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Abstract. Natural and climatic conditions of the green zone of Nur-Sultan (Kazakhstan) are un-
favorable for tree and shrub species due to low soil fertility, sharply continental climate and other factors.
The purpose of the research was to choose an assortment of stable introducents for Nur-Sultan green zone.
The monitoring of growth and condition of artificial plantations included the selection of an assortment
of stable coniferous introducents. The objects of research were coniferous introducents, which were planted
in 2011 as container annual seedlings and three-year-old seedlings with open root system. According
to the results of observations of conservation, taxation indicators and condition of artificial plantations,
it was revealed that for the soil and climatic conditions of the research region, Picea nigra and Picea sibirica
turned out to be the most adapted. Quercus robur was also characterized by good growth, but in the first
years after planting, it was significantly damaged by late spring frosts and rodent ingestion. Larix sibirica,
despite the fact that most of its plants died in the first years after planting, has adapted to soil and climatic
conditions now and grows well enough and has a satisfactory condition. The safety of introduced plants
planted with annual seedlings with a closed and open root system was practically the same and at the age
of 8 it was 62.6 and 64.9%, respectively. It was revealed that it is better to plant crops with older seedlings
(3—4 years old), because cultivation of annual seedlings with closed root system requires large financial
and labor investments due to prolonged manual care. Therefore, to create artificial plantations in the green
zone of Nur-Sultan, Picea sibirica, Picea nigra and Quercus robur can be recommended. When growing
them, it is necessary to carry out thorough agro-technical cares and protection from rodents.
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Hay4yHoe conpoBoXaeHue
NPON3BOACTBEHHbIX OMNbITOB B JIECHbIX KYJIbTypax
3eneHoro nosicar. Hyp-CynrtaH

C.A. KabanoBa'*, A.H. Ka6anos', A.A. Xacenos’, M.A. /lanyenko’

'Kaszaxckuil Hay4HO-HCCIIEI0BATEILCKHI JIECHOTO X035iCTBA
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>TOO «Actana opMaHby, Hyp-Cyaman, Kasaxcman
*TomMckuii rocynapcTseHHblil yausepeutet, Tomck, Poccutickas @edepayus
*Kabanova.05@mail.ru

AnHoTtanus. [IprpoHO-KIMMaTHIECKUE YCIOBHUS PACTIONOKEHUS 3eJIEHOro nosica cronuns! Kazax-
crana ropona Hyp-CynraH sBISIIOTCS HEONAronpusITHEIMA TSl TIPOU3PACTAHUS IPEBECHBIX M KYCTapHHKO-
BBIX TOPOJI M3-32 HU3KOH IJIONOPOJHOCTHU IOYBBI, PE3KO-KOHTHHEHTAIBHOTO KJIIMMaTa U IPYruX (pakTopoB.
Ienb uccaenoBaHii — BBIOOP aCCOPTUMEHTA YCTOHYHMBBIX HHTPOAYIIEHTOB B 3eJicHOM mosice T. Hyp-
CynraH. B 3agaqy MOHHTOpHHTA POCTa M COCTOSIHHS MCKYCCTBEHHBIX HAaCaKJIEHHH BXOAWII BEIOOP accop-
TUMEHTA YCTOMYMBBIX XBOWHBIX HHTPOAYIIEHTOB. OOBEKTaMU UCCIIEJIOBAHUN OBUIH JIECHBIE KYJIBTYPHBI
XBOWHBIX HHTPOAYIIEHTOB, TTocaykeHHBIE B 2011 T. OIHOIETHUMH CeSTHIIAMU C 3aKPBITON KOPHEBOI CHCTEMOM
(3KC) u TpexJIeTHUMH CesHIIaMH ¢ OTKpbIToN KopHeBo# cuctemoit (OKC). Tlo pesynbTatam HaOmOACHHUN
32 COXPAHHOCTBIO, TAKCAIIMOHHBIMHU TIOKA3aTeNSIMA U COCTOSIHUEM HCKYCCTBEHHBIX HAC)XKICHUH BBISBIICHO,
YTO IS TIOUBEHHO-KIIMMATHYECKUX YCIOBHI PEernoHa MccieoBaHuil Hanbosiee MpUCIoco0IeHHBIMU OKa-
3aJTICh HHTPOIYLEHTHI poaa Exp — enb yepHas u cubupcekast. Tarxoke XOpOIIUM jKU3HEHHBIM COCTOSTHHEM
XapaKTepU30BaJICs Iy0 YeperrvaTslii, HO B EPBbIC TOJIBI MTOCIIE TIOCAIKH OH TIO/IBEPrajcsi 3HAUYNTEILHBIM
TIOBPEXICHUSM 03JHEe-BECEHHUMH 3aMOPO3KaMH U 00BEeJaHUIO TphI3yHaMH. JIUCTBEHHHIIA CHOUpPCKas,
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HECMOTPsI Ha TO, YTO OOJIBIINHCTBO PACTEHUM MOTrUOJI0 B EpBbIE OB IOCIIE IOCAKU, B HACTOSIIEEe
BpeMs IPUCTIOCOOMIIACh K MOYBEHHO-KIMMATUUECKUM YCJIOBHSAM U JIOCTATOYHO XOPOIIO PacTeT U UMeeT
YIOBJIETBOPUTENbHOE cOCTOsiHUE. COXPaHHOCTh MHTPOMYLIEHTOB, IIOCAKEHHBIX OJHOJIETHUMH CEsSHLAMHU
C 3aKPBITOI U OTKPBITON KOPHEBOH CUCTEMOM, NPaKTUYECKU HE pa3nuyanach U B §-IE€THEM Bo3pacTe
COCTaBWJIa COOTBETCTBEHHO 62,6 u 64,9%. BbIABIEHO, UTO JIyullle BBICAXHBATh KYJIBTYPhl CESHLIAMU
Oosee crapiiero Bo3pacta (3—4-JIeTHUMH), TaK KaK BbIpaluBaHue ogHoneTHuX caxeHieB 3KC tpebyer
6omnbIINX (PUHAHCOBBIX U TPYAOBBIX BIOXKEHUH M3-3a MPOJODKUTENIBHBIX PYYHBIX YX010B. CliejoBaTebHO,
JUISL CO3JIaHUSI UCKYCCTBEHHBIX HacaXJeHUH B 3eseHoM nosice I. Hyp-CynraHa MOXKHO peKOMEH10BaTh
eIlb CHOMPCKYIO, €11b YepHyIo U Iy0 depenrdarsiil. [Ipy ux BBIpamIBaHNN HEOOXOIUMO MPOBOIHTH TIIA-
TeJIbHBIC aTrPOTEXHUUECKUE YXObI U 3aLUTY OT IPHI3YHOB.

