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Abstract

Background. In the context of horticultural intensification, rootstocks play a key role in
ensuring plantation resilience to extreme environmental factors. The Southern Urals region
is characterized by a sharply continental climate with moisture deficiency, high summer and
low winter temperatures, necessitating the use of specialized adaptive rootstocks. Traditional
dwarf forms (e.g., M9) are losing relevance due to advancements in tree growth regulation
technologies and mechanization for tall plantations. Domestic studies confirm the promise of
semi-dwarfrootstocks (54-118, MM 106, MM111) and regional forms (Volga 3, Ural 5), which
exhibit drought and frost resistance. Of particular interest are new OB-series lines selected in
the Southern Urals and undergoing trials at the Orenburg State University (OSU) Botanical
Garden. Their comprehensive evaluation based on biometric, physiological, and productivity
traits will identify optimal genotypes for developing resilient scion-rootstock combinations,
aligning with the principles of adaptive horticulture established by I.V. Michurin. The findings
will contribute to competitive horticulture under Russia’s extreme conditions.

Purpose. To conduct a comparative study of the resistance of selected apple clonal
rootstock forms to biotic and abiotic stressors, assessing their rhizogenic capacity and
productivity in a mother plantation established by the vertical layering method.

Materials and methods. The study was conducted in the Southern Urals (OSU Bo-
tanical Garden) on southern calcareous chernozems under a sharply continental climate
(winter temperatures down to —48 °C, summer up to +42 °C, precipitation 363 mm/year).
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The subjects were 37 promising OB-series apple clonal rootstocks selected in 2008 from
second-generation seedlings obtained through open pollination of rootstocks and apple cul-
tivars from various geographic zones (Kuibyshev, Donetsk, Crimean stations, etc.). Seed
sowing (2007) and seedling evaluation followed fruit crop (1999) and clonal rootstock
(1980) study methodologies. Field germination, standard rootstock yield, and morpholog-
ical traits (fibrous roots, brachyblasts) were recorded. Selected forms were propagated in a
mother plantation by vertical layering, analyzing survival, preservation, and productivity
(standard layer yield, rooting capacity) compared to the control (Ural 5 rootstock). Statistical
analysis was performed using Statistica 9.0 and Microsoft Excel (ANOVA, Student’s t-test).
Results. The features of replication and adaptation to biotic and abiotic stress of
promising forms of clonal apple tree rootstocks obtained by the free pollination method
and by selection among apple seedlings, which had increased drought and frost resistance
of the root system, and which were unpretentious to soil conditions, were studied in the
South Ural climatic and soil conditions. Plants were characterized by better adaptability
to biotic and abiotic stressors and a high reproduction rate compared to the control (Ural
5). The OB 2-4, OB 3-4, OB 3-14, OB 2-12, OB 2-15 forms and some other hybrids were
distinguished by vegetative productivity. A slight relative sampling error (less than 25%)
indicates a high reliability of the obtained results. The exception was the OB 2-1 and OB
2-8 forms, which require additional study, since the annual yield of vertical branches of
these forms per unit area and the average over the years exceeded the control.
Keywords: forms of clonal rootstocks; vertical branches; adaptability; South Ural
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¢axropam cpenbl. KOxHBIN Ypan xapakTepu3yeTcs pe3ko KOHTHHEHTAJIbHBIM KIHMa-
TOM C Je(pUIMTOM BJary, BBICOKMMH JIETHUMH M HU3KUMHU 3UMHUMH TeMIIEpaTypamH,
9TO TpeOyeT HCIOIb30BAHMS CIICIIMAIM3UPOBAHHBIX aIal THBHBIX OBOEB. Tpa unnon-
HBIE KapJIUKOBbIEe GopMBbI (Harpumep, M9) TepsoT akTyalbHOCTb B CBSI3H C Pa3BUTHEM
TEXHOJIOTUH PErynupoBaHus pOCTa AEPEBLEB M MEXAHU3ALNH YXO/a 3a BEICOKOPOCTHI-
MH HacaxaeHHAMH. OTedecTBeHHbIE HCCIICJOBAaHMUS OATBEPK/AIOT IEPCIIEKTHBHOCTD
cpenHepocibix oaBoes (54-118, MM 106, MM111) u pernonansusix dpopm (Bosra 3,
VYpan 5), 06nafarommx 3acyxo- 1 MOPO30yCTOHYMBOCTHI0. OCOOBIN HHTEpEC MPEACTABIA-
10T HOBBIe TnHUN cepun OB, oroOpanubIe B HOkHO-YpanbcKoM pernoHe U IpoXosIye
ucnsitanus B borannueckom caxy OI'Y. X KOMITIEKCHasI OLIEHKA 110 OMOMETPHYECKUM,
(H3HOTOTHUECKUM U IIPOAYKTUBHBIM ITOKA3aTEISIM TTO3BOJIUT BBIIEIUTH ONTUMAJIbHBIE
TEHOTHIIBI JUTS CO3/IaHMsI YCTOWIMBBIX MPUBOHHO-TIOIBOMHBIX KOMOMHAINI, YTO COOT-
BETCTBYET IIPHHIMIIAM QJIaITHBHOTO Ca/I0BOJICTBA, 3aI0KeHHBIM 1.B. MudypuHbIM.
Pesynbrare! nccneqoBaHuil BHECYT BKIIAJ B Pa3BUTHE KOHKYPEHTOCHOCOOHOTO Cajio-
BOJICTBA B 9KCTPEMabHBIX yCIOBHAX Poccnm.

