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[Mpopacranne cemMsiH COCHBbI OOBIKHOBEHHOU (Pinus sylvestris L.) sBIsieTCS BaXHBIM STAlloM XM3HEHHOTO LIUKJIA
JiepeBa 1 OpeJiesisieT MOCIIeYIOITYI0 IPOAYKTUBHOCTD ¥ BEDKMBAEMOCTb, B KOHEUHOM CUETE BIIMSIS HA COCTaB PACTUTEIIb-
HOro cooOiecTBa. BcxoxecTs ceMsH cBsi3aHa C pa3IMYHBIMU OMOJIOTHYECKHMH XapaKTePHUCTUKAMH CEMsH, BKIIIOYasl MH-
JMBUyaJIbHYI0 MacCy ceMeHH. KomM4ecTBO MHTaTeNbHBIX BELIECTB 3HAOCHEPMA, COACPXKAIIMXCS B KM3HECHIOCOOHBIX
CEMEHaX, MOXKET OIPEAENISATH SHEPIHIO, JOCTYIHYIO IUIsl IIPOpacTaHust. DKCIIEPUMEHTAILHBIX CBU/ICTEILCTB BIIMSHUS WH-
JTBHIYAIEHON Macchl CeMsH Ha MPOpPACTaHHe BCE €IIe JOCTAaTOYHO Majo. [l ampoOaiiuy TEeXHOIOTHH TPOU3BOICTBA
MOCaZ0YHOTO MaTepralia C 3aKPhITON KOPHEBOM CUCTEMOM ¢ YIETOM WHANBHIYAIBHBIX IS KXKIOTO COPTOBOTO CEMEHHU
COCHBI OOBIKHOBEHHOH (P. sylvestris L.) copra «Heropenbckas» CeKTPOMETPHUYECKUX H MOP(HOMETPHUUECKHX OCOOCH-
HOCTel TpH citydaiHbix Habopa mo 400 ob6eckpbutieHHBbIX ceMsiH (N = 1200) Boicesuin BpyuHyto B 40-siuerctbie SideSlit-
KOHTeﬁHepr ABTOMATU3UPOBAHHOT'O JICCHOI'O IMMUTOMHHKA. I[J'DI IMMPOBEPKU TUIIOTE3bI O BJIMAHUU MHZ[HBHI[yaHbHOi/lI Mac-
CBl CEMEHHU COCHBI OOBIKHOBEHHOI (P. sylvestris L.) copra «Heropesnbckas» Ha nokaszatenu ero rmpopacranus B SideSlit-
KoHTelHepax Ha 30-U JeHb MCIONB30BAIM OJHOMAKTOPHBIN NUCICPCHOHHBIN aHAIN3 C MPOBEPKON OIHOPOIHOCTH 10
Kkputepuro JluBuHs u anocrepropHbiM LSD-Tectom cpennnx. Pazmax WHIMBHIyadbHON MAacChl BRICESIHHBIX CEMSH Ba-
peuposan ot 1,0 no 13,3 mr (m + SD | 60.1 + 17.5 mr). CpenHue 3HaueHHs MOKazaTessl IPOPACTAHHS CEMSH COCHBI
oObIkHOBeHHOH (P. sylvestris L.) copra «Heropenbckas» Ha 30 menp B obwveme 6, 8, 12, 16, 18, 26 SideSlit-
KOHTEHHEPOB CTaTUCTHYECCKH (KPUTEPHA OTHOPOIHOCTH aucnepcuit Jlusuns 6,35; p = 1,98e-22; ANOVA F-kpurepuit
1,291; p = 0,0139; anocrepuopnsiii kputepuit LSD p < 0.05) oTimuarorcst ot mokasarens Bo 2, 7, 10, 11, 13, 19, 22, 24,
26, 27, 29 xonteiHepax. CpemgHue 3HaUYECHUS MHINBHIYyaJbHON Macchl mpopocmux Ha 30-if mens B sueiikax SideSlit-
KOHTEHHEpOB aBTOMAaTH3MPOBAHHOIO JIECHOTO NMUTOMHHUKA 942 ceMsH cTatuctuyecku (cratucruka Jlueuus 11,317;
p = 0,000792; ANOVA F-kputepuii 12,098; p = 0,000523) oTauuarorcs OT CPEAHUX 3HAYEHUN WHAMBUIYAILHON Mac-
ChI Hempopocmux 258 ceMsiH COCHbI 00bIKHOBEHHOM (P. sylvestris L.) copra «Heropenbckasi». B Oymymem OyayT usy-
YyeHbl Ipopactanue ceMsH Ha 50-if nenp B SideSlit-koHTeliHepax M KOMIIIEKCHBIE ITOKa3aTeNId KayecTBa MOyYEeHHbBIX
cesiHueB Ha 60-i1 nens, Brimrodas DQI u RQI.

KiroueBble ciioBa: cocHa obvikHogennas, copm «Heeopenvckasny, Pinus sylvestris L., unousudyanenas macca
ceMeHU, npopacmanue cemsaH, KOHMeUHEPHbI TeCHO NUMOMHUK, VIYYUeHUe CeMAH, KAYeCmeo CesiHYd, UCKYCCMEeH-
HOe 1ec080CCMAaHosIeHUe
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Abstract

The seeds germination of the Scots pine (Pinus sylvestris L.) is an important stage of the tree's life cycle and de-
termines the subsequent productivity and survival, ultimately affecting the composition of the plant community. Germi-
nation is related to various biological characteristics of seeds, including individual seed mass. The amount of endo-
sperm nutrients contained in sound seeds can determine the energy available for germination. Experimental evidence of
the influence of individual seed mass on germination is still quite small. To test the technology of planting material pro-
duction with a closed root system, taking into account the individual spectrometric and morphometric features of the
Negorelskaya variety for each varietal seed of the Scots pine (P. sylvestris L.), three random sets of 400 de-winged
seeds (N = 1200) were sown manually in 40-mesh SideSlit containers of an automated forest nursery. To test the hy-
pothesis about the influence of the individual seed mass of the Scots pine (P. sylvestris L.) varieties "Negorelskaya" on
the indicators of its germination in SideSlit containers on the 30th day, a single-factor analysis of variance was used
with a check of uniformity according to the Levene's criterion and a posteriori LSD test of averages. The individual
mass of the sown seeds varied from 1.0 to 13.3 mg (m £ SD | 60.1 £ 17.5 mg). The average values of the germination
index of the seeds of Negorelskaya variety Scots pine (P. sylvestris L.) on day 30 in the volume of 6,8,12,16,18,26
SideSlit containers statistically (Levene's criterion 6.35, p = 1.98e-22; ANOVA F-criterion 1.291, p = 0.0139; a posteri-
ori criterion LSD p < 0.05) differ from the indicator in 2,7,10,11,13,19,22,24,26,27,29 containers. The average values of
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the individual mass of 942 seeds germinated on the 30th day in the cells of SideSlit containers of the automated forest
nursery statistically (Levene's criterion 11.317; p = 0.000792; ANOVA F-criterion 12.098; p = 0.000523) differ from
the average values of the individual weight of the ungrown 258 seeds of the Negorelskaya variety Scots pine (P. syl-
vestris L.). In the future, this seed germination on day 50 in SideSlit containers and comprehensive quality indicators of
the seedlings, including DQI and RQI, will be studied.