KiioueBblie ciioBa: IIPpUTropoOJaHBIC Jieca, XBOUWHBIC HUHTPOAYUEHTBI, COXPAHHOCTb, POCT

HNudopmanust o BKIage KaKIOro aBropa. Ydactre aBTopoB: KabanoBa C.A. — aHaNM3 MONy4eH-
HBIX JIaHHBIX, HaNKMcaHue Tekcta; JlanueHko M.A. — aHajM3 MOJYYEHHBIX JAHHBIX, HAIICAHUE
tekcta, KabanoB A.H. — cOop u 06paboTka MaTepuanoB, XaceHoB A.A. — cOOp MaTepHaloB.

Baaronapuoctu. ABTOpHI BRIpaXKaroT OnarogapHocTh cotpynankaM KasHUMJITXA, nprHIMaBIIM
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TOO «ActaHa opMaHBD».
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COBBIC OTHOLICHUS, CITy>k0a MM paboTa B yUPEXKACHUIX, UMEIOIINX (PMHAHCOBBIA WITH MOJMTHYECKUH
UHTEpeC K IyOIMKYeMBIM MaTepraiaM, JODKHOCTHBIE 00S3aHHOCTH U JIP.), CIOCOOHOTO MOBIUATH
Ha aBTOPOB PYKOIHCH U IPUBECTH K COKPBITHIO, HCKKEHHUIO JAHHBIX, WM U3MEHUTh UX TPaKTOBKY
HE MMEeTCH.

Hcropus craTbu:
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Jns nurupoBanusi: Kabanosa C.A., Kabanos A.H., Xacenos A.A., [lanuenko M.A. Hayaroe corpo-
BOJKJICHHC MPOM3BOJCTBEHHBIX OIBITOB B JICCHBIX KyJIbTypax 3eyicHoro mosica r. Hyp-Cymiran //
BectHuk Poccuiickoro yHuBepcutera Apyx0b1 HapooB. Cepusi: ATpOHOMUS U KMBOTHOBOJICTBO.
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Introduction

Suburban forests in green zones around cities and other settlements have undeniable
benefits — they reduce the influence of adverse weather and environmental factors,
improve the aesthetic situation, are used as recreation for population and perform many
other functions [1—3]. Therefore, great attention is paid everywhere to the creation,
conservation, and reconstruction of suburban forests [4—6]. The climatic conditions
of Nur-Sultan (Kazakhstan) are unfavorable for tree and shrub species due to the low
soil fertility, sharply continental climate and other factors [7, 8]. For these reasons, large
labor and financial costs are required for creation, maintenance and survival of artificial
plantings of the suburban zone, and because of soil salinity, inclusion of salt tolerant
plants in the assortment is necessary [9]. Kazakh Research Institute of Forestry
and Agroforestry, jointly with Astana ormany company, participates in the laying and
monitoring of scientific and production experiments in artificial plantings of the green
zone [10, 11].

PROTECTIVE AFFORESTATION 439



Kabanoea C.A. u op. Bectauk PYJTH. Cepusi: Arpornomust u xkuBoTHOBOACTBO. 2019. T. 14. Ne 4. C. 437—452

The aim of the research was to determine the most appropriate wood species
introduced into the green zone of Kazakhstan capital that are most adapted to adverse
soil and climatic conditions. Monitoring the growth and condition of artificial plantations,
they solved the problem of choosing an assortment of stable coniferous introducers.

Materials and methods

The objects of research were forest crops of coniferous introducents planted in 2011.
Coniferous introducers were obtained from Russian nurseries in the form of one- and
three-year-old seedlings with open and closed root system. Annual seedlings of Siberian
spruce was planted with open root system, and seedlings with closed root system were
3—4 years old. In addition to introducers, native Pinus sylvestris seedlings were planted
in Nur-Sultan.

Monitoring was carried out on permanent trial plots laid in the most representative
places of forest crops. Each sample had at least 200 trees, for which continuous obser-
vations were made. Quantitative traits were measured: the height of the trees was
determined with a measuring rod with an accuracy of 1 cm, the trunk diameter — with
a vernier caliper with an accuracy of 0.1 cm. In introduced crops that did not reach
a 2 m height, the stem diameter was measured at the base of the root neck and for trees
above 2 m — at an altitude of 1.3 m [12, 13].

Fruiting and condition of trees was visually determined by a 5-point system,
the highest score was assigned to trees with the highest bearing and the best condition.
Survival of crops was calculated as the ratio of number of living to the number of dead
trees, so 50% of doubtful trees related to the dead ones, and 50% — to living trees.

Results and discussion

In 2019, the average survival of coniferous introducers planted with annual con-
tainer seedlings varied from 19.6 to 62.6%. Engelman spruce had a large number of
dubious trees, which indicated instability of plants state. Siberian spruce was the best
preserved (62.6%), and only 0.3% of dubious trees were observed, the rest of the plants
were in good condition (4.2 points). This year's (2019) Balsam fir died completely;
in 2018, its survival was 8.8%. Weak growth and a large dying-out of Balsam fir was
noted immediately after planting.

Siberian spruce is the leader among coniferous introducers with open root system,
whose survival continues to remain at a high level (64.9%) this year. The lowest survival
index (16.5%) was found in Siberian fir. The examination revealed it was highly exposed
to solar radiation (burned needles), in some cases leading to plant death. The introducent
Siberian larch and native Scots pine (open root system) had low survival level — 28.1
and 23.4%, respectively.