Lean. [IpoBecTr cpaBHUTENBEHOE N3YYCHUE YCTOMYMBOCTH BBIJCICHHBIX (GopM
KIJIOHOBBIX TOJIBOEB 0JOHM K OMOTHUECKMM M aOMOTHUECKHM CTPEccopaM, OILEHHUTh
HX PHU30TCHHYIO CHOCOOHOCTD M MPOAYKTUBHOCTH B MATOUHHKE, 3aJI0’KEHHOM METOIOM
BEPTHKAIBHBIX OTBOJIKOB.

Marepuajbl U MeTOAbI. VccienoBanue npoBoauian B yciaoBusx HOxHoro Ypana
(Boranmgeckuii cag OI'Y) Ha yepHO3eMax IOXKHBIX KapOOHATHBIX C PE3KO KOHTHHEH-
TaJIBHBIM KJIMMaToM (temreparypsl ot —48 °C 3umoit 1o +42 °C nerom, ocanku 363
Mm/ron). O0bekTaMu M3ydeHust cTanu 37 MepereKTUBHBIX (GOPM KIIOHOBBIX MOJIBOEB
siomonu cepun Ob, oToOpanHBIX B 2008 T. U3 CesHIIEB BTOPOTO TOKOJICHHS, TIOTyYSHHBIX
OT CBOOOIHOTO OIIBIJICHHS MOIBOEB ¥ COPTOB SIOIOHU M3 PAa3IIMYHBIX reorpapuyecKux
30H (KyiiOpieBckas, [loneukas, Kpeimckast cranuuu u ap.). Iloces cemsn (2007 1) u
OIIEHKY CESTHIIEB ITPOBOJIMIIH IT0 METOIMKAM COPTOM3YUESHHUS TTOAOBBIX KyIbTyp (1999)
KJIOHOBBIX 11071BoeB (1980). YunTBIBaIM OJIEBYIO BCXOXKECTh, BBIXO/ CTAHJaPTHBIX ITOA-
BOEB, MOP(OJIOTHYECKUE MPU3HAKN (MOYKOBAaTOCTh KOpPHEH, HalMune OpaxubiIacToB).
Oto6paHHBIE (POPMBI PA3MHOKAIIM B MATOYHHKE METOAOM BEPTHKAIBHBIX OTBOJIKOB, aHa-
JIF3UPYS IPHKABAEMOCTh, COXPAaHHOCTbD, IPOIXYKTHBHOCTD (BBIXOJ CTAHAAPTHBIX OTBO/I-
KOB, OKOPEHSIEMOCTh) B CPAaBHEHHM C KOHTpojeM (rmoaBoil Ypan 5). CTaTHCTHUECKYIO
00paboTKy AaHHBIX BBHIMONHAIHN B Statistica 9.0 u Microsoft Excel (qucnepcuoHHbII
aHanm3, kpurepuii CThIOICHTA).

PesyabraTel. B nouBeHHO-KIMMaTHUECKHX ycloBUsX FOxHOro Ypana nsydeHst
0COOCHHOCTH TUPAKUPOBAHUS U aJJalITAIINU K OMOTHYECKAM U a0MOTHYECKIM CTPECCO-
paM NepcHeKTHBHBIX ()OPM KJIIOHOBBIX MO/IBOEB SIOJIOHH, TTOJTYYSHHBIX METOJIOM CBOOOI-
HOTO OITBUICHHS ¥ BBIJICJICHHBIX CPEAN OTOOPOB U3 CESIHIEB SI0JIOHHU, KOTOpbIE 00J1a1atoT
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MOBBIIICHHOHN 3aCyXOYCTOHUNBOCTHIO I MOPO30CTOMKOCTHEO KOPHEBOI CHCTEMBI, HE-
MPUXOTIIMBBI K TIOUBEHHBIM yCII0BUAM. 10 cpaBHEHHUIO ¢ KOHTposeM (Ypai 5) pacTeHus
OTJIMYAIOTCS JTyUIIeH aJalTHBHOCTBIO K OMOTHUECKUM U aOHOTUYECKUM CTpeccopaM U
BBICOKUM K03(D(HUIIEHTOM pa3MHOXKeHusI. [0 BereTaTHBHOU MPOAYKTUBHOCTH OTIINYH-
nuck popmer OB 2-4, OB 3-4, OB 3-14, Ob 2-12, Ob 2-15 u HECKOIBKO IPYTHX THOPH-
noB. He3HaunTenbHas OTHOCUTE BbHAS OITHOKA BRIOOPKH (MeHee 25 %) CBUICTENBbCTBYET
0 BBICOKOH JIOCTOBEPHOCTH MOJYUCHHBIX PE3yNbTaToB. McKiroueHne cocTaBmiu GopMbl
OB 2-1 u OB 2-8, Tpebyrolue T0MOIHUTEILHOTO H3yUCHHUS, TIOCKOJIBKY MO €XKETOIHOMY
BBIXOJly BEPTHKAIBHBIX OTBOJIKOB C CAMHHUIIBI IUTOMIAIH U B CPETHEM I10 TFOJIaM [TOKa3a-
TEJIH TPEBBIIIATHA KOHTPOJIb.

