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The selection of Scots pine seedlings’ growth stimulants
in extreme conditions of the Northern Kazakhstan steppe zone

'Kabanova S.A, ‘Musoni W., ’Zenkova Z.N., ‘Danchenko M.A.

'Kazakh Forestry Research Institute, Shchuchinsk, the Republic of Kazakhstan
Tomsk State University, Tomsk, Russia
E-mail: kabanova.05@mail.ru, t-ekos@mail.ru

extreme climate and soil conditions of Northern Kazakhstan using various growth stimulants for pre-
sowing of Scots pine seeds treatment and the introduction of growth substances into the soil to increase
seed germination and accelerate seedling growth [1].

This research was conducted in the forest nursery of the State Forest Natural Park “Ertis Ormany” in Pav-
lodar region and the Arykbalyk branch of the State National Natural Park “Kokshetau” in Akmola region. The
climate in the regions of interest is sharp continental. The unfavorable climate conditions of the nursery area
represented as late spring and early autumn frosts, droughts, strong winds that often turn into dust storms. All
these factors create extreme conditions for the growth of woody vegetation.

The main focus of this research were two-year-old Scots pine seedlings. Pre-sowing seed treatment was
carried out by various stimulants: GNB, “Humate + 7 trace elements” and “Extrasol”. In addition to pre-sowing
seed treatment with stimulants, the soil was irrigated with “Extrasol” stimulator and the “AridGrow” soil acti-
vator along with the drip irrigation of sowing seeds.

The authors carefully examined the effects of various types of stimulants on the growth of Scots pine
seedlings (height in cm) from two different nurseries. The measurements were taken at the end of the first and
the second years of the trees' life. The bootstrap resampling method was used to study the significant differ-
ences in average plants height (number of repeats M = 50 000) [2]. As a result, it was found that the average
height of the pines is normally distributed regardless of the year when the measurements were taken and the
stimulants treatment, however, the parameters of normal distributions that depend on nurseries and stimulants
were very different. For trees in the forest nursery of “Ertis Ormany”, all stimulants helped to increase the trees’
height compared to the control group of seeds. The most significant influence of the stimulants was observed
after the second year of trees’ life. For trees in the forest nursery of “Kokshetau”, the stimulants' influence was
not so obvious. A stable but not very significant influence was observed for the duration of two years by means
of irrigation with soil activators “AridGrow” leading to increase by 7% for the first year and 24.7% for the
second year.

The research proved that even in extreme climate and soil conditions of Northern Kazakhstan, pre-sowing
treatment with stimulants positively affected the germination of seeds and the growth of one- and two-year-old
seedlings. All the considered options of stimulants used in the nursery of “Ertis Ormany” demonstrated im-
proved growth than that of the control sample of trees. In the climate and soil conditions of the Pavlodar region,
authors recommend pre-sowing seed treatment with the “Humat + 7 trace elements” stimulatants and irrigation
of soil with the “AridGrow” stimulator, which most effectively affected the growth of seedlings. For the condi-
tions of the Akmola region, we proposed to carry out pre-sowing treatment of pine seeds with “Extrasol” stimu-
lator, spraying with GNB and irrigating the soil with an “AridGrow” stimulator. Thus, the authors established a
set of substances for better stimulation of the Scots pine seedlings’ growth in the extreme climate conditions of
forest nurseries of Northern Kazakhstan.

The main purpose of this research is to determine the optimal technology for the growth of plant seeds in
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BeleHne. JlecHoe X03sHCTBO SIBISICTCS OJJHOM U3 (hOpM MPUPOIOIIOIH30BAHMUS, KOTOPAsi UMEET UCKITFO-

YHUTENILHOE 3HAYCHHE B COXPAHEHUH M YIyYLICHHH OMOJIOrMYEeCcKOro U JanamadTHOro pasHoodpasusi.