Keywords: Scots pine, Pinus sylvestris L., Negorelskaya variety, individual seed mass, seed spectrometric fea-

tures, seed germination, container-grown forest nursery, seed enchancement, seedling quality, artificial reforestation
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BBenenue HETO CEesHIIA B IIPUPOAHO-IPOM3BOJCTBEHHBIX YCIOBHIX
HPOM3PACTAHHUSL.
IIpy MPOW3BOACTBE BBICOKOKAYECTBEHHOTO IO-

OCHOBHBIE MEXIyHApOJHbIE Hay4YHbBIE I'PYIIIEI,
CaJ0YHOro Marepuana, B TOM YMCIE U I aJalTUBHO-

JIMTEILHOE BpPEeMs IUIOJOTBOPHO HMCCICAYIOIINE Kade-
TO BOCCTaHOBJICHUS JIECHBIX JTaHAmadToB [24; 46; 72], A P n p Ayrot

CTBCHHBIC (CIICKTPOMETPHUUYCCKUEC) I1O0KA3aTCIN JICCHBIX
H606X0£[I/IMO YUYUTBIBATh CCICKIUOHHBIC CII0CO0BI CO- ( P p )

3NIAFMS HOBHIX TIEPCTICKTHBHEIX rHGpHIOn [13] ofHOTO U CEbCKOX03IHCTBEHHBIX CEMSIH, BO3IJIABIISIOT:

— npocdeccop Mymsmem Turaby (Sveriges Lant-
bruks Universitet, SLU, Swedish University of Agri-
cultural Sciences, Southern Swedish Forest Research
Centre) [73];

— npogeccop Kyro-Cak Kour (Forest Genetics

13 OCHOBHBIX JIECOOOPAa3yIOMNX BHUAOB — COCHBI OOBIK-

HOBEHHOMU (Pinus sylvestris L.), NCTIONp3yeMOTr0 B TeX-

HOJIOTHH JIECOBOCCTaHOBIEeHU [17; 25; 26].
LlenecooOpa3HOCTh MPOBEACHUS AaHHOTO HCCIIe-

JIOBaHHs B paMKax HAy4YHOro rpanTa [8] oOycioBicHa i )
& Tree Breeding Lab., Department of Forest Sciences,

College of Agriculture and Life Sciences (CALS),
Seoul National University) [43; 62];
— npocteccop Kimcenst Mactpanmxkeno (Univer-

CTPEMJIEHUEM INPOCIEAUTH NPOPACTaHUE U PAHHUII pOCT
KKI0W MHAMBUYIbHON KyIbTYphI (N =1 200) cocHbI
oObIkHOBeHHOH (P. sylvestris L.) copra «Heropens-

CKas», HAaUMHAasl HEMOCPEACTBEHHO OT CEMEHH U yUHUTHI-
sity of Sao Paulo (USP) Center for Nuclear Energy in

Agriculture (CENA) [18; 32; 63].

HHTepec k HepaspylIaroliel OLEHKE KayecTBa U

Basl €T0 KOJMYECTBEHHBIC W KAUeCTBEHHBIC TIOKA3ATEeNH,
HaOupas 6aHK JaHHBIX, HAYMHAS OT Pe3yIbTAaTOB U3yde-

HUSL  CHEKTPOMETPHYECKUX U MOP(POMETPUIECKUX

. JIETEKTHPOBAHHUIO CEMSH OHO(PH3MYCCKUMH METOIaMU
CBOMCTB MHAUBHIYaJIbHOTO CEMEHH JI0 OLIEHKH OHOMET-

1; 6; 55] HEeyKJIOHHO BO3pacTaeT, YBEJIUYHMBAs I'eorpa-
PHUYCCKUX MapaMETPOB OHTOICHCTUYCCKOI'O pa3sBUTHSA U3 [ > ] y P Y P

(MI0 M YNCIIO YYaCTHUKOB. Bce rpynmbl y4eHBIX HMEIOT
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poQeCcCHOHATBHYIO IPHOOPHYIO 0a3y, HEOOXOIMMBIA U
JOCTaTOYHBIA OMBIT HCCIEOOBAaHMS CIIEKTPOMETpHYE-
CKUX TOKa3aTeJiei CEMSIH B BUAMMOM, HHPPAKpacHOH U
R-o6actsix. Mcronb3yloTcss METOMKY C TPUMEHEHHEM
Kiaccuueckux VIS, uH(pakpacHbIX CIEKTPOMETPOB,
oOparupix ®Pypwe-ciekrpomerpoB, TDS-cnexrpomer-
poB, R-meTekTopoB, a Takke MepCIeKTUBHBIC METOIUKA
C MPUMEHEHUEM KOHBOJIIOLIMOHHBIX Heipocereit [21].

OpmHaKo Bce METOAMKH, WCIIONB3YyEeMBIE B ITHX
HCCIICIOBAaHMAX, OTIMYAIOTCS JAPYT OT Ipyra W HE B
TIOJTHOM Mepe YUUTHIBAIOT OHO(pU3NUECKHE 0COOEHHOCTH
JecHBIX ceMsH. [Ipu 3TOM BO MHOTHMX METOAMKAX KH3-
HECTIOCOOHOCTh CEMSIH OIPEAENSeTCS] MHBa3HBHBIM Me-
TogoM. Takke 3a4acTyro y BcexX IpYII HCCIenoBaTesei
UCTIONB3YIOTCS  CTallIOHApHBIE CIEKTPOMETPHI C JUIH-
TENBFHON HKCIO3UIKEH, YTO CYIIECTBEHHO ITOBHIMIACT
CTOMMOCTH TIPOBENICHHS MCCIIe0BaHui. B OobImmHCTBE
CIly4aeB WCCIICOBAHHS CIEKTPOMETPHUECCKUX ITOKa3a-
TENel JIECHBIX CEMSH TPOBOISATCS OTAenbHO [39], 6e3
JIOTHYECKOTO TPOJIODKEHUS B BUAE OIPEAEICHHUS BCXO-
JKECTH ¥ HAaOJIOIEHNH 32 POCTOM U PA3BUTHEM CESHIIEB.
W HaobopoT, rccaeqoBaHUE POCTa M Pa3BUTHSI CESHIIEB
U3 CeMsH Pa3HOro IBEeTa MPOBOAWTCS 0€3 MPHBS3KU K
TEM WA WHBIM CIICKTPOMETPHICCKUM MOKA3aTeIIsIM HH-
JUBHUIYAJIFHOTO CEMEHH.

B cBs3u ¢ 3THM BO3HHWKAeT 3a/ada pa3paboTKu
HOBOTO YHHBEpCaIbHOTO moaxoma [12] mpumeHeHms
HWHHOBAIIH B JIECHOM XO03sHCTBE [4], 00ecneunBaroniero
BO3MOKHOCTB PEIIEHHUs IPOOJIEMBI MTOTY4IEHHS BHICOKO-
Ka4eCTBEHHBIX CEMSH IUIS BHIPAIUBAHUS YIyUIICHHOTO
PENpOIyKTUBHOTO MaTepHaia COCHbI OOBIKHOBEHHOIT (P.
sylvestris L.) copra «Heropembckas» ¥ 00Jaqaromero
CIIETYIOIIMH MIPEUMYIIIECTBAMHU:

) UCIIOJIb30BaHUEM HEHHBA3UBHBIX BO3JCHCTBHI
[16; 65] Ha cemeHa,;

0) mcrmomp30BaHUEM HEXKECTKHX (0Oe3 mprmMeHe-
Hus UV, X-ray [42; 56; 75]) uctounukoB cBeta [35; 37;
53], B ocHoBHOM Buaumoro (VIS) wmu OmmKHEro WH-
(bpakpacuoro [29; 75; 76] (NIR) auamnazoHos [9];