KiroueBbie ciioBa: popMbl KJIOHOBBIX TIOIBOCB; BEPTUKAIBHBIC OTBOJIKH; 1l THB-
HOCTb; FOkHBIH Ypan

Juast uutupoBanus. bopucosa, A. A., Casun, E. 3., HoBuxkos, B. A., bepesuna,
T. B., Mymmackuid, A. A., & Caynabaesa, A. XK. (2026). M3yuenne aganTuBHBIX GopM
KJIOHOBBIX TOJIBOCB SIOJIOHH B SKCTPEMANBHBIX ycinoBusx KOxHoro Ypana. Siberian
Journal of Life Sciences and Agriculture, 18(1), 262—282. https://doi.org/10.12731/2658-
6649-2026-18-1-1414

Introduction

The importance of rootstocks in the intensification of nursery practice is
difficult to overestimate, since in extreme gardening conditions in most of the
territory of Russia, rootstocks have to meet a number of requirements: they
have to be adapted to the environmental conditions of the region of growth, be
well compatible with pomological varieties, and achieve high biometric indi-
cators of the aboveground part and root system development, thus providing
the production of high-quality seedlings for planting of the intensive industrial
plantings [1-2].

In recent years, the M9 dwarf rootstock for apple trees has been considered
the standard of quality in world gardening. Plants on this rootstock reached no
more than 2 m in height and had good resistance to diseases and compatibility
with most varieties of apple trees. The main advantage until recently was con-
sidered the ability to carry out fruit harvesting and planting care without using
platforms. In recent years, interest in dwarf rootstocks has been declining, since
formulas of tree height to regulation had been developed in order to maximize
the use of an inexhaustible natural source of solar energy by planting. Accord-
ing to calculations, the taller the tree is, the more efficiently it uses a natural
source to form a crop. Additionally, in order to accelerate the entry of plants
into the fruiting period, from the second year after planting in the garden, the
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shortening of the conductor is completely stopped, which, like in the nursery,
contributes to an increase in the height of the tree [3]. Modern mechanization
tools are designed taking into account the vigorous growth of plantings and have
platforms that allow for effective harvesting and appropriate care of the garden.
The advantage of using dwarf rootstocks is increasingly lost and research on
the development of technologies for the production of higher rootstocks, such
as MM 106 and MM111, begins [4].

According to the results of domestic scientific data for Central Russia, the
medium-sized clonal rootstock 54-118, which is effectively propagated by the
method of vertical branches using various surfactants and fertilizers, is also the
most productive [5-7].

Michurin in his works emphasized the need to select the forms of rootstock
for each region of Russia. At the same time, a comparative analysis of apple
yields of the world exporting countries testifies not in favor of the productivity
of domestic industrial plantings, which confirms the importance of planting by
material adaptive to the climatic conditions of Russia and having an optimal
scion-rootstock combination [8, 9]. Tests of rootstocks of various forms in ex-
treme conditions of the South Ural zone, characterized by insufficient moisture,
high temperatures during the vegetation period, and low temperatures during the
dormant period, are relevant. It has been found that such forms of clonal root-
stocks as 64-143, 70-20-20, Arm 18, E-56, and K-2 selected in others, more fa-
vorable geographical areas of growth are of interest for horticulture of the South
Urals. At the same, time clonal rootstocks Volga 3, 12, Ural 1, 2, 5 created in
the Middle Volga region most closely correspond to the features of the extreme
climate, in particular, are resistant to drought and low temperatures, unpreten-
tious to soil conditions, and highly productive in the garden and nursery [10-12].

At the present moment, new clonal rootstocks of the OB series have been
selected on the South Ural territory. Rootstocks of this series pass a long-term
test in the mother plant place of the Orenburg State University (OSU) Botanical
Garden. Based on a comprehensive study among the huge variety of forms, it
is necessary to select the forms most suitable for the effective development of
industrial gardening in extreme climate conditions.

The purpose of the work is to conduct a comparative study of the resistance
of isolated forms of clonal rootstocks to biotic and abiotic stressors and to as-
sess their rhizogenic ability and productivity in the mother plant place, planted
by the method of vertical branches.

Materials and methods. Selected seedlings from free pollination, obtained by
harvesting the fruits of clonal rootstocks of apple trees and cultivars, extraction
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of seeds, and sowing on the open ground, were the objects of research on the
breeding trial area in the conditions of the South Ural region.

The fruits were collected in August and September in the plantations of
OSU Botanical Garden, the Orenburg branch of the Federal Research Center of
Horticulture, Saraktash fruit nursery, in the gardens of Nizhny Gumbet, Samara
Institute of Horticulture “Zhigulevsky Gardens”, which were laid using stock
forms of selection of Kuibyshev, Donetsk, Saratov, and Crimean experimental
gardening stations, Michurinsky State Agrarian University, Don Zonal Agri-
cultural Research Institute, and the Experimental Base “Polly” of the Research
Institute of Agriculture, Estonia. Seeds were sown in 2007; in 2008, a group of
second-generation forms of the OB series was selected among all seedlings —
37 pcs., selected in the OSU Botanical Garden, and the mother plant place was
planted in order to obtain vertical branches. The study was carried out there.