Kak u3BecTHO, 1eca UrparoT BaKHEHIITYIO poJib B INI00AIBHOM YITIEPOIHOM LIUKJIIE, HAKOTUICHUH peCyp-
COB ITPECHOH BOJIBI, 3aIIMTE TOYBBI OT BETPOBOW U BOAHOW 3p0o3uu. [IpobiaeMsl JIecomonb30BaHHts U JIeCOYITpaB-
JICHUSI CTAHOBSITCSI BCE 00JIee MHOTOOOPa3HbIMHU U CIIOKHBIMHU. 32 IOCJIETHUE TOJIbl OUSHb CUIIBHO M3MEHUIINCH
CTaHJApThl YIPABJICHUS JieCaMM, KOTOpBIE JOJDKHBI OTBEYaTh BO3POCHIMM MEXKAYHAPOIHBIM, COIHAIBHBIM,
SKOJIOTMYECKUM U SKOHOMHUYECKUM TpeboBaHusM [ 1].

WureHcudukaiys JIECHOr0 X03sHCTBa PE3KO YCHITHIIA TIOTPEOHOCTH OTPACIIN B KAY€CTBEHHOM MOCA/I0YHOM
marepualie Juisi JiecoBo3oOHoBeHus B Kazaxcrane. Bee BblleckazaHHOE 00yCIIOBIMBACT [IEPEBO/I BHIPAIIMBAHUS
MOCaJ0YHOTO MaTeprasa Ha IPOMBIIIJICHHYIO OCHOBY, ITyT€M CO3/1aHHs MOCTOSHHBIX JICCHBIX TUTOMHUKOB. [Te-
PECMOTP CYIIECTBYIOIIMX TEXHOJIOT Ui BEIPAIIIMBAHUS [T0CAI0YHOTO MaTepHaa U MHTEHCU(HUKAIMS UCTIOIB30Ba-
HUSI IMEIOIINXCSI IPON3BOACTBEHHBIX PECYPCOB SABIISETCS aKTyalIbHOM 3aa4ueit ;i PecyOnuku Kazaxcran [2].

Ienp uccnenoBanuii — onpeneneHne ONTUMANbHBIX TEXHOJIOTHH BhIpallUBaHUS IOCA0YHOTO MaTepuana
B 3KCTPEMANbHBIX NMOYCHHO-KINMaTH4YeCcKuX yciaoBusax CesepHoro KazaxcTaHa, ¢ MpUMEHEHHEM Pa3IHYHBIX
CTUMYIISITOPOB JIJIs TPEANIOCEBHON 00pabOTKH CEMSIH COCHBI OOBIKHOBEHHON M BHECEHUEM B ITOYBY POCTOBBIX
BEIIIECTB JUIsI HOBBIICHHS BCXOKECTH CEMSH U YCKOPEHHSI POCTa CESHIIEB.

O0BeKTHI 1 MeTOAbI HCCIeI0BaHMIA. [laHHOE Hccie0BaHie TPOBOAWIINCH B JIECHOM NMUTOMHMKE [ocy-
JapcTBeHHOTO JiecHoro npupoauoro napka (IJIT1P) «Epric opmanbi» [TaBnopapckoit oonactu. Ha repputopun
[JITIP nec siBisieTcs: KOMIUIEKCOM DKOJIOTMYECKHX CHUCTEM, OOBEIUHSIONIMM B OJJHO LIEJIO€ PACTHTENBHBIH U
JKUBOTHBIN MUp, 3eMEbHbIC 1 BOJHbIC PECYpPChl. YHUKAIbHBIC JEHTOYHbIE O0pPbI [ [pUUPTHIIIbS SBIAIOTCS YHH-
KaJIbHBIM MTPUPOIHBIM OOraTcTBOM M TpeOyIoT K cede OepesxHoro otHoureHus. OCHOBHOM 3a/1adeid JIECHOTO
XO3SICTBA MPH MPOBEICHUH PA3IMYHBIX pa0OT B 00pax SBISIETCS UX COXPAHEHHE U MOBBIIICHNE POAYKTHBHO-
cTH. Pe3epBar pacnonoxeH B OA30HE CyXOH CTEIH, XapaKTepU3yoLeiics pe3ko KOHTHHEHTAIbHBIM KITMMaTOM
C JKapKUM CyXHUM JIETOM, CypOBOIl MaJIOCHEKHOM 31UMOi1, OOIBIIMMH aMIUTUTYIHBIMHU KOJICOAHUSAMH TeMIIepa-
Typ. [1ouBBI B JIECCHOM MHUTOMHHUKE OOpOBBIE MecyaHble. TakKe ONMBIThI OBUTH 3aJ0KEHbI B APBIKOATBIKCKOM
(unmane rocynapcTBEHHOTo HalMoHaibHOro npupoanoro napka (I'HIIIT) «Kokmeray» AKMOIHHCKOH 00a-
ctu. Kimmmar B paiione nccnenoBaHus pe3ko-KOHTHHEHTAIbHBIN, TOUYBBI — 0OBIKHOBEHHBIN uepHo3eM. K HeOa-
TOTIPHUATHBIM 0COOCHHOCTSIM KJIMMara paioHa pacroioKeHUs] TUTOMHHUKOB, CO3/IAI0IINM dKCTPEMaJbHbIE yC-
JIOBHS /ISl TPOU3PACTAHUS IPEBECHON PACTUTENBHOCTH, CIIeIyeT OTHECTH MO3AHNE BECCHHUE U PaHHHE OCEH-
HHE 3aMOPO3KH, 3aCYXH, CHIIbHBIE BETPbI, KOTOPBIE 4aCTO MIEPEXOAIT B IbUIbHBIE OypH [3].