Survival of Common oak (open root system) was 1% higher than in 2018 and
amounted to 88.4% in 2019, which was associated with overgrowth renewal of seedlings.
A large number of dubious trees of Common oak is associated with rodent trunks
damage and late spring frost influence.

When comparing the average survival of seedlings, it was higher for open root
seedlings (44.3%) than for closed root seedlings (35.8%) (Table 1).
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Table 1
Average survival of forest species in Nur-Sultan green zone
Species Number of plants Survival, %
total alive dead doubtful
Closed root seedlings
Abies balsamea 224 0 0 0 0
Picea engelmannii 2126 1126 961 39 53.8
Picea pungens 5367 2294 3045 28 43.0
Picea nigra 1784 350 1434 0 19.6
Picea obovata 989 618 369 2 62.6
average 35.8
Open root seedlings
Picea obovata 8713 5647 2788 11 64.9
Pinus sylvestris 5657 1302 4312 43 23.4
Quercus robur 4 451 3915 375 43 88.4
Abies sibirica 2195 279 1916 0 16.5
Larix sibirica 2741 769 1967 5 28.1
average 44.3
Table 2
Growth of forest species in Nur-Sultan green zone
Diameter, cm Height, cm Growth, cm
Species
Xtm V, % Xtm V, % Xtm V, %
Open root seedlings
Pinus sylvestris* 3.2+0.1 41.3 246.8+7.0 34.6 39.1+£141 35.5
Abies sibirica 1.9+0.08 43.0 82.4+3.8 47.4 154+1.1 73.0
Picea obovata 1.8+0.04 40.5 154.8+£2.0 24.6 31.2+0.7 40.6
Larix sibirica* 2.3+0.07 42.6 243.8+4.7 27.3 47.7+1.0 29.9
Quercus robur* 2.6+0.06 441 278.6+6.2 38.4 46.7+1.3 38.0
Closed root seedlings
Picea nigra 2.0+0.05 34.2 138.3+£3.5 31.6 28.8+£1.3 53.9
Picea engelmannii 2.3+£0.04 29.4 121.5+2.6 32.9 26.0+£0.6 37.3
Picea pungens 1.9+£0.04 39.9 115.6+£1.9 36.0 24.3+0.6 55.2
Picea obovata 1.0+0.06 43.4 138.7+4.8 35.0 33.0+£1.2 37.5

Note: *diameter was measured at 1.3 m height.

Although the survival of black spruce was low, its condition was generally satis-
factory (3.9 points). In addition, this species had fruiting. The number of cones per 1 plant
ranged from 3 to 45. The cone sizes averaged 2.0...2.5 cm in length and 1.3...1.5 cm
in diameter. The fruiting trees had a very decorative appearance due to red-violet color
and beautiful shape of cones. The first fruit bearing was noted in 2018, at the 7th year
of growing.

Consider the data on height, growth and diameter of introduced trees planted
with open root system (Table 2).

Among coniferous open root introducers, Siberian larch had the largest diameter
and height — 2.3 and 243.8 cm in 2019, respectively, the trees were in good condition.
The growth of all coniferous introducers and Scots pine varied at a very high level
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in diameter (coefficient of variation V" was 40.5...43.0%) and at high and very high level
in height (V' = 24.6...47,4). Siberian fir trees differed in height most of all the trees.
The height of the Common oak, as a faster-growing breed, averaged 278.6 cm and
an average diameter of 2.6 cm, but was also a strong differentiation of trees in growth.
Common pine, as more adapted to the local conditions species, had good growth indi-
cators both in height and in diameter.

Among the crops planted with closed root, Black spruce and Siberian spruce
prevailed in height, and had the similar characteristics. Engelman spruce with a small
height (121.5 cm) had the largest diameter (2.3 cm), which was associated with biological
characteristics of the species. Prickly spruce lagged behind other spruce species
in height, but was slightly inferior to Black spruce and Engelman spruce in diameter.

Comparing Siberian spruce, trees planted with closed root lagged by 10.4%
in height and 44.4% in diameter compared to open root trees. But on the basis of the data
obtained, it is impossible to draw a conclusion about the priority of planting seedlings
with open root, since the biological age of seedlings in plants differs by 2 years.

Since growth indicators vary significantly, an analysis of the minimum, maximum
and average values was carried out (Table 3).

Table 3
The limits of the values of the growth of introduced forest species
Limits
Diameter, cm Height, cm

Species X ° X X X ° X X

cl|l 2l gl 2l x|2lc| |2 2] x| 2

= = o = © = = = o = ] =

E|l 5| 8| §|E|§|E| § o g E g

> < > > > © > >

] g g g ] ]

Open root seedlings
Pinus sylvestris 0.7 | 48.6 | 3.0 | 509 | 6.0 | 0.6 | 90 | 46.9 | 215 | 52.6 | 450 | 0.6
Abies sibirica 051|528 |19 |463 |36 |09 | 20 | 58.3 | 82 | 40.7 | 235 0.9
Picea obovata 041|472 |18 | 525 |51|03]| 70 | 56.3 | 155 | 43.4 | 275 0.3
Larix sibirica 04 | 535 |23 |450 |51 | 15| 67 | 48.0 | 240 | 51.5 | 430 0.5
Quercus robur 0.3 |603 |27 (394 |70|03]| 60 | 552|280 5.1 580 | 39.7
Closed root seedlings

Picea nigra 0.6 399 |20 |595|36|07| 30| 44.1 | 140 | 553 | 240 | 0.7
Picea engelmannii 07| 265 |20 | 731 |40| 04| 25 | 50.4 | 120 | 48.7 | 230 0.9
Picea pungens 0.3 |51.8|20|480 |46 |02|95| 484 |115| 51.4 | 225 0.2
Picea obovata 04| 377109604 | 25|19 | 52 | 51.7 | 140 | 47.4 | 240 0.9

In coniferous open root seedlings, the minimum and average height were found
most often, plants with a maximum height — from 0.3 to 0.9%. Only in Common oak
trees with a maximum height (up to 580 cm) were found in 39.7% of the total number
of measured trees.