The climate of the steppe zone of the Orenburg Region is sharply continental
and is extreme for cultivating fruit crops. In the winter period, the temperature
drops to -40 °C, and in some places, it reaches -48 °C. In the summer period,
the temperature rises to + 40—42 °C, and on the soil, it reaches +60-70 °C. Rel-
ative humidity is often 40—60%, and the number of days with relative humidity
less than 30% is often 100% per season. Atmospheric precipitation per year is
363 mm. The average duration of the summer period with a temperature of 10
°C is 140-150 days. The sum of positive temperatures is in the range of 3000
°C, the sum of effective temperatures is 2100-2500 °C, and the sum of active
temperatures is 2800-3000 °C (Table 1) [13].

Table 1.
Weather conditions of the city of Orenburg during the years of research,
Central Office for Hydrometeorology and Environmental Monitoring

Indicators
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2012 |53 |40/-30 -12/150 278/35  |56/101 4170 |3048/3827
2013 3.7 |37/-32 -16/116 463/44  160.3/89 3573 |2459/3082
2014 |6.1 |41/-33 -4/85 259/44  |57.8/108 (3346 |2364/2987
2015 |57 |66/-32 -14.2/124  |335/34  |55/88 3328 |2339/2982
2016 6.5 |62/-29 -4.6/46 464/44  |55.8/106 (3482  |2469/3272
2017 |47 |60/-32 -8.4/108 327/41 |55.6/56 (3227 |2263/3262
2018 5.8 |64/-30 -15/150 243/22  |54.4/58  |3450 [2415/3033
2019 |54 |60/-28 -6.4/94 386/46  [51.3/104 |3459 |2249/2763
2020 |7.8 |64/-25 -7.2/63 264/38  |53/109 3555 |2399/3050
2021 6.3 [66/-31 -13/129 255/34  |48/153 3820 [2680/3215
2022 |57 |60/-27 -2.6/78 372/36  [56.6/82  |3458 |2386/2935
2023 9.5 |62/-35 -10/143 384/33  [56.4/95  |3695 |2531/3246
Norm [4.6 |61.6/-42 |-13/114 363/31 [55.2/81 |3163 |2148/2887

The soils of the OSU Botanical Garden are represented by southern, car-
bonate, and heavy loamy chernozems (mollisols) with a thickness of 50-60
cm, with a structural and aggregate composition favorable for plant cultivation.
Groundwater lies at a depth of 3540 m.

The experiments were designed according to the program and methodology
[14] and the methodology [15]. After overwintering the mother plants of clonal
rootstocks, the condition of plantations was determined according to Budagovsky.

In the fall of 2007 (October), isolated seeds were sown at the seedling
school. Next year, the field germination of seeds, the yield of standard seed
rootstocks, and the number of selected forms were taken into account at the
seedling school. After digging the plants in the fall of 2008, seedlings with a
fibrous root system and the presence of burr knots on the shoots were selected,
and then they were planted in the mother plant place planted using the method
of vertical branches.

The survival rate, the preservation of plants, the yield of branches from the
bush, including standard ones, rootability, and the branching of shoots were
taken into account in the plant mother stock. The clonal rootstock Ural 5 (k)
was used as a control. Statistical processing was performed using Statistica 9.0
and Microsoft Office Excel.

Results

Most of the selected forms were obtained among seedlings obtained from
fruits harvested from Ural 5 (k), Ye-56, K-2, 71-7-22, 57-490, 64-143, and 65-
151 forms (Fig. 1).
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Fig. 1. Vegetative productivity of clonal rootstocks in the mother stock, planted

by the method of vertical branches: on the left — OB 3-4, on the right — Ural 5 (control).

In the mother plant stock of vertical branches, all selected forms of the OB

series were evaluated for a number of parameters. Table 2 shows the data on
the survival rate of the forms and the main indicators for 2023: preservation,
condition, rootability, the number of branches from the bush, and the sum of
branches over the years of research.

Table 2.

Characteristics of selected forms of apple tree clonal rootstocks in the mother
stock of vertical branches in the OSU Botanical Garden. Planting 2008

