of the study by Ahmed et al. (2017) demonstrate the significant influence of
planting dates on potato growth and yield in the subtropical conditions of Bangladesh. An
experiment conducted between November 20, 2015, and March 20, 2016, on three varieties
(BARI Alu-35, BARI Alu-40, and BARI Alu-41) with three planting dates (November 20,
December 5, and December 29) showed that the optimal planting period is the first ten days of
December. During this period, the maximum plant height (42.3 cm for BARI Alu-40), the
largest number of tubers per plant (13 for BARI Alu-41), the maximum leaf area and tuber
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weight per plant (97.25 g for BARI Alu-35) were observed. Yield reached a maximum of 42.12
t/ha when planting BARI Alu-35 on December 5. Earlier planting (November 20) led to a
decrease in growth and yield, which indicates the negative impact of unfavorable temperature
conditions on the physiological development of plants.

Thus, the study confirms that correctly determining the planting date is a key factor in
achieving high potato plant productivity, and adapting planting dates to local climatic
conditions allows for the optimization of physiological maturity and tuber formation [20].

A study by Darkhanova et al. (2021) showed that the adaptation of in vifro-healed potato
plants in the conditions of Central Yakutia is characterized by pronounced varietal
differentiation. The highest survival rate was observed in the Krasavchik variety (28%), while
the Vasilek variety was the least resistant (1%). The Adretta variety showed the best adaptation
to the dry period (GTK = 0.4), combining high productivity (213.9 g) and maximum tuber
preservation (100%). In contrast, the Velina, Rosara, and Ilona varieties showed minimal
preservation (33—-56%). These results emphasize the need for careful selection of varieties for
regions with extreme climatic conditions and confirm the importance of preliminary ecological
testing of improved material [21].

In studies by Nikolaeva V. N. et al. (2020) conducted on 19 potato varieties, such as Aksor,
Alena, Bryansky Delicacy, Velikan, Darinka, Zhukovsky Early, Meteor, Memory of Rogachev,
Skoroplodny, Udacha, Khozyayushka, Nevsky; Dutch varieties: Arosa, Romano, Sante, Red
Scarlet, Rosara, Red Lady, Roko It has been shown that for the East Kazakhstan region, the
optimal time for planting test plants in open ground, depending on spring weather conditions,
is between May 15 and June 15, since according to long-term data, the last frost in the
cultivation zone occurs on June 14 [22].

Reports on agroclimatic zoning and analytical materials on the regions of the country
emphasize that the effectiveness of potato cultivation directly depends on strict adherence to
the agricultural calendar and the adaptation of planting dates to local indices of heat, moisture,
and the duration of the growing season [23; 38].

According to international data [4; 49], a correct assessment of regional agroclimatic risks
and heat resources can significantly increase the sustainability of production systems. In these
conditions, local testing of several planting date options becomes particularly important, as it
is necessary to determine the optimal time window for transplanting in vitro plants in specific
climatic conditions [44; 50]. This approach not only ensures higher survival rates and uniform
growth, but also creates the conditions for maximizing the potential yield of highly productive
genotypes [39]. Thus, it can be concluded that varieties with higher cold tolerance and rapid
initial growth can be planted earlier in the season; sensitive varieties are better to transfer to
later dates, but then part of the growing season is lost. This makes it necessary to conduct local
testing for each line/variety, especially if microclonal lines or hybrids are used, which may have
excellent adaptation [19; 40].

4 Impact of temperature and humidity conditions and weather risks

Soil and air temperature in the first days after planting is a key factor for successful
survival. Rapid warming after planting promotes rooting and growth, while temperature
fluctuations and night frosts increase stress and plant mortality [5].

A study by van Dijk et al. (2022) showed that early spring transplanting of potatoes from
seedlings is significantly limited by temperature risks: in 2017-2019, minimum temperatures
often fell below 2°C, and in some years reached —4.9°C, causing leaf damage and, in 2018, the
complete destruction of March plantings. Even the use of improved beds and polyethylene
coverings did not provide protection from extreme frosts, confirming the extremely narrow
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«safety windowy for early transplanting. Plants recovered after April planting, but went through
a stress phase in the first week after transplanting, while May and June planting dates showed
the most stable development against the backdrop of higher minimum temperatures and
uniform heat accumulation [5; 42].