In all coniferous introducers with closed root system, height of plants refers

to the minimum and average indicators, number of plants with maximum height
15 0.2...0.9%.
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Fig. 2. Dynamics of height (cm) of introduced species
(closed root seedlings)

Introducers are observed from their planting. Figures 1 and 2 clearly show the
growth dynamics in height of all the studied tree species. Starting from the second year
of life, open root seedlings of Common oak exceeded all other seedlings in height. Native
Ordinary pine ranked the second place in growth. Siberian larch, significantly lagging
in growth from Ordinary pine, has so far caught up with it in height, which has increased
by 35%. The same sharp jump was observed in the period 2014—2015, then height
of Siberian larch increased by 43.2% and by 56% in Common oak. The height of Siberian
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spruce varied according to the research years within 21.5...26.7%, in 2019 its height
increased by 33.5%. This is primarily due to the weather conditions in 2019, when
there were many rainy days with high air temperatures. In addition, the plants success-
fully survived post-planting stress and local acclimatization.

Two Spruce species — black spruce and Siberian spruce — grew almost identically,
Engelman and Spiny spruce slightly lagged behind the above species in height. More-
over, Engelman spruce up to this year lagged behind other species, and now it is equal
in height to them.

Conclusion

According to the results of observations of survival, taxation indicators and state
of artificial plantations, it was revealed that for the soil and climatic conditions of the
research region — green zone of Nur-Sultan city, the most introduced species were
the Black and Siberian spruce species. Common oak was also characterized by good
growth and vitality, although in the first years after planting it underwent significant
damage by late spring frosts and rodents. Siberian and Balsam firs were characterized
by weak growth, low survival rate and vitality. Siberian larch, despite the fact that most
plants died in the first years after planting, has now adapted to soil and climatic condi-
tions and grows well enough in satisfactory condition. The survival of Siberian spruce,
planted with one-year-old seedlings with closed root and three-year-old seedlings with
open root, at 8 years of age was 62.6 and 64.9%, respectively. Although the growth and
survival of spruce trees planted with different types of planting material varied minimally,
it is better to plant crops with older seedlings (3—+4 years old), since the cultivation
of annual closed root seedlings requires prolonged manual care with large financial and
labor investments. Therefore, Siberian spruce, black spruce (3—4-year-old seedlings)
and Common oak (1—2-year-old seedlings) can be recommended to create artificial
plantations in green zone of Nur-Sultan. When cultivating them, it is necessary to carry
out thorough agro-technical cares and protection from rodents.

BBepeHune

[IpuroponHele jieca B BUJE 3€JE€HBIX 30H BOKPYT TOPOJOB U JIPYTMX HACEIEHHBIX
IIYHKTOB HECYT HEOCIIOPHMYIO I10JIb3y — CHIDKAIOT BIIMSHHE HEONAromnpusTHBIX MOr0/I-
HBIX U SKOJIOTHYECKHUX (DAKTOPOB, YIYUIIAIOT SCTETHYECKYIO OOCTaHOBKY, UCTIONIB3YIOTCS
B KaueCTBE PEKpealy Ul OT/(bIXa HACEJIECHHS U BBIIOIHAIOT MHOXECTBO IPYrUX (PyHK-
mid [1—3]. TTosToMy moBceMecTHO yzensiercsi O0JbIIoe BHUMAHUE CO3JaHUI0, COXpa-
HEHUIO U PEKOHCTPYKLUU MPUTOPOJIHBIX JIecoB [4—6]. IIpupoaHo-KiuMaTHiecKue
ycnosus ropoga Hyp-Cyntan (KazaxcraH) sBistoTCS HeOIaronpuUATHBIME JUI IPOM3-
pacTaHus APEBECHBIX U KyCTAPHUKOBBIX MOPOJ U3-3a HU3KOH IUIOLOPOAHOCTH I10YBBI,
PE3KO-KOHTUHEHTAJIBHOTO KIMMaTta U Apyrux ¢gaxktopos [7, 8]. [Io sTum npuunHam
TpeOytoTcs 60blINe TPYAOBbIE U (PUHAHCOBBIE 3aTPAThI IO CO3/IaHUIO0, COACPIKAHUIO
Y COXPAHEHMIO HCKYCCTBEHHBIX HACAXJICHUN MPUTOPOIHOM 30HBI, a U3-3a 3aCOJIEHHOCTH
MOYB HEOOXOIMMO BKJIFOUEHHE B ACCOPTUMEHT COJICyCTOWYMBBIX pacTenuit [9]. Kazax-
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CKHMI HAy4YHO-HCCIICJOBATEIbCKUI MHCTUTYT JIECHOTO XO3SIMCTBA U arposiecoMeIMopalin
coBMecTHO ¢ TOO «AcTtaHa OpMaHbD» y4acTBYET B 3aKJIA[KE U MOHUTOPUHIE HAY4YHO-
MIPOM3BOJICTBEHHBIX OMBITOB B ICKYCCTBEHHBIX HACAKACHUAX 3eseHoro mosica [10, 11].

enp uccnenoBanuii — ompeIecHne HanOoee MPUCIIOCOOJICHHBIX K HeOJaro-
MIPUATHBIM TTOYBEHHO-KITMMATUYIECKUM YCITIOBUSIM B 3€JIEHOM Tiosice cTonuilpl Kazaxcrana
JPEBECHBIX MHTPOYIIUPOBAHHBIX 1MOPOJI. C MOMOIIEI0 MOHUTOPHUHTA POCTA ¥ COCTOSTHUS
HMCKYCCTBCHHBIX HACaXJICHHWH pellaiy 3aJady BbIOOpa aCCOPTUMEHTA YCTOWYMBBIX
XBOWHBIX HHTPOYIICHTOB.