Planted Indicators 2023 Sum of
. number of | branches,
No. Sgﬁfgzd rizfsl(;gl%s pes survival gra:'iS:Irl- condition, | rootability, | branches |thousand/
| rate, % | "%, | point point | perbush, [ha (2010
ps. 2023)
1 OB1-3 100 12.5 5.0 4.5 13.0 1180.9
2 OB14 100 100 5.0 4.5 20.0 1266.4
3 OB1-5 11 909 36.4 5.0 4.5 6.2 717.9
4 OBI1-9 8 87.5 100 5.0 4.5 8.0 716.4
5 OB1-15 5 80.0 40.0 5.0 4.0 20.0 859.2
6 OB2-1 71-2-22 10 20.0 100 4.5 5.0 5.7 1488.5
7 *OB2-2 20 100 70.0 5.0 4.5 8.7 1730.8
8§ OB2-3 5 100 100 5.0 4.0 9.0 1371.0
9 *OB2-5 5 100 100 5.0 4.5 345 1573.1
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10 *OB 2-4 21 100 100 5.0 5.0 205 31965
11 OB2-6 5800 333 45 40 30 740.1
12 *OB2-7 10900 100 45 40 80 15879
13 OB 28 5100 600 45 40 50 13905
14 OB2-9 5100 100 45 45 80 13290
15 OB 2-10 5400 100 40 45 52 %12
16 OB 2-11 5100 600 45 40 62 9277
17 *OB2-12 5100 200 45 45 180 22430
18 OB2-13 62396 5 800 600 50 45 143 12262
19 OB2-14 574490 4 100 400 40 5.0 40 11906
20 *OB2-15 57-490 5 800 778 45 5.0 140 21608
21 OB2-16 8 626 750 45 40 128 11115
22 OB 2-17 5100 400 45 40 96 7462
23 OB2-24 7100 667 50 45 50 12238
24 OB2-28 5100 600 45 45 50 8183
25 OB 2-30 8 623 100 45 45 48 4501
26 OB 3-1 4100 800 50 45 134 14013
27 OB 3-2 6 100 800 45 45 63 8297
28 OB 3-3 30100 442 50 40 50 8459
29 *OB3-4 71-7-22 22 909 667 5.0 5.0 202 21912
30 OB 3-5 6 100 750 50 45 47 10918
31 *OB 3-6 6 500 100 50 45 122 18004
3 OB37 57366 5 100 60.0 40 45 52 12973
33 OB 3-8 13100 333 50 45 175 8026
34 OB3-9 12100 100 50 40 105 128238
35 *OB 3-10 5100 100 5.0 45 1.0 17945
36 OB3-12 18 167 100 45 5.0 50 11927
37 *OB3-14 54118 4 100 667 50 5.0 65 21377
38 gf;‘lltfol) 57-469 113 787 569 5.0 5.0 79 13773

Note. * — promising form, clones that reliably exceed the control are highlighted
in bold.

In the mother stock, planted by the method of vertical branches, most of
the forms had a good survival rate, significantly exceeding the control (Fig.
2). The forms OB2-1 and OB3-12, had low survival rates, 20 and 16.7%,
respectively. As 0f 2023, 57% of Ural 5 plants remained in the control. The
forms OB 1-4, OB 1-9, OB 2-1, OB 2-3, OB 2-5, OB 2-4, OB 2-7, OB 2-9,
OB 2-10, OB 2-30, OB 3-6, OB 3-9, OB 3-10, and OB 3-12 showed 100%
preservation.
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Fig. 2. Experimental mother stock, planted by the method of vertical branches
(OSU Botanical Garden, Orenburg, Russia).

Preservation of 20% or less was observed in the forms OB 1-3 and OB 2-12.
The condition of all forms was rated at 4-5 points. The control group and the
forms of OB 2-1, OB 2-4, OB 2-14, OB 2-15, OB 3-4, OB 3-12, and OB 3-14
had a rootability of 5 points.

In 2023, the productivity of the control group was 8 branches per bush.
Among the OB forms, 16 forms were lower than the control in productivity, 14
forms were at the level of Ural 5 (k), and 7 forms had a productivity 2 times
higher than in the control: OB1-4, OB1-15, OB2-5, OB2-4, OB2-12, OB3-4,
and OB3-8 (Table 4).

Of particular interest are samples of OB 3-4, OB 2-4, OB 2-5, OB 3-14, and
OB 2-15, which are significantly ahead of the control in all parameters (Fig. 3).
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Fig. 3. Generative productivity of the form OB 3-14.
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Over the years of observation, the yield of standard branches of selected
forms of apple clonal rootstocks in the mother stock of vertical branches var-
ied from 2.7 thousand/ha (OB 2-30 in 2021) up to 444 thousand/ha (OB 2-8 in
2023) (Table 3). The productivity of the mother stock largely depends on the
genetic resources of plants, agricultural technology, and soil and climatic con-
ditions of the current and previous years. The yield of standard branches of the
OB series in the mother stock of vertical branches during the entire observation
period varied (Table 3) depending on climatic conditions.

In 2011, 2013, 2015, and 2018, the winters were severe, the soil cover
was frozen by more than 100 cm, and the soil temperature at a depth of 20 cm
dropped to critical -14—16 °C. Under these conditions, some forms reduced pro-
ductivity by 2-3 times. In the years ahead, the productivity of plantings almost
recovered. High adaptability to adverse conditions of the winter period can be
noted in the forms OB 1-3, OB 2-4, OB 2-13, OB 2-15, OB 2-24, OB 3-4, OB
3-9, and OB 3-14.

The vegetation periods of 2020 and 2021 were abnormally hot and dry. The
number of days with relative humidity below 30% reached 109 and 153 days,
respectively. Under these extreme conditions, the productivity of most forms
decreased by 2 times or more. Productivity dropped to 0 in the OB 2-10 form.

Some forms in 2020 during the period of abnormal heat and drought also
sharply reduced their productivity compared to 2019, but recovered in the next
2021. It was observed in the control (Ural 5) and in the forms OB 2-2, OB 2-4,
OB 2-9, OB 3-1, and OB 3-6. On the contrary, others showed high results in
2020, despite the drought; but in 2021 they had lower productivity than in the
previous 2 years (Table 3).