OObeKTaMH UCCIIEI0BAHUS SIBISIINCH IBYXJIETHHE CESHIIBI COCHBI OOBIKHOBEeHHON. CeMeHa Juisl BBIpaIln-
BaHMsI T0CAJJOYHOTO MaTepHasa OblJIM MECTHOTO TIPOUCXOXK/ICHHSI M COOpaHbl B HACAXK/ICHUSIX HOPMAJIBbHOU ce-
JICKIIMOHHOI KaTeropu, 1-ro kiacca kadecrsa. [IpennoceBHas 00paboTka ceMsiH MPOBOAMIACH PA3IMYHBIMU
ctumyistopamu — HB, «I'ymatom + 7 MHKPO3JIEMEHTOB» U «DKCTPAcOIOoM». 3aMaunBaHUE CEMSH B PacTBO-
pax CTUMYJIATOPOB MPOU3BOAMUIOCH B TEUEHUE PA3HOTO BPEMEHH — OT 5 MUHYT J10 24 9acOB COITIACHO PEKOMEH-
JalysaM IPOU3BOAUTENEH POCTOBBIX BeriecTB. [lociie 3amMaunBaHus ceMeHa MPOMBIBAINCH BOJAOH U MPOCYIIIH-
BAJIUCH JI0 BO3IYIIHO-CYyXOro cocTossHUs. KOHTpoIeM CITy Ui CeMeHa, 3aMOYCHHBIEC B YMCTON BOJIE B TEUEHUE
6 9acoB, Kak MIPUHATO MPH IPOU3BOICTBEHHOM IOCEBE B YUPEIKIACHUAX JECHOTO X03siicTBa. [ToceB ceMsH BbI-
TIOJTHSUICSI COOTBETCTBEHHO IPHHSATHIM B YUPEXK/ICHUSX JIECHOTO X03s1iicTBa TpeboBaHusM. KoHTpoIb 3akiaibl-
BAJICSI B JIByKPAaTHOM ITOBTOPHOCTH B KOHIIE Ka)K/I0TO IIMKJIa BAPHAHTOB onbITa. Kpome mpearnoceBHoi 00pador-
KH CeMSH CTUMYJISATOPAMHU MPOU3BOIUIICS TOJIUB MOYBBI CTUMYIIATOPOM «IKCTPACOIOM» U aKTHBAaTOPOM IO-
yBbl «Opual poy». B muToMHMKE NPUMEHATIOCH KaleabHOE OPOLICHUE TTOCEBOB, IIJIAHTH I KOTOPOTO MPo-
KJIa/{bIBAJICh OTHOBPEMEHHO C TIOCEBOM.