B) YYETOM OHMMOIAILHBIX, OHOGH3MUCCKUX U
OMOXMMHYECKHX OCOOEHHOCTEH JIECHBIX CEMSH U TIOJTy-
YCHHBIX M3 HUX CESHIICB B IOJIEBBIX YCIOBUSAX U YCIIO-
BHSIX KOHTCHHEPHOTO MTUTOMHHKA,

T) UCCICIOBAHUEM KOPPEISAIMOHHONH CBS3H
«CTIEKTPOMETPHIECCKUE TapaMeTPhl CEMEHH — OHOMeET-

PUIECKUE 0COOEHHOCTH CEAaHIIa»,

62

II) HaKOIUICHMeM Ha0opa MaHHBIX (maracera) O
CBOWCTBAX KaXIOTO0 €IMHUYHOTO CEMEHH C TOCIEeIyIo-
e MPUBA3KOW JaHHBIX O OMOMETPUYECKUX IMapamMeT-
pax MOJy4eHHOI'0 U3 HETO CesHIIA;

€) MPUHIMITHATIBHON BO3MOXHOCTBIO allPHOPHO-
TO ONTHUMAIBFHOTO TPOTHO3UPOBAHKS TEMIIOB POCTa Ce-
SIHIICB IO CHEKTPOMETPUYCCKUM IOKA3aTeIsIM CeMSH
HCXOJI U3 YCTAHOBIICHHOTO JJIsi KOHKPETHOTO BHJA Ce-
SIHITeB MaKCUMyMa WHJIeKca KauecTBa J{uKcoHa.

HecomueHnHO, 3acTyXuBaeT akIeHTa TO 00CTOs-
TEIBCTBO, YTO YUYCHBIC-JICCOBOAbI HCYKIIOHHO HAXOAATCA
B MOMUCKE JIy4IlIed METOJIMKH OLEHKH KayecTBa KOHTEMU-
HEPHBIX CESHIIEB CEMEUCTBAa COCHOBBIX (Pinaceae) mo
pacrpesiesieHrIo JuaMeTpa KOPHEBOM IIEUKH U BBICOTHI
cestHIICB [22], 1 B OCOOCHHOCTH HAa OCHOBAaHUHM KOM-
IJIEKCHBIX MOKa3areneH [2].

[pomeccom, uMmeronwM Olaromapsi MCCIeIoBa-
HUSIM JIOCTAaTOYHYIO CTaTHCTUYECKYI0 3HAYMMOCTh H
KOPPEJSIIHOHHYIO CBSI3b (OT YMEPEHHOH O TECHOU) ¢
(I)I/ISI/IOHOFI/I‘ICCKI/IM Ka4eCTBOM CEMSIH COCHBI O6BIKHO-
BeHHOM (P. sylvestris L.), a paBHO U C IOCJIEIOBATEIb-
HOCTBIO TEXHOJIOTMYECKOTO BO3ACHCTBHS JUISl YITydIle-
HUS CEMSIH TIepeJT BBICEBOM, B IIPOIIECCE BHICEBA HA aB-
TOMAaTH3UPOBAHHOW JIMHUU U TOCJC BBICCBA B aBTOMa-
THYECKOM PEKUME TIOICPKAHUS YPOBHSA TEMITEPaTyphI
Y BJIATH TEIUTUIIB KOHTCHHEPHOTO MUTOMHUKA, SBISICTCS
MIpopacTaHue CEMSH.

ITo muenuro [IpBuma b. Cayrxa u C.A. DHebaka
(2006)4, «HCTIONIb30BaHHUE CEMSH C BBICOKHM MPOLIEHTOM
BCXOXKECTH SIBIISIETCS KIItOueBbIM (pakTopom». Bpemst n
JICHbI' Ha NPOU3BOACTBECHHYIO ACATCIIBLHOCTDH KOHTEH-
HEPHOTO MHUTOMHHKA [3], BIOKEHHBIC B aBTOMATU3UPO-
BaHHYIO ITOJI'OTOBKY CEMEHHOTO JIOKa (IOYBEI, CYO-
cTpaTta) B KaXIOW SUEHKe KacCeThl, aBTOMATHUYCCKHUI
BBICEB CEMSIH COCHBI OOBIKHOBEHHOH (P. sylvestris L.),
OyIyT MOTpadeHbl BIYCTYIO, €CIH CeMsI HE IPOPacTeT
WM CesSHEIl ITOTHOHET TOocTie POpacTaHusl.

Macca cemeHH SBISeTCS OTHMM W3 HamOolee
BaXXHbIX GI/IOHOFI/ILICCKI/IX IMPU3HAKOB W BJIMACT Ha pas-
JIMYHBIC YPOBHU IIpOpacTaHud CEMSAH, IOCKOJIbKY, KakK
omnpenensiior A. AHHUBaiep u coaBTopsl (2020), «komnm-

YECTBO KpaxMajla U MUTATCIbHbIX BCIICCTB SHAOCIICpMA,

4 South, D. B. Integrated pest management practices in southern pine
nurseries / D. B. South, S. A. Enebak // New Forests. — 2006. —
Vol. 31. — Ne 2. — P. 253-271. DOI: https://doi.org/10.1007/s11056-
005-6571-0.
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COZIEpIKaIMXCS B CEMEHAX, MOXKET OIPEAEIISATH SHEPTHIO
Y TIUTaTENbHbBIE BEIECTBA, JOCTYIIHBIE [UIS [TPOPACTAHMS
cemsn» [14]. Pesymerats! uccienosanuit 1. [TpxuOyots-
cKoro U coaBTopoB (2020) ceMsiH COCHBI OOBIKHOBEHHON
(P. sylvestris L.) NOATBEp)KAAIOT OXKUAAEMYIO KOPPEJIs-
LIUIO MEXy MacCOi CEMSH B Pa3MepoM 3aposIiia [66].

AHTTI0-PYCCKHH CIIOBaph HI/IHHapI[aS JIOCTaTO4YHO
YETKO OIpeselIsieT PasHUIy MeXIy TepMHHamu «seed
weight» (HaTypoil ceMsH, OmNpeAensIeMOd BETHMIHHOU
Macchl CEMsH, 3aHMMaromeil ooseM B 1 mutp, T ') n
«seed mass» (Maccoii OTHOTO CEMEHH, MT).

COOTBETCTBEHHO, CHCTEMATHYECKHH 3ampoc co-
BPEMEHHBIX Hay4dHbIX crareii mno tepmy [Scholar
Query = "seed weight” OR "seed mass" AND "Scots
pine" | Filters: Published Date = (2018-01-01 - 2023-
06-01] (lens.org) Bo3Bpainaet 15 HCTOYHUKOB, COTTIACHO
puc. 1, cBUAETENBCTBYIOMMX 00 M3Y4YEHHH IapaMerpa
MacChl CEeMsIH COCHBI OOBIKHOBeHHOU (P. sylvestris L.)
OTHOCHUTENBHO CJIETYIOIIETO:

— mepepacnpenereHns Maccsl 1000 ceMsH 0THO-
curenbHO mM3MeHeHns1 kimMata y E.M. Ilapdenosoii u
coaBTOpOB [61];

— OLEHKM (CHOTUIUYECKOH IIACTUYHOCTH
HacaXJIeHU cocHBbI OObIKHOBeHHON B IlloTmanauu 1o
MOp(HOMETPUH LIMIIEK ¥ CEMSH B JOJITOCPOYHOM MHO-
rocaiiToBoM skcniepumente J{. buton u coaropos [19];

— cBs3U pusocepbl ¢ HaA3eMHOW OHOMAaccow,
HECMOTpSl Ha BBICOKYIO BapHaOeIbHOCTh HPH3HAKOB
cemsH u cesHeB, y K. Kapmonsr u coaBropoB (2021)
[28];

— BiusiHUK d(ddexTa cHeroBaHus Ha Tpopacra-
HHUE CeMsH C pa3nuyHoi Maccoit 100 cemsH y A. AHHU-
Baifep u coasropos (2020) [14];

— mudpepentmannyn Maccel 1000 cemsn (1000-
seed weights) cocHbl 00OBIKHOBEHHOM (P. sylvestris L.) ot
npoucxoxaenus y Il. IIpxuOymbckoro u coaBTOpPOB
(2020) [66];

—  WCCIENOBAaHWHA  PETYJISTOPOB  pocCTa-
ruo6epennHOB, y C. bokmrerte u coaBTopos [23];

— OLICHKH BIIMSHUS TSDKEJIBIX METAJUIOB Ha BCXO-
JKECTh Y OTHOCUTEINBHYIO Maccy ceMsH y k. Tao @y u
coasTopos (2019) [34].