Table 3.

Yield in the mother stock vertical branches of clonal apple rootstocks
selected forms (OSU Botanical Garden, planting 2008)

Selected Yield of branches by years, thousand/ha

forms  [2010]2011[2012[2013]2014]2015]2016/2017]2018]2019]2020]2021[2022]2023
OB 1-3 27.8 177.5155.4165.4140.6 68.6 60.9 24.9 27.5 38.6 91.9 99.4 83.2 19,2
OB 14 54.6 564 394 222 11.0 47.5 115.5193.2182.5193.5153.5 73.5 74.0 49,6
OB 1-5 834 55.6 66.5 66.6 1103 57.3 423 18.0 49.9 36.3 33.3 32.1 443 22,0
OB 1-9 49.1 56.6 22.2 373 77.7 69.7 83.7 83.2 74.1 70.4 664 88 9.8 74
OB 1-15 27.8 39.0 34.7 444 572 349 17.7 26.4 118.7 78.4 111.8134.6 73.8 59,8
OB 2-1 - - - - 79.8 62.1 71.8 177.6417.7399.6215.8 64.1 - -
*OB2-2 83.4 83.3310.8133.2 483 443 54.1 558 66.0 444 96.8 221.9288.7199,8
OB 2-3 55.6 83.4 111.0 66.6 110.0 66.0 62.8 56.2 54.7 177.6201.5132.2116.9 76,5
* OB 2-5 121.4194.6186.4110.9310.8 76.4 60.9 249 49.9 38.6 166.4 88.8 66.6 76,5

Z
o

O 00 3 N kW=



Siberian Journal of Life Sciences and Agriculture, Tom 18, Nel, 2026 273

18
19

38

* OB 2-4
OB 2-6
* OB 2-7
OB 2-8
* OB 2-9
OB 2-10
OB 2-11
* OB 2-12
OB 2-13
OB 2-14
* OB 2-15
OB 2-16
OB 2-17
OB 2-24
OB 2-28
OB 2-30
OB 3-1
OB 3-2
OB 3-3
* OB 3-4
OB 3-5
* OB 3-6
OB 3-7 cr.
OB 3-8
OB 3-9

83.4 222.4169.3129.6288.5162.1 116.8246.9327.0260.8 198.2229.7471.6 290,2

27.8 389 222 39.4 185 232
53.6 148.4 48.6 39.5 55.2 544
55.6 138.4 72.1 36.9 51.7 47.5
83.4 55.6 51.4 44.7 40.6 32.0

- - - - - 443
55.6 94.6 44.4 444 185 32.0
139.0194.6222.1101.0112.0 94.4

66.7 85.7 177.5 83.2 89 26.6 54.8 66,7
55.1 104.2136.5 48.9 147.3177.6222.0296,6
62.1 68.4 109.1 22.2 55.5 105.2122.1443,7
39.9 102.0 66.7 44.4 202.3332.8133.2100,0
66.6 58.6 17.6 82.4 25.1 0.0 26.6 0,0
42.0 115.2 97.4 134.7 73.7 62.7 70.7 41,8
48.7 54.1 208.5202.8332.5104.0206.4222,9

83.4 138.4 82.1 121.7 66.1 129.4 44.3 88.8 109.8 49.4 355 122.1 99.8 554

55.6 27.8 111.0 14.8 37.3 66.7

71.0 150.9171.5168.5124.2 75.5 80.7 35,1

111.3177.2177.5171.4133.7 63.8 164.3 35.5 298.5 98.7 263.3123.1192.5150,0

166.8 69.5 46.6 40.6 59.0 68.3
38.3 54.7 41.3 27.7 483 44.7

72.8 115.2 88.7 98.7 80.0 66.7 78.8 59,8
304 95.7 58.6 61.0 42.7 39.9 83.3 79,6

83.1 94.6 69.2 129.6 88.8 125.6139.1 88.4 101.2 22.3 59.5 95.9 51.5 75,0

214 362 42.1 333 59.0 64.9

- - - - 688 122
139.0152.8146.2 36.4 49.5 57.8
48.7 69.5 54.1 65.9 40.6 27.6

61.3 43.7 68.7 87.9 74.0 52.4 124.0 49,4
23.5 57.7 39.6 61.0 30.4 2.7 444 0,0
133 21.7 7.5 66.6 44.4 199.8222.0244,3
61.3 79.9 80.9 88.7 71.0 66.5 75.0 0,0

55.7 167.1 66.6 37.7 9.5 133.1 30.7 78.6 70.4 554 444 22.1 44.0 30,6
83.4 154.7149.2144.4168.0122.0109.5209.7286.2240.9169.9165.5 93.1 94,7

139.0156.4111.0 52.2 13.3 43.7

57.7 37.2 87.9 90.0 114.5 77.1 38.8 73,0

178.0194.6 111.0 110.9127.3 43.4 115.5182.5193.5153.3 73.6 74.0 193.2 49,6

166.8192.8166.4 44.2 55.4 66.5
52.1 55.6 111.0 66.6 17.7 33.3
138.9139.0133.2147.9 83.2 64.4