3a moceBaMH IIPOBOAMINCH HAOIIOCHNS 32 TPYHTOBOM BCXOXKECThIO, KOTOpas ONpeesiach IMyTeM mepe-
YyeTa BCXOI0B Ha YYETHOM OJJHOM ITOTOHHOM METpPE BO BPeMs MacCOBBIX BCXOZOB. 3a yUETHBIH OTPE30K Bceraa
MPUHUMAJACch TPEThs CTPOUYKA Ha MOCEBHOM eHTe. OCEHBIO0 MPOU3BOIMICS MEPEUeT COXPAHUBIINXCS pacTe-
HUH U onpesensiach BEDKUBAEMOCTh CESHIIEB B IPOIIGHTHOM OTHOILICHUM OT IPYHTOBOM BCXOXKECTH M 3aMEPhI
BBICOTHI y PACTYLIUX CESHIEB JUHEHKONH ¢ TOUHOCTHIO 10 0,1 cM, OT MOBEPXHOCTHU MOYBHI A0 BEPXYUICUHOI
noduku. Bee nonyueHHbIe JaHHBIE 3aHOCHIIUCH B XKYpHaJ HAOMIOEHHUH.
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PesyabTaThl n 00cy:xaeHue. B manHoi pabote nccienoBaaoch BIUSHEE PA3IMYHBIX BUAOB CTUMYJISTO-
POB Ha POCT CESIHIIEB COCHBI OOBIKHOBEHHOH (BBICOTA B CM), KOTOPBIE BRIPALIIUBAIUCH B IBYX PAa3IHUUHBIX ITH-
TOMHUKaX, H3MEPEHUS TPOU3BOIINCH B KOHIIE IIEPBOTO 1 BTOPOTO T'OJIOB KHU3HH AEPEBhEB. Tak Kak pe3ynbra-
TBI HU3MEPEHHU ObLIM OKPYIIICHBI UIIH HEIOCTATOYHO TOUHBI (TOYHOCTH COCTABIIsLIA 5 MM), 8 00bEMbI BBIOOPKH
HE BCEr/a BENHKH, TO KJIACCHYECKHE CTATHCTHYECKHE TECThI HE MO3BOJMIN BBIIBUTH HOPMAIBHOCTH PSIOB
JaHHBIX. DTO HE MPOCTO CY3MII0, a GaKTHIECKH, TUKBUANPOBATIO BO3SMOKHOCTH MIPUMEHEHHUS TPAJHIIMOHHBIX
CTaTUCTUYECKUX MPOLELYp MPOBEPKHU TUIIOTE3 O PA3NIMUUM CpeHUX 3HaueHui. Tect MaHHa-YUTHH moKa3al
HaJIMYMe 3HAYMMBIX Pa3JIMuuil B psJie CllydaeB, KOrja ero mpuMeHeHHe ObLIO IOMYCTHMO, HO HE X XapakTep.
B utore, s 1eTanbHOTO U3YYSHHS 3HAUMMOCTH PA3IMUUi B CpeHEN BEICOTE pacTeHUN ObLT MPUMEHEH METOJ
Pa3sMHOXEHHS BEIOOPOK OyTCcTper ¢ mapameTpom moaenuposanus M = 50 000 [4,5]. B pesynbrate ObIIO BBISIB-
JIEHO, YTO CPEHSASA BBICOTA COCEH paclpeielieHa HOPMaIbHO BHE 3aBUCHMOCTH OT TOTO, B KaKOH rofi IpOm3Be-
JICHbI U3MEpeHusi, 00padaThIBAIUCh JIM CEMEHA CTUMY/SITOpPAMU WM HET, OJHAKO MapamMeTpbl HOPMaJbHBIX
pacrpeae/icHHi OKa3aIuch BeChbMa pa3inuHbl [6]. B Tabmumax 1-4 mpeacraBieHbl pe3yiibTaThl OyTCTpern-aHa-
JIM3a IPUMEHEHHS] CTUMYJISITOPOB: TIOJUB IMOYBBI CTUMYIISITOPOM «DKCTpacoi» pasHoi kormentpauu (Ex 0.05
u 0.1 shower) u akruBaropom «Opual poy» (ErGrw shower), onpeickuBanue npernaparom ' Hb (GNB spray),
npeanoceBHas oopabotka cemsiH crumynsstopamu — ['HB (GNB 5 min), «I'ymar + 7 MHKPO3JIEMEHTOBY
(Gum+7 18 h u Gum+7 24 h) u «Dxerpacom» (Ex 0.1 5 min u Ex 0.05 5 min).