> Linnard, W. Russian-English, English-Russian forestry and wood
dictionary / W. Linnard, D. Darrah-Morgan. — New Work : CABI
Publishing, 1999. — 180 p.
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Pucynok 1. [IaTunersee pacnpeneneHie HayqHbIX
myosmukanuii (N = 14) o Bunam (a) u aBTopam (0);
tepMm [Scholar Query = "seed weight" OR "seed mass"
AND "Scots pine" | Filters: Published Date = ( 2018-01-
01 - 2023-06-01]

Figure 1. Five-year distribution of scientific publica-
tions (N = 14) by type (a) and scientists (b); [Scholar
Query = "seed weight" OR "seed mass" AND "Scots
pine" | Filters: Published Date = ( 2018-01-01 - 2023-
06-01] term

Ucrounuk: https://www.lens.org/, koMrnoHoBka
IO 3aIpOCy aBTOPOB

Source: https://www.lens.org/, layout at the au-
thors’ request

[MonroroBka ceMsiH mepel BBHICEBOM MOXKET
BKJIIOYATh OINPEACICHHOE TEXHOJOTHYECKOe BO3JCH-
cTBUe [58] — MEXaHHYECKYI0 WM TEPMHYECKYIO CKa-
pudukanuo [40; 47], kancynupoBanue [40], apaku-
posanue [40], mporpasnuBanue [71], cemapammio Mo
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cnekTpomerprdeckuM cBoiictBam [10]. B mpomecce
[popacTaHusi CEMSIH Ha ITPOPOCTKH H, B TIOCIIETYIOLIEM,
CesIHI[bI, OKa3bIBACTCSl TEXHOJOIMYECKOE BO3J/CHCTBUE
co cTopoHbl ceMeHHOro Jioxa (seed bed), xapakrepu-
3yeMOe KOHCTPYKTHBHBIMH OCOOCHHOCTSIMH H 00Be-
MoM KoHTelHepa [38; 68; 69] u ucnoiIbp3yeMbIM CyO-
CTpaToM U Myusbueit [27; 47; 49], creneHpro ux yImioT-
HeHus [44]. Bonee Toro, pa3inuyHOe TEXHOJOTHYECKOE
BO3JIeHicTBHE Ha OyIyIINiA JIECHON MOCAJOYHBIA MaTe-
pHan 1pu BBIPANIMBAHUK B aBTOMATU3UPOBAHHOM ITH-
TOMHHKE MOXET ObITh Au()(HEePEeHIIUPOBAHO: 110 UCTOY-
HuKam ceeta [31; 54; 67], ypoBHio 3atenenus [30; 67;
69] cesHleB, BapbUpOBaHHUIO TeMmIepatypsl [15; 45;
50], creneHn wuHTeHCHMBHOCTU monuBa [33; 41; 54],
CTEINeHU BHECEHUs yoopennit [49; 52; 71].

BerImonHeHHE OOKOBBIX BEPTHKAIBHBIX MPOpE3Ci
(Side Slit), pacronoXeHHBIX B IIAXMATHOM TIOpSIKE Ha
MOBEPXHOCTU KOHTEiHEpa B 00JIACTH PACIOJIONKEHHS U
(hOpMHUPOBaHUS PH30CUCTEMBI CESIHI]A B COOTBETCTBHH C
pHC. 2, MOXKET TIOBBICUTH BOJIOKHHUCTOCTh KOPHEBOM CH-
CTEMBI U HCKIIIOUUTh PUCK 00Pa30BaHMsI KOPHEBBIX MO-
CTUKOB MCXKAY ﬂqeﬁKaMH. BrimonHeHnue syeek B IUIaHE
KBaJ[PATHOTO CEYEHHS OOECICUYMBAIOT BBICOKYIO ILIOT-
HOCTh POCTa M ONTUMAJBHOE KCIIOJIb30BAHUE ILIOIIAIN
TETUIAIBL ¥ CKITAfA.

CIieKTpOMETpHYECKUE TTOKA3aTe CEMSIH COCHBI
0OBIKHOBEHHO (P. sylvestris L.) B psiae cirydaeB JeMOH-
cTpupyIoT auddepeHnuanmo MmoKa3areneil mpopacra-
Hus [5] B KOHTeiHEepax U Tu(QepeHIaIiiio moKa3aTe-
JIel paHHero pocta cesHIEB [57; 59]. Jns mpoBepku
THIIOTE3bl 00 OTCYTCTBHM BIIHMSIHUSI WHIUBHIYJIbHOMN
MacCChl CEMCHH COCHBI OOBIKHOBEHHOM (P. sylvestris L.)
copra «Heropenbckash» Ha 1mokaszaresld ero rnpopacra-
Hus Ha 30-it nenp B SideSlit-koHTelHEpax aBTOMATH-
3HPOBAHHOTO JICCHOTO THTOMHHKA ITOCTABMIH CICIY-
OLIKE 3314 U

1. OueHnTs CTENCHb BIUSHHUSA CPEeJHEH MacChl
CeMSIH COCHBI OOBIKHOBeHHOU (P. sylvestris L.) copra
«Heropenbckas» Ha Mmokaszareib npopactanus Ha 30-i
IeHb B 00beMe exuauuHoro SideSlit-koHTeliHepa.

2. OueHUTh CTENEeHb BIMSHUS WHAUBUIYAILHON
maccbl cemstH (N = 1200) Ha mpopactanue (WM €ro
oTcyTcTBHUE) B sueiikax SideSlit-koHTelHEpOB aBTOMA-

TU3UPOBAHHOI'O JICCHOI'O TMTOMHHKA.
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Pucynox 2. KOHCTpYKTHBHO-TEXHOJIOTHIECKUE
ocobennoctu SideSlit-konreitnepa HIKO V-120
(pasmep AT 352*216*110 mm, o0bem stuetiku 120
cm?, 526 cesnues Ha kB. M; BCC AB, IlIsenus),
HCIOJIb3YEMOT0 B HCCIIEZIOBAHHH: BU/IBI CBEPXY (a) U
cHU3Y (0) IUTs anpoOaIuy TEXHOJIOTHH MPOU3BOJICTBA
MOCaJI0YHOT0 MaTeprala ¢ y4eToM
CIIEKTPOMETPHUYECKUX U MOP()OMETPUIECKHX
0ocoOeHHOCTEH ceMsIH
Figure 2. Design and technological features of the
SideSlit-container HIKO V-120 (size DSHG
352%216*110 mm, cell volume 120 cm3, 526 cells per
sq. m; BCC AB, Sweden) used in the study: top (a) and
bottom (b) views for testing the technology of planting
material production taking into account the
spectrometric and morphometric features of seeds
HcroyHuk: coOCTBEHHAss KOMIIO3MLHS aBTOPa
Hosukosoii T.I1. (23.06.2023)
Source:  author's own composition by
Novikova T.P. (23.06.2023)