MaTtepuansl u meTOAbI

OOBbeKTaMH UCCIIeI0BAaHUHN SBIISUINCH JIECHBIE KYJIbTYPbl XBOMHBIX MHTPOIYLIEHTOB
2011 r. mocagku. XBOHHBIE HHTPOLYLIEHTHI ObUIN MOJTY4YEHbI U3 TUTOMHUKOB Poccun
B BHJIE OJJHO- U TpexyieTHUX cestHueB ¢ oTKpbIToil (OKC) u 3akpeitoii (3KC) xopHeBoit
cucteMoi. CieryeT OTMETUTD, YTO ellb cuOupckas Obuta nocaxkena ¢ 3KC B oxHomer-
HeM Bo3pacTe, a cesHibl ¢ OKC nmenu Bo3zpact 3—4 roga. KpomMe MHTPOIyLIEHTOB,
ObuTH BeIcakeHb! cestHIbl OKC abopurenHoi mist ycnosuit r. Hyp-Cynrana nopoast —
COCHBI OOBIKHOBEHHOM.

MOHMTOPHUHT TPOBOMIICS HA MOCTOSHHBIX MPOOHBIX MJIOMAJAX, 3aT0KEHHBIX
B HamOoJiee penpe3eHTaTUBHBIX MECTaX JIECHBIX KyJIbTyp. Ha kaxmoit npobde Ob110
He meHee 200 nepeBbeB, 32 KOTOPHIMU BEJIH CIUIONIHBIE HaOmoaeHus. M3mepsnuce
KOJIMYECTBEHHBIE NIPU3HAKU: BBICOTA JIEPEBbEB ONPECIIAIACh MEPHON PEHKOM C TOY-
HOCTBIO J10 | CM, InaMeTp CTBOJIAa — IUTAHT€HIMPKYJIEM C TOYHOCTHIO 110 0,1 cMm. Y uHT-
POAYLIMPOBAHHBIX KYJIBTYp, HE JTIOCTUTTLHUX BBICOTHI 10 2 M BKJIIOUUTEIBHO, JHAMETP
CTBOJIMKA M3MEPSJICS Y OCHOBAaHMSI KOPHEBOM IIEHKH, a Y JE€PEBbEB BbIIIE 2 M —
Ha BeIcOTe 1,3 M [12, 13].

BusyanbHo onpenensiock II0I0HOIEHNE U COCTOSIHUE JIEPEBBEB M0 S-0alIbHON
CUCTEeME, BBICIINI a1 MpUCBauBaJCs AEPEBbSIM C HAUOOJIBIINM IUIOAOHOILIEHUEM
U Jy4muM cocrosHueM. COXpaHHOCTh KYJIBTYP BBIUUCISUIACH KaK OTHOLLIEHHE YHUCIIa
KMBBIX K YUCITy NMOrHOIINX JiepeBbeB, mpuueM 50% COMHHUTENIBHBIX JIEPEeBbEB OTHOCH-
JIOCh K oru6mmuM, 50% — K JKUBBIM.

Pe3ynbTaTbl UCCNEeAOBaHUA U o6cy)Kp,eHm1

B 2019 r. cpenssisi COXpaHHOCTb XBOMHBIX MHTPOAYLICHTOB, IOCA)KEHHBIX OJHO-
neraumu cessHamu ¢ 3KC, usmensiack ot 19,6 no 62,6%. Y e DHreisMaHa HMEIOCh
OOJIBIIIOE YMCIIO COMHHUTENBHBIX JIEPEBBHEB, YTO TOBOPUT O HECTAOMIBHOCTH COCTOSIHUS
pactenuii. HanGombieit coxpaHHOCTBIO OTIIMYAIach elb cuoupckas (62,6%), mpuuem
COMHHUTENBHBIX JepeBbeB Habmoaanochk Toiabko 0,3%, ocTanbHble PACTEHHUS UMEIH
xopoiiee coctosiHue (4,2 6amna). [Tuxrta Ganp3amuyeckas B TEKyLIeM IOy BbINaja
MOJIHOCTRIO, B 2018 1. ee coxpaHHOCTh cocTaBisiia 8,8%. CrnexyeT OTMETUTh ClIa0bIid
pocT 1 60IBIION OTHAX NUXTHI OaTb3aMUYECKOH cpa3y MOciIe MOCaIKH.

Cpenu xBoitHbIX HHTpOXyIIeHTOB ¢ OKC mocanaku auaupyer einb cuoupcekas, co-
XPaHHOCTh KOTOPOH B TEKYIEM IOy MPOJ0JIKAET OCTaBAaThCSl Ha BBICOKOM YpPOBHE
(64,9%). Haumenbmii okaszaresnb 1o coxpaHHocTu (16,5%) BbIsBIIEH y MUXTHI cuOup-
ckoit. IIpn oOcnenoBaHNM OTMEUEHO, YTO OHA CHIIBHO MOJIBEPKEHA BO3JCHCTBHIO COJI-
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HEYHOU paguaIy (0Ker XBOH), B OTACBHBIX CIy4asiX JOBOJIIEH 10 THOeNn pacTeHHs.
WHTpOayleHT 1S 3e7IEHOT0 Tosica JINCTBEHHMIIA CHOMPCKast 1 abopUreHHas mopojaa
cocHa o6bikHOBeHHast (OKC) nmenu HeBbICOKYIO coxpaHHOCTh — 28,1 u 23,4% coort-
BETCTBEHHO.

Coxpannocts ay6a ueperrgatoro (OKC) nHa 1% npessicuna coxpanHocTs 2018 T.
u cocraBisuia 88,4% B 2019 ., 94TO CBSI3aHO C TTOPOCIIEBHIM BO30OHOBJICHUEM Ca)KEHIICB.
Bonbiioe 4ncino COMHUTENBHBIX IEPEBbEB Ay0a YEpPeIryaToro CBA3aHO C MOBPEKIC-
HUSIMH CTBOJIOB TPBI3YHAMH U BJIMSIHUEM Ha COCTOSIHUE JIEPEBBHEB MMO3HE-BECEHHUX
3aMOPO3KOB.