77.0 75.4 83.6 102.0 70.7 57.8 459 9228
97.6 444 66.8 222 954 57.8 66.6 15,5
57.7 37.2 87.9 90.0 114.5 77.1 38.8 73,0

* OB 3-10122.4149.9 44.4 449 77.7 63.8 88.9 110.9360.9199.8182.2177.5 98.5 72,7
- - - - 79.8 332.8167.3211.2 79.7 147.9 72.8 101.2 0.0 0,0
37 *OB 3-14 111.3152.8133.0221.9126.5142.0 62.8 110.7311.6121.8162.2162.8203.5 114,8

OB 3-12

Ural 5
(control)

68.8 85.2 56.7 455 61.1 97.3

91.1 93.6 140.0132.5 87.6 140.8150.8 126,3

Note. * — promising form, results that significantly exceed the control are high-
lighted in bold.

The initial forms OB 1-3, OB 1-15, OB 2-2, OB 2-7, OB 2-8, OB 2-9, OB
2-15, OB 3-4, OB 3-10, and OB 3-14 did not reduce annual productivity gains
and demonstrated high adaptability to biotic and abiotic stressors.

Data of most study samples (Table 4) have a slight relative sampling error
(less than 25%); therefore, the obtained results can be considered reliable. The
exception is the rootstocks OB 2-1 and OB 2-8. Therefore, observations will
be continued, since the sum of branches received during the study period and
the average over the years exceed the control.
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The group of studied rootstocks is characterized by a high coefficient of
variation (more than 50%) and standard deviation (more than 50 thousand/ha),
which indicates a high level of variability. These indicators are associated with
the challenging and unstable climatic conditions of the Orenburg Region, where
dry and hot years alternate with wet and cool ones.

Periodically frosty and snowless winters cause great damage to the mother
stock of clonal rootstocks; especially it is characteristic for forms, which had
been bred in the southern regions. The indicators of the clonal rootstock Ural
5 (k) had a coefficient of variation of 35%, which confirms its adaptation to
these climatic conditions.

The forms of rootstocks OB 2-4, OB 2-13, OB 2-15, OB 2-16, OB 2-17,
OB 2-24, OB 2-28, OB 3-2, OB 3-4, OB 3-6, OB 3-9, and OB 3-14 have close
to control results for this parameter. Fourteen forms of rootstocks OB 2-1, OB
2-2, OB 2-5, OB 2-4, OB 2-7, OB 2-8, OB 2-12, OB 2-15, OB 3-1, OB 3-4,
OB 3-6, OB 3-10, OB 3-12, and RL 3-14 exceeded the control on the sum of
branches over the years and on average by years (Table 4).

Table 4.
Variational and statistical indicators of the yield in the mother stock
of vertical branches of standard branches of clonal apple rootstocks selected
forms (OSU Botanical Garden, planting 2008)

£.-14% 5 £ _|g¢ =

o e © — — 2

2SS|8% | 25| 5% | sEE|BEE 2t

Selected | E€aq |~ 2 5| IS 25 |xA>E| &> 8 = O

No. 83 oS & 2.8 S 3|5 g8 = o
forms =89 | @ sz EE8 982 =83 s £

SIS = Ea an _g [T =] o = < O = =

ESQ | Sa S 28 g 28 g

& <& 2 <38 E

1 OB 1-3 1180.9 84.4 56.1 66.4 36.23 -14.03 15.0
2 OB 1-4 1266.4 90.5 64.7 71.4 40.49 -7.92 17.3
3 OB 1-5 717.9 51.3 24.9 48.5 23.39 -47.10 6.7
4 OB 1-9 716.4 51.2 28.8 56.2 24.70 -47.21 7.7
5 OB 1-15 859.2 61.4 373 60.8 27.96 -37.01 10.0
6 * OB 2-1 1488.5 148.9 152.8 102 103.38 36.74 40.9
7 * OB 2-2 1730.8 123.6 93.1 75.4 54.69 25.25 249
8 OB 2-3 1371.0 97.9 46.6 47.6 31.91 -0.45 12.5
9 * OB 2-5 1573.1 112.4 78.2 69.6 47.06 13.99 20.9
10 *0OB2-4 31965 228.3 99.9 43.8 58.20 129.94 26.7
11 OB 2-6 740.1 52.9 435 82.1 30.53 -45.51 11.6
12 * OB 2-7 1587.9 113.4 78.5 69.2 47.21 15.04 21.0