Martepuajbl 1 METOABI

Ilpeomem u ob6vexm ucciedoganuii

OOBEKT HccileIoBaHui — 00ECKpBUICHHBIE Ce-
mena (N = 1200) cocHbl 0ObIKHOBEHHOH (P. sylvestris
L.) copra «Heropenbckas» H3MEpEeHHOH WHIMBHIY-
anpHO Macchl, BeIcessHHBIE B SideSlit-koHTeitHEPHI

AaBTOMATU3UPOBAHHOI'O JIECCHOTO ITMTOMHHUKA.
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[Ipeamer rccnenoBanuil — mpolece U nokasaTe-
mu nipopactanus Ha 30-i nenb cemsH (N = 1200) coc-
HBI 00bIKHOBEHHOH (P. sylvestris L.) copra «Heropeins-
ckas» B SideSlit-xoHTeliHepax, ampoOupyemble aist
HHTEHCU(UKALMK TONTy4YeHHUs I0CaJOYHOTO0 MaTepua-
Ja, YYUTBHIBAIOIIETO CIIEKTPOMETpHYEecKHe M Mopdo-
METPHUYECKHE [TapaMeTphl CEMSIH.

Jluzatin sxcnepumenma

Tpu Habopa (n = 400) ceMsiH oTOMpAIH METO-
JIOM KBapTOBaHUSI M3 MapTHU OOECKPBUICHHBIX CEMSH
COCHBI 0ObIKHOBEeHHOH (P. sylvestris L.) copra «Hero-
penbckasy»  ypoxkas 2023  roma, coOpaHHBIX B
(53.577939, 27.056128, 180 m HYM). V xaxnoro
ceMeHM u3 Habopa W3MEpWIM pa3Mephl, Maccy,
IUIONIaAb, 00BEM 3JUIMIICOMIA U CIIEKTPOMETPHYECKHE
napaMmeTpsl 1o pa3paboTaHHOU Ha ocHoBe [21; 23; 48]
METOJMKE U IOMECTWIH B IPO3payHble KapMAIIKH MOJ
VHIMBHYJIbHBIM HOMEPOM.

B Hacrosimee Bpemst HaOnomaeTcst TEHOEHIUS
mepemenieHust [61] cemMsH cocHBI OOBIKHOBEHHOW (P.
sylvestris L.) mist IpoBeEHUs] POCTOBBIX IKCICPHMEH-
TOB B IpajueHTe (YHKIMH HAKOIUICHHOTO TOJOBOIO
KOJIMYECTBAa OCaaKOB (MM) B 3aBHCHMOCTH OT HAKOII-
JIGHHBIX Tpaxyco-mgHeil [19] pernoHa mpoBemEHUS.
I1. Ipxxubymnsckuit u coaBTopsl (2020) momararot, 4TO
«KOJIMYECTBO OCA/IKOB B TEUEHHE BEreTAllMOHHOTO IIe-
pHozia co3aeT CEeNIEKTUBHOE IaBJICHHE, BIUSONIee Ha
TEHETHYECKYI0O HM3MEHYHMBOCTH COCHBI OOBIKHOBEHHOMN
(P. sylvestris L.)» [66], a Isun b. CayTx u coaBTOpHI
(2023) B moapobHOM 0030pHOM noKIazne «Ilouemy 3m0-
POBBIE Ca)KEHIIBI COCHBI IIOTHOAIOT MOCIIE TOr0, KaK OHH
TTOKUJAIOT TUTOMHHUK» [70] OOBSCHSIOT «HEKOTOpOe
YBEJIMYCHHE TIOKa3aTens BbDKHBaeMocTH» [70] mepe-
CaOXEHHBIX B IOJIe KOHTCHHEPHBIX CESHIICB «yBeJIHde-
HHEM cpefHero komuuectBa ocajnkoB» [70]. Texymmit
SKCHEPUMEHT He siBisiercs uckiaoueHueM: 1200 copro-
BeIX (copT «Heropenbckas») ceMsiH HepeMecTHiIn W3
paiiona cbopa (1731 rpamyco-mHel, 722 MM) B paiioH
aKkcriepuMenTa (2326 rpamgyco-aHeit; 786 MM) corilacHO
puc. 3, a, COpHEHTUPOBAHHOMY IIO JJTaHHBIM KJIMIMaTH4e-

ckux Habmonenwnii 2022 rona.
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Pucynok 3. Kimmmatudeckwnii rpaineHT (3aBUCHMOCTD
HAKOIJICHHBIX OCAIKOB OT HAKOIUICHHBIX TPaIyCco-
JTHEH) (@) mepeMeIeH s CeMSH COCHBI OOBIKHOBEHHON
(P. sylvestris L.): cuHII MapKep — MECTO
MPOUCXOXKACHHS CEMSIH; KPACHBIH MapKep — MECTO
nepeMelleHus: CEMSIH sl UcclieloBaHuid; u3 PS-
Conaglen (Scotland) B PS-Ballochbuie (Scotland) y
J. buron u coasropos (2022) [19], B PS-Boguchany
(Russia) y E.W. ITapdenosoit u coaTopos (2021) [61]
6 — nepemenienue ceMsH u3 2023-PS-NG-Minsk B
2023-PS-NG-Voronezh B daiinax ¢ mpo3pauHsIMU
KapMallKaMy B TEKYIIEM HCCIICTOBAaHUH
Figure 3. Climatic gradient (dependence of annual
precipitation on annual degree-days) of the movement
(a) of Scots pine (P. sylvestris L.) seeds: blue marker —
the seeds provenance; red marker — the place of seeds
movement for research; from PS-Conaglen (Scotland)
in PS-Ballochbuie (Scotland) by D. Beaton et al.
(2022) [15], in PS-Boguchany (Russia) by E.I.
Parfenova et al. (2021) [47]; b — seed transfers from
2023-PS-NG-Minsk to 2023-PS-NG-Voronezh in files
with transparent pockets in the current study
HcrovyHuK: cOOCTBEHHAsI KOMIIO3HLIUSI aBTOPOB

Source: author's own composition

65



IIpupononosib3oBanue

BEiceB CeMsIH OCYLIECTBISUIM BPYYHYHO B Kak-
nyto u3 40 mpeaBapuTeNbHO 3aIONHEHHBIX TOP(SIHBIM
cy0CTpaToOM KHMCIION peaknum sueek o0bemom 120 cm?
konreitnepoB HIKO V-120 SideSlit (pazmep LT
352*216*110 mm, 526 cesnueB Ha kB. M; BCC AB,
[IBenws), momerast ceMs B LEHTP SYEHKU Ha TIIyOuHY
0,5 cm. PacnonoxeHnue ceMsH Ui TOCIEAyHOIIEH
UAEHTH(UKAINN OCYIIECTBISUIM B COOTBETCTBHU C

puc. 4, a, 0003HaYass HAYAIBHYIO SYCHKY OTCUETa CHa-

PYXH CIIeNHAIBHBIM MapKepoM Kak Ha puc. 4, 6. Ilo-
cie BriceBa 40 ceMsH KOHTEHHEp MPUCHITAIN MyTb4el
B BHJE IEPINTa ¥ BBICTABIIUIM Ha HOMNOH JUIS TPaHC-
MOPTUPOBKK KapoM B Temmny. Kaxnblii Habop u3
400 cemsin pazmectwin B 10 kouTeitHepax. Yepes
30 qHel OCYIIECTBIIIM MOJCYET BCXOXKECTH (B MPOLIEH-
Tax) amsa kaxmoro u3 30 xonreitaepoB (N = 1200 ce-
MsiH) (puc. 4, 6) 1 HHANBUIYAITbHONW BCXOXKECTH Ka-

noro cemend (0 — He B30o1UIo; 1 — B30MIIO).