ITpu cpaBuenun cpenneit coxpanHoctu caxkeHues 3KC n OKC Buano, 4TO H3y-
yaeMblil mokazaTtenb 0bu1 Ooubiie y caxkenueB OKC (44,3%), uem y caxeninen 3KC
(35,8%) (Tabm. 1).

Tabanua 1
CpepHss COXPaHHOCTL JIECHbIX KYJIbTYpP B 3esieHoM nosice r. Hyp-CynraHa
Yucno pacteHui, wr. CoxpaH-
HOCTb, %
Mopopa Bcero XuBble MorubLme COMHU- ’
TeNbHbIe
CesiHupl 3KC
MnxTa 6anb3ammnyeckas 224 0 0 0 0
Enb OHrenbmaHa 2126 1126 961 39 53,8
Enb kontoyas 5 367 2294 3045 28 43,0
Enb yepHas 1784 350 1434 0 19,6
Enb cnbupckas 989 618 369 2 62,6
CpenHee 35,8
CesiHubl OKC
Enb cnbupckas 8713 5647 2788 11 64,9
CocHa 06blkHOBEHHas 5657 1302 4312 43 23,4
[y6 yepeluyaTbiin 4451 3915 375 43 88,4
MuxTa cubunpckas 2195 279 1916 0 16,5
JlncteBeHHMUa cubunpckas 2741 769 1967 5 28,1
Cpeatee 44,3
Tabnvua 2
PocT necHbix KynbTyp B 3esieHom nosice r. Hyp-CyntaH
HnameTp, cm BbicoTa, cm MpwupocT, cm
Mopoaa
Xtm V, % Xtm V, % Xtm V, %
CesiHubl OKC
CocHa 06blkHOBEHHas ™ 3,2+0,1 41,3 246,8+7,0 34,6 39,1+1,1 35,5
MuxTa cubupckas 1,9+0,08 43,0 82,4+3,8 47,4 15,4+ 1,1 73,0
Enb cnbupckas 1,8+0,04 40,5 154,8+2,0 24,6 31,2+0,7 40,6
JlnctBeHHUUa cnbunpckas™ 2,3+0,07 42,6 243,8+4,7 27,3 47,7+1,0 29,9
[y6 yepeluyatbliin* 2,6 +0,06 44 1 278,6+6,2 38,4 46,7+1,3 38,0
CesiHupl 3KC
Enb yepHas 2,0£0,05 34,2 138,3+3,5 31,6 28,8+ 1,3 53,9
Enb QHrensmana 2,3+0,04 29,4 121,5+2,6 32,9 26,0+0,6 37,3
Enb kontoyas 1,9+0,04 39,9 1156+1,9 36,0 24,3+0,6 55,2
Enb cnbupckas 1,0+ 0,06 43,4 138,7+4,8 35,0 33,0+1,2 37,5

lMpumeyvaryve: * OuameTp n3mepsncs Ha soicote 1,3 M.
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XOTsl COXpaHHOCTh €T YePHOU Obljla HEBBICOKOH, €€ COCTOSIHHE ObLIO B LIEIOM
ynosnerBoputenbHbM (3,9 6amna). Kpome Toro, y 1aHHOM TOPOABI UMENIOCH IIOI0HO-
mreHue. Yucno mmmniex Ha 1 pacteHun konebanock ot 3 1o 45 mrt. Pasmeps! mumek
coctaBunu B cpeadem 2,0...2,5 cm no aiuue u 1,3...1,5 cM o quamerpy. [lepeBbs
C UMEIOIIMMCSI TUIOIOHOIIICHUEM MUMEIT OY€Hb JIEKOPATUBHBIN BU M3-3a KpacHO-(hrose-
TOBOTO OKpaca M KpacuBoil (opMsI muiek. BriepBbie miogoHomeHne ObII0 0TMEUEHO
B 2018 ., Ha 7 TOy KU3HHU.

PaccMoTpuM aHHBIE 110 BBICOTE, IPUPOCTY M TUAMETPY KYJIbTYP UHTPOIYIIEHTOB,
BeIcaxkeHHBIX ¢ OKC (Tab:1. 2).

Cpemu xBoiHbIX uHTpoAyLeHTOB OKC B 2019 r. HanbompIIuM 1MaMETPOM U BbI-
coToii obnaana TUCTBeHHMIA cnoupckas — 2,3 u 243,8 cM COOTBETCTBEHHO, JEPEBbs
MMEJH XOpolliee COCTOsTHUE. POCT BCeX XBOMHBIX MHTPOMYIIEHTOB U COCHBI OOBIKHOBEH-
HOI M3MEHSJICS Ha OUY€Hb BBHICOKOM YPOBHE IO JTUaMeTpy (KodpuiueHT Bapuanuu V-
coctaBui 40,5...43,0%) ¥ Ha MOBBIIICHHOM M OYE€Hb BBICOKOM — I10 BbIcOTE (V =
=24,6...47,4). bonbiie Bcero pa3Myaiuch JEPeBbsl IO BHICOTE B KYJIbTYpaxX MUXTHI
cubupckoi. Bricota gyba yepenruaToro, kak 06osee ObICTpOpacTyIel MOpPoObl, COCTa-
BUJa B cpeniHeM 278,6 cM, a cpelHuil [uaMeTp — 2,6 CM, HO B IJaHHBIX KYJIbTypax
TaKke Habmoaanacy cuibHas quddepenimans aepeBbeB o pocty. CocHa OOBIKHOBEH-
Has, Kak 0oJiee aaanTUPOBaHHAS K MECTHBIM YCJIOBHUSIM IIPOM3PACTaHuUs IOPOJIa, UMena
XOPOIIKE TTOKa3aTeNIM POCTa KaK 110 BBICOTE, TaK M IO JHAMETDY.