3amerum, yto B nmutomuuke [JIPIT «Eptic opMaHbDy BCe CTHMY/ISITOPBI IIPUBEIHM K YBEIHUCHHIO POCTa
JICPEBBEB 110 CPABHEHUIO C KOHTPOJIBHOM I'PYyMIION CeMsH, KOTOpast He MMoBepragach HUKaKOMy BO3JEHCTBHUIO,
TP 9TOM yJIy4IlIeHHe ObLIO O0Jiee 3HAYMTEIHHBIM MTOCIe BTOPOTO TO/Ia )KU3HH pacTenuii (Tabnuma 1, 2). Hau-
JIy4IlHe Pe3yJIbTaThl B TeUSHHE 000MX JIET II0Ka3aJI0 MPUMEHEHHE CTUMYIsiTopa «I 'yMar + 7 MEKpOAJIEeMEHTOBY
u ionuB «Opual poy». Uepes rox nocie 006padoTku monus «Ipual poy» mokasai IpupocT BEICOTH Ha 14.1%,
yepes Ba — Ha 37.2%, B To BpeMs Kak cTUMYIATOp «['ymar + 7 MukpoanemenToB» — Ha 20.2% 1 30.4% .

st muromuuka B ['HITIT «KokieTay» BIHSHHE CTUMY/ISTOPOB OKA3aJI0Ch HE CTOJIb OUYEBUIHBIM (Ta0IH-
sl 3, 4). CrabuibHOE, XOTh M HE3HAYMTENBHOE MOJIOKUTEIBHOE BIUSIHUAE B TEUEHHE JIBYX JIET JIall TOJIUB CTH-
MyssitopoM «pual poy» — 7% B nepBbIii rog u 24.7% BO BTOPOIA.

Ta6nuua 1. MNapameTpbl 6yTcTpen-pacnpeeneHna BelCOTbl COCeH B ¢M AJ1A nuToMHuKa TP «EpTic
OpMaHbI», MEPBbLIN O HKU3HWU PaCTEHWUN.

Ex 0.05 | Ex0.1 Ex0.15 | Ex0.05 | GNB |[GNBS5 |ErGrw | Gum+7 | Gum+7 | Control
shower | shower | min 5 min spray | min shower | 18h 24 h

Cpennee | 2.789 2.627 2.634 2.678 2.831 |2.726 2.829 2.980 2.569 2.480
Mennana | 2.790 2.626 2.634 2.677 2.831 |[2.726 2.829 2.980 2.569 2.479
Mona 2.795 2.635 2.627 2.669 2.838 |2.723 2.830 2.986 2.564 2.482
CKO 0.050 0.051 0.052 0.056 0.054 |0.050 0.059 0.062 0.051 0.063
N 202 200 200 202 204 203 203 203 201 200

Tabnuua 2. MapaMeTpbl byTcTpen-pacrpeneneHuns BbICOTbl COCEH B CM AnA nMToMHMKa [T1PM «EpTic
OpMaHbl», BTOPOM 04, HM3HN pacTEHUN.

Ex 0.05 | Ex0.1 Ex0.15 | Ex0.05 | GNB GNB | ErGrow | Gum+7 | Gum+7 | Control
shower | shower | min Smin spray Smin | shower |18h 24 h
Cpennee | 7.739 7.063 6.350 6.963 7.262 7.337 | 8.575 8.150 7.562 6.250
Menuana | 7.739 7.062 6.351 6.963 7.261 7.336 | 8.575 8.149 7.560 6.249
Mopna 7.745 7.062 6.322 6.956 7.295 7.330 | 8.604 8.162 7.554 6.245
CKO 0.189 0.166 0.117 0.116 0.098 0.124 | 0.126 0.138 0.154 0.165
N 40 40 40 40 40 40 40 40 40 40

Tabnuua 3. MapaMeTpbl byTcTpen-pacrpeneneHuns BbICOTbl COCEH B ¢M Ans nuToMHUKa MHIM «KoKweTay»,
nepBbI Mo HU3HW PacTeHUH.
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Ex 0.1 Ex 0.05 | GNB Ex0.15 [ Ex0.05 | Gum+7 | Gum+7 | Control | ErGrow | GNB
shower | Smin spray min shower |24h 18h shower | Smin

Cpennee | 4.044 4.481 4.676 5.043 4.287 4.144 4.228 4.600 4.939 4.152 2
Mennana | 4.043 4.481 4.676 5.043 4.286 4.143 4.228 4.600 4.940 4.152 =
Mona 4.000 4.500 4.680 5.000 4.250 4.167 4.250 4.500 4.942 4.167 E
CKO 0.070 0.070 0.053 0.088 0.066 0.056 0.052 0.077 0.059 0.049 (Uj
N 80 80 82 80 75 80 79 75 82 79
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Tabnuua 4. MapaMeTpbl 6yTCTpen-pacrnpedeneHuns BbICOTbl COCEH B ¢M Ans nuToMHUKa MHIM «KoKweTay»,
BTOPOM IO *M3HWN PaCTEHUN.