515 6 15 16 25 26 35 36
41 4 7 14 17 24 27 34 37
313 8 13 18 23 28 33 38
21 2 9 12 19 22 29 32 39
1] 7 10 11 20 21 30 31 40
1 1 2 3 5 6 7 8

Y o

61b

6| c

Pucynox 4. Pyunoii BeiceB 1 200 urauBuyanpHbIx ceMmsH (N =400 * 3 oOpasma) cocHbI OOBIKHOBEHHOM (P. sylvestris
L.) copra «Heropenbckas» B SideSlit-konreitnepst HIKO V-120 (pa3zmep AL 352*216*110 mm, 526 cesiHieB Ha
kB. M; BCC AB, IlIBenust) 1uist anpo0anyy TeXHOJIOTUH TPOU3BOACTBA OCAI0YHOTO MaTeprala ¢ y4eToM

CIIEKTPOMETPHUYECKUX U MOPPOMETPHIECKHX OCOOEHHOCTEN CeMsH: CXeMa pa3MeleH s HHANBHIAYaJIbHBIX CEMSIH

B KOHTelHepe (a); py4HO BEIceB U MapkupoBKa SideSlit-koHTeitHepoB (6); onieHka mpopactanus cemsiH B SideSlit-

KoHTelHepax Ha 30-if 1eHb (6)
Figure 4. Manual sowing of 1,200 individual seeds (N = 400 seeds * 3 samples) of Scots pine (P. sylvestris L.) sort
"Negorelskaya" in SideSlit-containers HIKO V-120 (size LWH 352*216*110 mm, 526 seedlings per sq. m; BCC AB,
Sweden) for testing the production technology planting material, taking into account the spectrometric and

morphometric characteristics of seeds: scheme of placement of individual seeds in a container (a); manual seeding and

labeling of SideSlit containers (b); evaluation of seed germination in SideSlit-containers on the 30th day (¢)

Hcrounuk: coOcTBeHHas kommo3uius aBropa Hosukosoit T.I1. (22.07.2023)

Source: author's own composition by Novikova T.P. (22.07.2023)
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MoMeHTOM yd4eTa IMpopacTaHHs CEMSH copTa
«Heropensckas» B SideSlit-koHTeliHepax aBTOMaTH3HU-
POBAaHHOTO JIECHOTO TIMTOMHWKa ycrtaHoBwin 30-
JHEBHBIA MEPHOJ OT PYYHOTO BHICEBA B KAKAYIO H3
40 s'geek KOHTEIHEpa, KaK 3TO peann3oBaHo y Maiias
et al.% (2009), A.B. Iumenosa (2015) [11], A.A. Ho-
Bukosa (2019) [5].

Ananuz oanmvix

[TporpamMMHBIH KOMIUIEKC BU3YaJIH3allH CTaTH-
cruueckux gaHHBIX Graph Pad Prism, Bepcuto 8, mc-
MOJIB30BAIH ISl OLICHKU BCXOXKECTH UHMBHYaIbHOTO
CEMEHH 10 MacCe M TPYIIOBO BCXOXKECTHU CEMSIH COC-
HBI 00BIKHOBEHHOH (P. sylvestris L.) copta «Heropens-
ckas» B Sideslit-KoHTeiHEpax aBTOMATH3UPOBAHHOIO
JIECHOTO MMUTOMHHUKA/

YacTtoTHas quarpamma (puc. 5) pacnpeneneHus
10 MHAWBUIyaIbHONW Macce oTcyTcTBHs (0) M HATHMUUS
(1) na 30-i1 nenp B SideSlit-koHTeiiHEpax aBTOMATH3HU-
POBaHHOTO JIECHOTO INUTOMHHKA IIPOPOCTKOB CEMSH
(N = 1200) cocubl obbikHOBeHHOU (P. sylvestris L.)
copra Heropenbckas JeMOHCTPHPYET HEKOTOPOE OT-
KJIOHEeHHUe OT pacrpezesenus ['aycca.

Hcmonb3oBanu  ogHO(DAKTOPHBIA JTUCTIEPCHOH-
HbIM aHanu3 u3 monayns «CpaBHEHUE CPEIHUX» IMPO-
rPAaMMHOTO KOMIUIEKCA Ui O0OpabOTKH CTaTHCTHYe-
ckux maHHbIX SPSS Statistics, Bepcust 25, M OleHKH
creieHu mnpopactanus Ha 30-i gerp B SideSlit-
KOHTEHHEpax aBTOMAaTU3MPOBAHHOT'O JIECHOTO IHTOM-
HUKa B ciexyromux rpynmax ceMsH (N = 1200) cocHbl
00ObIKHOBeHHOH (P. sylvestris L.) copra Heropenbckas:

— [0 MHIMBUAYaJbHOW Macce COriacHO Tal.
Al npun. A (aucio rpynn m = 89, BU3yanu3amus rpa-
(ukoMm cpeqHHX Ha puc. 6);

— B 00beme kaxzoro SideSlit-koHTeliHepa (n =
40) cornacHo Ttaba. Al mpwui. A (umcio rpynm m = 30,
BU3yann3anys rpauKkoM CpeTHUX Ha pHc. 7);

— o Habopam (n = 400) oToOpaHHBIX AJIS WC-
CJIeJOBaHUS CeMsH coriacHo Tabn. Al mpun. A (ducio
rpymmn m = 3, BE3yanu3amus TpapuKOM CpeTHHX Ha
puc. 8).

% Mafias, P. Quality of maritime pine (Pinus pinaster Ait.) seedlings
using waste materials as nursery growing media / P. Madas,
E. Castro, J. De Las Heras // New Forests. — 2009. — Vol. 37. — Ne 3.
—P.295-311. DOI: https://doi.org/10.1007/s11056-008-9125-4.
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OnHO(haKTOPHBIN JIUCHEPCHOHHBIN aHAIU3 JO-
CTaTOYHO poOACTeH K OTKJIOHEHHSIM OT HOPMAJILHOCTH,
TeM HE MEHee TPYIMBI (CM. Mpmi. A) MPOBEpsUIH Ha
OCHOBaHHMHM KpuTepus JINBUHA OJHOPOJHOCTH JUCIIEp-
cuil. MeXrpynnoBoe CpaBHEHHE CPEIHUX OCYLIECTB-
JSUTM  HAa OCHOBAaHMM aCHOCTEPHOPHOTO KPHUTEPHs

(LSD) ¢ onpenenenneM ypoBHS 3HAYUMOCTH p [67].
Pe3yabTathl U 00CyxkAeHUE

Pacmipenenenue macchl ceMsH COCHBI OOBIKHO-
BeHHOU (P. sylvestris L.) copra Heropensckas B 00be-
Me SideSlit-koHTeHfHEpOB aBTOMATH3UPOBAHHOTO JIEC-
HOTO NMTOMHHKA IPECTaBIEHO Ha PHC. 5.