Hydrothermal conditions also varied by season: in 2019, the amount of precipitation from
April to June was higher (3.9-4.0 mm/day), which partially compensated for temperature
limitations and ensured equalization of development rates between April and May plantings by
the period of physiological ripening (around October 10). Overall, the study emphasizes that
the success of early transplanting is determined not only by agricultural techniques, but above
all by the combination of minimum temperatures in the first week and moisture availability,
making the choice of the optimal planting date a critical factor in productivity [51].

S Practical conclusions from regional studies (including Central Asia and
comparable continental zones)

In regions with a sharply continental climate (such as northeastern Kazakhstan), it is
advisable to focus on sowing dates that minimize the risk of late spring frosts while ensuring a
sufficient growing season [45]. This often means a shift to the late first ten days of the planting
window compared to warmer regions. The recommendations are supported by regional
observations and national practice, in accordance with the national report on potato cultivation
in Kazakhstan [24; 32].

When planting cultivated potato plants from in vitro, preliminary preparation measures
are of particular importance [2; 46]. The most effective measures include a gradual reduction
in humidity to form a stable transpiration apparatus, enhanced protection of the delicate root
system during transplanting, and the use of root formation stimulants and anti-stress biological
products [47]. A combination of such procedures significantly increases the success of potato
regenerants’ adaptation to open ground conditions [25; 26]. Thus, to increase the survival rate
of cultivated potato plants when transplanting them to in vivo conditions in the Kostanay region,
Ekaterinskaya EM. (2011-2013) used the synthetic stimulant KN (0.001%) for pre-planting
root treatment. As a result, when test-tube plants were planted in gauze insulators in the first
ten days of June, the survival rate was 70% for the Dunyasha variety and 75% for the Udovitsky
variety.

A study by Anikina I.N. (2022) on the in vivo survival rate of regenerants of promising
European potato varieties (Gala, Latona, Sante, Innovator, Red Scarlet) in the conditions of
northeastern Kazakhstan, emphasizes the key role of the adaptation stage of test-tube plants in
the primary seed production system. The results show that the success of transferring meristem
plants to natural conditions is determined by the variety-specific physiological stability, the rate
of functional leaf formation, and the response to sharp temperature fluctuations characteristic
of the region. When planting cultivated potato plants for further growth in greenhouse
conditions between May 20 and June 7, 2019-2020, survival rates ranging from 51% to 86%
were obtained, depending on the variety. It has been shown that certain varieties, such as Latona
and Red Scarlet, have higher survival rates and develop more quickly after planting, while
others, such as Innovator and Gala, require a longer adaptation period. Thus, the study confirms
the need to take into account varietal characteristics when developing regulations for the
adaptation and further cultivation of healthy planting material in the climatic conditions of
northeastern Kazakhstan [27; 48].
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Conclusion

The results of the study are of practical importance, as they allow for the optimization of
primary seed production schemes and increase the efficiency of high-quality seed tuber
propagation.

Based on an analysis of local weather data (soil temperature, daily maximums, and
nighttime minimums) for northeastern Kazakhstan, the optimal time for planting cultivated
plants in greenhouses during the current period is before the onset of consistently high daytime
temperatures, which occurs between April 25 and May 5. The optimal time for planting in open
ground is from June 7 to June 17, which corresponds to the period of a steady rise in soil
temperature and a reduction in the risk of return frosts.

To increase the survival rate of valuable biotechnological potato material, it is advisable
to acclimatize microclonal plants before planting, in accordance with the official
recommendations for potato cultivation in Kazakhstan.

The recommended planting dates can be used by biotechnology laboratories, greenhouse
complexes, and seed production farms when planning activities to produce and propagate
disease-free potato planting material. Adhering to the recommended planting dates helps reduce
the risk of adverse temperature conditions, increases the survival rate of cultivated plants, and
ensures more effective production of high-quality seed potatoes in the conditions of
northeastern Kazakhstan.
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