Cpenu xkynsTyp ¢ nocaakoit 3KC mo BbicoTe mpeoliagan eb YepHas U eJb
crOupcKasi, BEICOTa KOTOPBIX MPAKTUYECKU HE pa3nuyanach. Enp DHrenbMana npu He-
oonpmon Beicote (121,5 cm) mmena HauOosbmuid quameTp (2,3 cM), 4TO CBSI3aHO
¢ OMOJIOTMYECKMMHU OCOOCHHOCTSIMH BUIa. Enb Kostouyasi OTCTaBaja mo BeICOTE OT JPY-
MX BUJOB €J1d, HO MO JUaMETPy HE3HAUYUTEIbHO YCTylaja eIy YepHOU U elau DH-
reJIbMaHa.

MO>KHO CpaBHHUTH €1b CUOUPCKYIO, MTOCAKEHHYIO C 3aKPBITOH U OTKPBITOH KOp-
HeBoil cuctemoit. Enb cubupckas, nmocaxkennas ¢ 3KC, orcraer Ha 10,4% mo BeicoTe
u Ha 44,4% no nuametpy ot enu cubupckoir OKC. Ho Ha 0CHOBaHUM MOTyYEeHHBIX
TAHHBIX HENb3sI CJeNaTh BHIBOJ O MPUOPUTETHOCTH mocanku cestHieB ¢ OKC, Tak kak
OHMOJIOrMYeCKU BO3PACT CaXKEHIIEB B KYJIbTYpax pa3IuvaeTcs Ha 2 Toja.

[TockonbKy MoOKa3aTeau pocTa 3HAYUTENIBHO PAa3IMYalOTCs, MPOBEACH aHATIU3
MUHUMAaJIbHBIX, MAKCUMAJIBHBIX M CPEIHHUX 3HaYeHUH (Tadm. 3).

V xBoitnbIx cakeHieB OKC MUHMMaIbHAS U CpeIHsI BBICOTA BCTPEYAOTCs] HAanbo-
Jiee 4acTo, pacCTeHUM ¢ MakCUMalIbHOUM BbIicOTOM HEMHOTO— OT 0,3 10 0,9%. Tonbko
y ny0a depenrdaToro AepeBbs C MAKCUMaIbHOUW BBICOTOH (710 580 cM) BcTpedaroTcs
B 39,7% ciydasix oT o0IIero unciia H3MEpeHHbIX AEPEBbEB.

VY Bcex xBoMHBIX UHTpoAyLEeHTOB 3KC BbicOTa OCHOBHOM Macchl pacTeHH OTHO-
CHUTCSI K MUHUMAJIBHBIM U CPETHUM IOKa3aTelsIM, PACTEHUH ¢ MaKCUMAJIbHOM BBICOTOM
nmeercs 0,2...0,9%.

3a MHTPOAYLIEHTAaMH BeIyTCs HAOIOJICHUSI C MOMEHTA UX MOCaJKu, Ha puc. 1 u 2
HATJISIJHO BUAHA JUHAMHKA POCTA B BBICOTY BCEX HM3YYaeMBIX JIPEBECHBIX MOPO/I.
Caxennpl OKC my6a uepenrdatoro, HaYMHasE CO BTOPOTO TO/1A KU3HH, TIPEBHIIIAIN BCE
OCTaJIbHBIE CaXKEHIIbI 110 BHICOTE.

PROTECTIVE AFFORESTATION 447



Kabanoea C.A. u op. Bectauk PYJTH. Cepusi: Arpornomust u xkuBoTHOBOACTBO. 2019. T. 14. Ne 4. C. 437—452

Tabnmuya 3
Mpeaenbl 3Ha4YeHUii pocTa MHTPOAYLMPOBAHHbIX JIECHbIX KY/IbTYP
Mpenensl 3HaYeHNn
HnameTp, cm BbicoTa, cm

X X X X X X

Mopopa o) ® o o) o ® o =)

c | B2 E | x| Bl c| Bl E|E]| x|E

E|S| 5|8 |E|8|E|8| 88| &S

S = S S S = S S

= ®] IS S = ) = =

o o o o o o

v v v v v v

CesaHupbl OKC
CocHa 06bIKHOBEHHAs 0,7 | 48,6 ,0 1509|160 | 0,6 90 46,9215 [52,6 | 450 | 0,6
MuxTta cnbupckas 0,5 [52,8| 1,9 |146,3| 3,6 | 0,9 20 [ 58,3| 82 |40,7]| 235 | 0,9
Enb cnbupckas 0,4 |[472| 1,8 |525]| 51 | 03| 70 |56,3]|155 |43,4| 275 | 0,3
JIncTBeHHMLA cubupckas 0,4 [53,5]| 2,3 |45,0| 5,1 1,5 | 67 [48,0]240 |51,5]|430 | 0,5
[y6 yepeluyaTbiin 0,3 [60,3| 2,7 |394| 7,0 | 0,3 60 |55,2|280 | 5,1 | 580 | 39,7
CesiHupbl 3KC

Enb YyepHas 0,6 399 (2,0 |59,5 (36 |0,7 |30 44,1 | 140 | 55,3 | 240 | 0,7
Enb SHrenbsmaHa 0,7 [26,5(20 |[73,1 40 |04 |25 50,4 | 120 | 48,7 | 230 | 0,9
Enb kontoyas 0,3 |51,8 2,0 |48,0 |46 |0,2 |95 |48,4 | 115 [51,4| 225 | 0,2
Enb cnbupckas 0,4 |37,7 10,9 |604 [25 |19 |52 51,7 | 140 | 47,4| 240 | 0,9