I'paduk cpemnux mpopacranus Ha 30-H aeHb
rpynn (1o MHAMBUIYyanbHOW Macce, Tabn. Al) ceMmsH
cocHbl 00bIKHOBeHHOHU (P. sylvestris L.) copra Hero-
penbckas B SideSlit-koHTelHepax aBTOMaTH3MPOBAH-
HOT'O JIECHOTO IIMTOMHHMKA TIPEJICTaBIIEH Ha pHC. 6.

I'paduk cpemnux mpopacranus Ha 30-H AeHB
rpymn (o Habopam (n = 400), oTOOpaHHBIM IS HC-
caenoBanus, Tabn. Al) ceMsSH COCHBI OOBIKHOBEHHOM
(P. sylvestris L.) copra Heropenbckas B SideSlit-
KOHTEeHHepax aBTOMAaTHU3MPOBAHHOI'O JIECHOTO ITHTOM-

HUKA [IPE/ICTABIICH HA PUC. 7.
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Pucynox 4. YactoTHas muarpaMma pacripeieIeHus 10 HHIUBUAyanbHOi Macce oTcyTeTBus (0) n Hammaws (1) Ha 30-it
neHb B SideSlit-KoHTeliHEpax aBTOMAaTH3MPOBAHHOTO JIECHOTO MUTOMHHKA MPopocTKoB ceMstH (N = 1200) cocHbl
0OBIKHOBEHHOH! (P. sylvestris L.) copra Heropenbckas. CItonrHo#H YepHOM JTHHUEH MpeIcTaBlIeHa JIHHUS HOPMAaIbHOTO
pacupeneneHus
Figure 4. Frequency distribution diagram by individual weight of absence (0) and presence (1) on the 30th day in the
SideSlit containers of the automated forest nursery of seed seedlings (N = 1200) of the common pine (P. sylvestris L.)
of the Negorelskaya variety. A solid black line represents the normal distribution line

HcrovyHuK: cOOCTBEHHAs! KOMIIO3HLIUSI aBTOPOB

Source: own composition
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PucyHnok 5. BokcIuioT pacnpeneieHusl MacChl CEMsIH COCHBI 00BIKHOBeHHOM (P. sylvestris L.) copra Heropenbckas
B o0Breme SideSlit-konTeitHepos (Container number) aBTOMaTH3UPOBAHHOTO JIECHOTO MUTOMHIKA. Pa3HBIM IIBETOM
0003HauUCHBI TPH HAOOPA CEMsIH, CITydailHBIM 00pa30M OTOOPAHHBIX IS UCCIICTOBAHHUS
Figure 5. Boxplot of the distribution of the seed mass of Negorelskaya variety Scots pine (P. sylvestris L.) in the
volume of SideSlit-containers (Container number) of an automated forest nursery. Three sets of seeds randomly
selected for research are indicated in different colors
HcTounuk: cOOCTBEHHAs! KOMITO3HIIUS aBTOPOB
Source: own composition
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Pucynok 6. I'paduk cpennux npopacranus Ha 30-it 1eHb Tpyn (110 MHIUBUIYJILHON Macce) CeMSIH COCHBI
o0bikHOBeHHOI (P. sylvestris L.) copra Heropenbckas B SideSlit-koHTeliHepax aBTOMaTU3UPOBAHHOTO JIECHOTO
nuromMuuka. Crarucruka Jlusuns 3,925 (p = 5,24e-22); F-xpurepwuii oqHodakropHoro aucnepcuonHoro aHammsa 1.390
(p=0,012)

Figure 6. Average graph of 30-day germination of groups (by single seed mass) seeds of Negorelskaya variety Scots
pine (P. sylvestris L.) in SideSlit-containers of an automated forest nursery. Levene’s statistics 3,925 (p = 5,24e-22);
ANOVA F-criterion 1.390 (p = 0,012)

HcTounnk: coGCTBEHHAs! KOMITO3UIINS aBTOPOB
Source: own composition
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Pucynox 7. I'paduk cpeqaux npopacranus Ha 30-it meHs rpym (o Habopam (n = 400) oTOOpaHHBIM TS
HCCIICIOBaHMs) CEMSIH COCHBI OOBIKHOBeHHOM (P. sylvestris L.) copra Heropensckas B SideSlit-konTeiiHepax
aBTOMATU3UPOBAHHOTO JiecHOTo nMuToMHMKA. Ctatuctuka Jlusuns 10,323 (p = 0.000036); F-kpurepwmii
01HO(aKTOPHOTO AKCIIEpCHOHHOTO aHamu3a 2.686 (p = 0,069)
Figure 7. Average graph of 30-day germination of groups (by single seed mass) seeds of Negorelskaya variety Scots
pine (P. sylvestris L.) in SideSlit-containers of an automated forest nursery. Leven’s statistics 10.323 (p = 0.000036);
ANOVA F-criterion 2.686 (p = 0.069)
HcTounnk: coOCTBEHHAS KOMITO3UIIHS aBTOPOB

Source: own composition

I'padux cpennux npopacranus Ha 30-it nenp rpymnm (B penbckas B SideSlit-koHTelHepaX aBTOMAaTH3UPOBAH-
obweme omHOTO KOHTeiHepa (n = 40), Tabn. Al) cemsn HOTO JIECHOTO MMUTOMHUKA TPEICTABJICH Ha puC. 8.

cocHbI 0OBIKHOBeHHOH (P. sylvestris L.) copra Hero-
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Pucynoxk 8. I'paduk cpeanux mpopacranus Ha 30-if nenp rpymi (1o 40 ceMsiH B 00beMe 0JJHOrO KOHTEHHEpa) CEeMsTH

cocHBI OOBIKHOBeHHOH (P. sylvestris L.) copra Heropenbckas B SideSlit-koHTeitHepax aBTOMaTH3UPOBAHHOTO JIECHOTO

nutoMHuKa. Cratrctuka Jlusuns 6,35 (p = 1,98e-22); F-kputepnit onHodakTopHOTO AMCIIEpCHOHHOTO aHaimm3a 1,291
(p=0,0139)
Figure 8. Average graph of 30-day germination of groups (in the volume of one container (n = 40)) seeds of

Negorelskaya variety Scots pine (P. sylvestris L.) in SideSlit-containers of an automated forest nursery. Leven’s
statistics 6,35 (p = 1,98e-22); ANOVA F-criterion 1,291 (p = 0,0139)

HcTounuk: cOOCTBEHHAs! KOMITO3HIIUS aBTOPOB

Source: own composition

[MockonbKy MHIMBHIYaTbHAS Macca CEMSH COC-
HBI OOBIKHOBEHHOH (P. sylvestris L.) sBnsercs xak re-
HETUYECKHM, TaK U (PCHOTUIINICCKUM HPU3HAKOM, BbI-
0op BHAa JepeBa JUIS HCCIEIOBAHUS IMPOU3BENEH
He cinydaiiHo. Bo mepBhIX, “X6otiHblie nopoosi 0emoH-
cmpupyiom 6oiiee 8blcoKue noKasamenu a0anmayuu K
pocmy depesves [36]”. Bo-BTOPBIX, COCHA OOBIKHOBEH-
Has (P. sylvestris L.) pacmpocTpaHeHa B “wupokou
knumamuuecxoti Huute [20]”, B KOTOpPOH, COrjacHO
naHHbIM J[xoan buton u np. (2022), MoxHO 0OHapy-
JKUTh [IHPOKUE W3MEHEHHS CPEIHETOJ0BBIX TeMIlepa-
Typ (ot 0 °C mo +15 °C [19]) u romoBoro oOnema
ocankoB (o1 200 mo 3 500 mm [19]). B-Tperbux, cro-
COOHOCTh  JIEpEBBEB  COCHBI  OOBIKHOBEHHOH  (P.

sylvestris 1..) B KauecTBe TJIABHOW MOPOABI B CMEIIIaH-

Jlecorexunuecknii :xypHaa 2/2023

HBIX JpeBocTosix ¢ Oepesoit [51] (Betula pendula
Roth), 6yxom eBponeiickum (Fagus sylvatica L.) [64] B
YCIIOBHUSIX M3MEHEHHS KIIMMATa J1aBaTh OOJBIINI MpH-
pOCT, YeM B MOHOKYJIbTYpax, JejiaeT 3Ty MOPOAY XO-
3SICTBEHHO IIPUBJIEKATEJIBHOM JUIsl  KOMIUIEKCHOI'O
MOJX0J]a K BOCCTAHOBJICHHUIO TPYAHOKYJIbTHBUPYEMBIX
IJIOLIAACH.