13 OB 2-8 1390.5 99.3 104.7 105.4 60.70 0.94 28.0
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14 *OB29 1329.0 94.9 82.8 87.2 49.37 -3.45 22.1
15 OB 2-10 321.2 32.1 29.7 92.6 44.75 -79.99 79
16 OB 2-11 927.7 66.3 33.6 50.6 26.48 -32.11 9.0
17 *0B2-12 22430 160.2 79.6 49.7 47.76 61.84 213
18 OB 2-13 1226.2 87.6 339 38.7 26.60 -10.79 9.1
19 *OB2-14  1190.6 85.0 522 61.5 34.45 -13.34 14.0
20 *OB2-15  2160.8 154.3 70.3 45.6 43.11 55.96 18.8
21 OB 2-16 1111.5 79.4 319 40.1 25.82 -18.99 8.5
22 OB 2-17 746.2 533 20.4 383 22.04 -45.08 5.5
23 OB 2-24 1223.8 87.4 31.7 36.2 23.69 -10.96 8.5
24 OB 2-28 818.3 58.5 25.8 44.1 27.94 -39.93 6.9
25 OB 2-30 450.1 45.0 35.6 79.2 30.79 -67.10 9.5
26 * OB 3-1 1401.3 100.1 81.8 81.7 48.86 1.71 21.9
27 OB 3-2 829.7 59.3 23.8 40.1 23.04 -39.11 6.4
28 OB 3-3 845.9 60.4 43.0 71.2 30.34 -37.96 11.5
29 *0OB3-4 21912 156.5 58.1 372 37.21 58.14 15.5
30 OB 3-5 1091.8 78.0 41.3 53.0 29.62 -20.39 11.0
31 *OB3-6  1800.4 128.6 54.8 42.6 35.63 30.22 14.6
32 OB 3-7 1297.3 92.7 48.0 51.8 32.54 -5.71 12.8
33 OB 3-8 802.6 57.3 29.8 52.0 25.07 -41.05 8.0
34 OB 3-9 1282.8 91.6 37.4 40.8 27.99 -6.75 10.0
35 *OB3-10 1794.5 128.2 83.9 65.5 49.97 29.8 224
36 OB 3-12 1192.7 119.3 100.7 84.4 70.95 7.16 26.9
37 *OB3-14 21377 152.7 60.7 39.8 38.45 54.31 16.2

38 UmlS o yao0s 0g4 344 350 9.2
(control)
Mean value 130560 9586  56.17  59.4 15.02

Note. * — promising form, results that significantly exceed the control are high-
lighted in bold.

Conclusion

Over the entire period of studies, the forms OB 1-5, OB 1-9, OB 1-15, OB
2-6, 0B 2-10, OB 2-11, OB 2-17, OB 2-28, OB 2-30, OB 3-2, OB 3-3, and OB
3-8 had consistently low results in the mother stock of vertical branches com-
pared to the control.

Among all studied forms, the forms OB 2-4, OB 2-12, OB 2-15, OB 3-4,
and OB 3-14 were distinguished reliably (results of LSDO0,5). The OB 2-4 form
had a powerful root system (Fig. 4).
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L | 7. W
Fig. 4. Root system of selected forms of clonal apple rootstocks:
on the left — OB 2-4, on the right — Ural 5 (control).

OB 2-4. Seedlings from the free pollination form 71-7-23. Semi-dwarf.
Greenleaf form. Rootability 5 points. Survival rate 100%. Preservation 100%.
Winter hardiness, drought and heat resistance are high. The leaf is small, light
green, with stipules, the leaf margin is finely serrated, the petiole length is 1
cm. The leaf'area is 11 cm?. The yield of branches in the mother stock is 3196.5
thousand/ha. The root system is developed better than that of the control Ural 5.

OB 3-4. Seedling of the Michurin form 71-7-22. Semi-dwarf. Greenleaf
form. Rootability 5 points. Survival rate 90.9%. Preservation 67.7%. Winter
hardiness, drought and heat resistance are high. The leaf'is serrated at the base,
the bottom of the leaf and the petiole of the leaf are pubescent, there are stip-
ules, the length of the petiole is 1.5 cm.

The form OB 3-14, along with the annual yield of vertical branches exceed-
ing the control, is also distinguished by high generative productivity (Fig. 3).

OB 3-14. Seedling from free pollination of the form Ural 5. Semi-dwarf.
Redleaf form. Rootability 5 points. Survival rate 100%. Preservation 67.7%.
Winter hardiness, drought and heat resistance are high. The leaf is double-ser-
rated, serrated at the base, with stipules, the bottom of the leaf, petiole, and
stipules are pubescent, the petiole length is up to 2 cm. The leaf area is 24 cm?.
The yield of branches in the mother stock is 2137.7 thousand/ha. It has a high
generative productivity.

OB 2-12. Seedling of free pollination. Semi-dwarf. Greenleaf form. Root-
ability 4.5 points. Survival rate 100%. Preservation 60%. Winter hardiness is
high. The yield of branches in the mother stock is 2243 thousand/ha. Distin-
guished by less preservation compared to the control.
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OB 2-15. Seedling of free pollination of the form Ural 5. Semi-dwarf.
Greenleaf form. Rootability 5 points. Survival rate 80%. Preservation 77.8%.
Winter hardiness, drought and heat resistance are high. The leaf with small
scales-stipules, the leaf edge is double-serrated, the petiole length is 2 cm. The
leaf area is 18 cm?. The yield of branches in the mother stock is 2160.8 thou-
sand/ha.

Conclusion

1. Selection of clonal rootstocks in extreme conditions of the Southern Urals
made it possible to identify the most stable and productive forms OB 2-4, OB
2-2, OB 2-15, OB 3-4, and OB 3-14.

2. Along-term study of the forms in the mother stock, planted by the method
of vertical branches, makes it possible to identify the most productive speci-
mens among the forms OB 2-4, OB 2-2, OB 2-15, and OB 3-14 and to develop
technologies for their accelerated propagation without disrupting productivity
and genetic stability.
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