Ex 0.1 Ex 0.05 | GNB Ex0.15 | Ex0.05 | Gum+7 | Gum+7 | Control | ErGrow | GNB 5
shower | Smin spray min shower |24 h 18 h shower | min

Cpennee | 15.326 | 11.696 11.703 | 11.294 | 11.309 | 12.410 | 13.638 | 11.587 |14.452 | 13.525
Mennana | 15.328 | 11.697 11.701 | 11.293 11.309 | 12.409 | 13.639 | 11.587 14.450 | 13.524

Mona 15.500 | 11.500 11.705 | 11.200 11.320 | 12.500 | 13.500 | 11.500 14.500 | 13.500
CKO 0.272 0.302 0.260 0.203 0.280 0.255 0.172 0.207 0.282 0.222
N 23 31 42 40 42 40 40 40 20 40

BriBoabl. VccnenoBanus MOKa3aiy, 9TO JaKE B AKCTPEMAIbHBIX KIMMAaTHIECKAX U TOYBEHHBIX YCIIOBH-
ax CesepHoro Kasaxcrana mpeanoceBHast o0pabOTKa CTUMYJISITOpaMHU TIOJOKUTEIBHO BO3JCHCTBOBala Ha
BCXOXKECTb CEMSTH M POCT OIHO- M ABYXJICTHUX CESHIIEB. Bce n3ydeHHbIe BapHAHTHI HCIOIB30BAHUS CTHMYJISI-
topoB B nutomHuKe [JIPTI «EpTic opMaHBD) OKa3aly pe3yiapTaT Jydiie KOoHTpoisd. B ycmosusax [laBmomap-
CKOM 0051acTH MOXKHO PEKOMEHIOBATh ITPOBEJCHUE MIPEATIOCEBHON 00paOOTKH CeMAH CTUMYIsITopaMu «I ymar
+ 7 MHKPOAJIEMEHTOBY, HCITOIB30BATh ITOJUB IIOYBBI CTUMYISATOpOM «pual poy», KoTopsle Hanboee 3 dek-
THUBHO TIOBJIVSUTH HA POCT CestHIIEB. [ ycmoBuid AKMOTIHCKOW 00IACTH MPeJIaraeTcs MPOBEACHUE TIPEIIIO-
CEBHOI 00pabOTKM CEMSH COCHBI OOBIKHOBEHHON CTUMYIATOPOM «IKCTPACOI, OMPBICKIBAHUEM IIPETIapaToM
I'HB u mouB MOYBBI CTUMYIIATOPOM «Dpuil poy».

B pesynbrare mpoBeeHHBIX paboT M aHAIN3a POCTA CESTHIIEB COCHBI OOBIKHOBEHHOH B mUTOMHMKaX Ce-
BepHoro KazaxcraHa BBISIBICH OIPE/ICIICHHBI HA0OP ONTUMAIBHBIX POCTOBBIX BEIIECTB.
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now avalanches are a widespread natural phenomenon that significantly complicates the economic de-

velopment of mountainous regions and poses a threat to human life. Avalanches are dangerous glacio-

logical phenomena, and the forecast of future climate changes is inextricably linked with the forecast of
associated dangerous phenomena. However, unlike other phenomena, avalanches are local and very complex
in the variety of physics of the processes that cause them. Therefore, it is necessary to look for some physically
justified methods, but capable of generalizing the forecast for the scale of the region, and not of one valley.

In order to assess the avalanche hazard, winter classification by air temperature and precipitation was per-
formed using 31 HMSs of the Greater Caucasus during the cold period [Oleinikov, 2002]. The classification is
based on the principle of a correlation matrix, in which winters are divided into four groups according to tem-
perature conditions and moisture supply [Oleinikov, 2012]. Deviations are calculated through the seasonal
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