Ha Bropom Mecte 1o Temnam pocrta Obli1a abopUreHHast HopoJa — COCHA OOBIKHO-
BeHHas. JIuCTBeHHMIIA CHOMPCKasi, 3HAUUTEIBHO OTCTaBasi B POCTE OT COCHBI OOBIKHO-
BEHHOM, K HaCTOSILEMY BPEMEHH JOTHAJIA €€ 110 BbICOTE, KOTOpasi MOBbICKIACH Ha 35%.
Takoil sxe pe3kuit ckauok Habmoaancs B nepuoxa 2014—2015 rr., Toraa BeicoTa JIUCT-
BEHHHIIBI CHOMPCKOH yBennumiach Ha 43,2% u Ha 56% — y ay0a depenrdatoro. Beicota
eJM cuOMpCKOi BapbHpOBaIa 1o rojaM HabroaeHni B peaenax 21,5...26,7%, 8 2019 1.
ee BbIcoTa yBenuuymiack Ha 33,5%. OTo CBsA3aHO, B IEPBYIO OYEPEb, C TOTOJAHBIMU
ycnoBuaMu 2019 r., korza 6b110 MHOTO JIOKIAJIUBBIX JHEH € BBICOKOM TeMiepaTypoit
Bo31yxa. Kpome Toro, pacteHus 01aromnoayqHo HEPEeXUIN MOCIENOCaT0uHbII cTpece
Y MECTHYIO aKKJIMMAaTH3aIHIO.
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Puc. 1. JuHamuka BbICOTbl, CM, MHTPOAYLIMPOBaHHbIX KynbTyp (OKC)

448 3AIIUTHOE JIECOPA3BEJIEHUNE



Kabanova S.A. et al. RUDN Journal of Agronomy and Animal Industries, 2019; 14(4):437—452

160
140 ;
/%
&
!X
120 ,’,’, -
e
100 e /
I K .// ------ Picea nigra
80 ,’: --=7 —— Picea engelmannii

I"’ |
e \/l(//{ —u— Picea pungens
/2
60 2 :// - - - - Picea obovata
v
40 _

20 | g2se
e~

2012 2013 2014 2015 2016 2017 2018 2019

Puc. 2. JuHamuka BbICOTbl, CM, MHTPOLAYLIMPOBAHHLIX KynbTyp (3KC)

Cpenu caxenues 3KC pona Enb 1Ba Buga — depHast 1 cMOUpCKasi — pOCIH Mpak-
THYECKH OINHAKOBO, €711 DHIreJIbMaHa U KOJII04asi HE3HAUUTEIbHO OTCTAaBaIH OT BbIIIIE-
yKa3aHHBIX 1OpoJ1 110 BbicoTe. [Tpuuem enb DHrenbMaHa 10 HBIHEIIHETO rojja OTCTaBasia
OT JIpyTUX BHJIOB, a CE€dac CpaBHAIACH C HUMH IO BBICOTE.

3akoyeHume

[To pe3ynbTatam HaOIIOAEHUH 332 COXPAHHOCTHIO, TAKCAIMOHHBIMH TOKa3aTENISIMU
U COCTOSIHUEM HCKYCCTBEHHBIX HACKICHUH BBISBICHO, YTO JJIsI TIOYBEHHO-KIMMATH-
YEeCKUX YCJIOBUI peruoHa uccieoBanuii — 3eneHoro nosca r. Hyp-Cynrana nanbonee
MPHUCTIOCOOICHHBIMH OKa3aJMCh WHTPOAYLEHTHI pona Enp — uepHas u cuOupckasi.
Taxoke XOpOIIMM pPOCTOM U JKU3HEHHBIM COCTOSIHUEM XapaKTepHu3oBaics 1y0 yepel-
YaThlid, XOTS B TIEPBBIC TOJIBI ITOCTIE MTOCAAKH OH TOIBEPTraJiCsi 3HAYUTEILHBIM TTOBPEXK-
JICHUSIM T103/THE-BECEHHUMU 3aMOpO3KaMu 1 00beJaHuIo rpbi3yHaMu. CiiaObIM pOCTOM,
HU3KOU MPIKUBAEMOCTBIO U COXPAHHOCTHIO OTIMYAINCH MUXTHl CUOUpPCKast U Oalb-
3amuueckasi. JIucTBeHHUIa cHOUPCKasi, HECMOTPS Ha TO, YTO OOJBIIMHCTBO PACTCHUIN
NOru6JI0 B MEPBbIE IOABI MOCIE MOCAKH, B HACTOSIIIEEe BpeMs IPUCTIOCOOMIach K 1oy-
BEHHO-KIIMMATUYECKUM YCIOBHUSM M JOCTATOYHO XOPOIIO PACTET U UMEET yIOBIETBO-
purenbHoe cocTostHue. COXpaHHOCTh €U CMOMPCKOM, IOCaKEHHOM OHOJIETHUMU
CesiHIIaMU C 3aKpbIToil U TpexyietHumu cestHuamu ¢ OKC, B 8-meTHem Bo3pacte cocra-
BUJIa COOTBETCTBEHHO 62,6 1 64,9%. XOTs pOCT U COXPAHHOCTH €J1€H, BBICAXKEHHBIX
Pa3IUYHBIM IO BUAY MOCAIOYHBIM MaTepHaIOM, BAPbUPOBAIICH MUHIUMAIILHO, BCE JKE
Jy4Ile BBICAKMBATh KYJIBTYphI CesHIIaMu OoJiee crapiiero Bo3pacta (3—4-1eTHuMm),
TaK Kak BbIpamyBaHue ogHoNIeTHUX caxeHeB 3KC compoBoxIaeTcs: mpoIomKUTeb-
HBIM PYYHBIM YXOJOM, TPEOYIOIINUM OOJIbIINX (PMHAHCOBBIX U TPYAOBBIX BIOKECHUH.
CnenoBatenbHO, A7 CO3/1aHUsI UCKYCCTBEHHBIX HAaCAXICHUH B 3esieHOM nosice T. Hyp-
CynTana MOKHO PEKOMEHJIOBAaTh €1b CHOMPCKYIO, ellb YepHYIO (3—4-TeTHUMHU CesH-
namu) u 1y0 yepenrdarsiii (1—2-netHumu cessuiiamu). [Ipu ux BeIpanBaHUM HEOOXO-
JIMMO TIPOBOJUTH TIIATEIBFHBIE arPOTEXHUYECKHIE YXObI M 3aLIUTY OT TPHI3YHOB.
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