B HacTosmMii MOMEHT MOILHOCTh HAayYHBIX MC-
CIEIOBAaHUH IO MJAaHHBIM ScOpuS, HCHOIB3YFOIIIX
Pinus sylvestris B kauecTBe 00beKTa, COCTaBIsIET OoJiee
9 500 omybnmKoBaHHBIX paboT (oT MuHEMYMa B 11 10
MakcumyMa 1736 B HopBerun) B cTpaHax ¢ MOKPBITON
JIECOM IUIOIIA/BI0 U MEJMaHON U3MEHEHHUS TeMIIepary-
put 3a 10 met 2,233 °C. Takum 006pa3oM, COcHa OOBIK-

HOBEHHAs U3YYACTCA B CTpaHaX C UBMECHCHHUEM TEMIIC-
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patypel 3a mnociegHue 10 jgeT OT MHUHMMAaJIbHOTO
0,730 °C go makcumanbHOro 3HadeHus 3,699 °C [7]
(Poccus).

[IpopacTanue ceMsH SBISETCS KPUTHUECKUM
9TaroM >KW3HEHHOrO 1IMKJIA JIepeBa M OMpeneNsieT Io-
CJIEYIOILYI0 NPOAYKTUBHOCTh M BBDKHBAEMOCTb, B KO-
HEYHOM CUETe BJIMSS Ha COCTAB PACTUTEIBHOTO COO0IIe-
cTBa. BexoskecTh ceMsH CBsi3aHa ¢ Pa3IMYHBIMH OHOJIO-
FMYECKHUMHU XapaKTEPUCTHKAMH CEMsIH, BKIOYas pas-
Mep, Maccy U popmy cemsH [14].

A. AunnwuBaiiep u coaBtopsl (2020) HaGmogATH
JIOCTOBEPHOE MOJIOKUTEIBHOE BIMSHUE MAcChl CEMSIH Ha
BcxokecTh ceMsiH (p < 0,01). BexokecTh cemsiH, peo0-
pa3oBaHHasi B apKCHHYC, JIMHEHHO YBEIMYHMBAJIACh C
YBEJIMYEHUEM MacChl CEMsH, MpeoOpa3oBaHHOW Jiora-
pudmrrgecku [14].

Tem He MeHee, IKCIIEpUMEHTAILHBIX CBHUAETENb-
CTB BJIMSIHUSI MAcChl CEMSIH Ha BCXOXECTh BCE €Ile J0-
CTATOYHO MAJIO, ¥, B OCHOBHOM, OHH KaCalOTCS MOJIOKHU-
TENILHOTO BO3ACHCTBUS Ha BCXOkecTh ceMsH (Catoni et
al., 2015; Wang et al., 2016) 1 BbDKUBaeMOCTb ITPOPOCT-
xoB (Wang, 2009).

B JaHHOM KOHKPETHOM HUCCJICIOBAHUN CTaTH-
CTHYCCKas ruioresa 06 OTCYTCTBHUU BJIWAHWUA WHAWUBU-
OyaIbHOH MacChl CEeMEHH COCHbI OOBIKHOBEHHOW
(P. sylvestris L.) copra «Heropenbckash» Ha Ioka3are-
mn ero mpopactanus Ha 30-if menr B SideSlit-
KOHTEIHEpaX OTKJIOHSETCS.

Kaxoli mokasarenb, NMpencTaBIeHHBI B MHIOT-
HOM 0030pe [58], anekBaTHee ONMUIIECT U3MEHEHHE Kade-
CTBa CESHIIEB COCHBI OOBIKHOBEHHOH (P. sylvestris L.)
copTa «Heropenbcxaﬂ» B aBTOMAaTU3UPOBAHHOM IMHUTOM-
HHKE, MOKaXyT Oynyline 3alulaHWpOBaHHBIE HCCIIENO-

BaHUA.

HccnenoBanus 1Mo HAyYHOMY TIPOEKTY [8] 103Bo-
JISIT JOTIONHUTH MH(OPMAIMOHHO-aHATUTHYECKYIO OHO-
JIMOTEKY JIECHOTO PENpONyKTHBHOro Mmarepuana FLR-
Library [60] npyHIMIHAIEHO HOBBIMH JIaHHBIMH, 00ec-
TNICUYMBAIOIMMU PCIICHUE 3a/1a4 CUHXPOHU3alluHn IOKa-
3arenedt kadectBa FRM ¢ momynsiMu npuHSATHS pelie-
HUS TIPH BBINOJHEHHH TEXHOJIOTMYECKOTO IIpoIecca
JIECOBOCCTAHOBJIEHHs (TaTeHT Ha wu300pereHne Pd
2714705), a Takxke C MPOTPaMMHBIMHA KOMIUIEKCAMH
aBTOMATH3UPOBAHHBIX OMNTOXJICKTPOHHBIX YCTPOMCTB
(matenr Ha wu300pereHne PD 2675056, 2682854,
2687509, 2700759) s skcmpecc-aHaIM3a, CEmapupo-
BaHUS, KallCyJIMPOBaHHMsI, BEICEBA CEMSIH 1 MOHUTOPHHTA

3a pe3yJbTaTaMU JIECOBOCCTAHOBIICHMUSL.
BriBoabI

1. Cpennue 3HaUCHHS TIOKA3aTENs IPOPACTAHUS
CeMsIH COCHBI OObIKHOBeHHOH (P. sylvestris L.) copra
«Heropensckas» Ha 30 1eHb B 00BeMe 6, 8, 12, 16, 18,
26 SideSlit-KOHTEHHEPOB CTAaTHCTHYECKH (KpHUTEpHi
oaHOpOoaHOCTH Aucnepcuit JluBuns 6,35; p = 1,98e-22;
F-xpurepuii ogHO(pAKTOPHOTO IJMCIICPCHOHHOTO aHa-
mu3a 1,291; p = 0,0139 orauuatores ot 2, 7, 10, 11, 13,
19, 22,24, 26, 27, 29 KOHTEHHEPOB.

2. CpenHue 3Ha4€HUS WHAMBUIYAIbHOW MacChl
mpopociimx Ha 30-if meHp B sueiikax  SideSlit-
KOHTCHHEPOB aBTOMATH3HPOBAHHOTO JICCHOTO ITHTOM-
HUKa 942 CeMsIH CTaTUCTHYCCKH 3HAYUMO (CTaTHCTHKA
Jusuas 11,317; p = 0,000792; ANOVA F-criterion
12,098; p = 0,000523) oTiMyarOTCst OT CPEIHUX 3HAUE-
HUN WHAWBHIYaJTbHOM Macchl Hempopocmmx 258 ce-
MSH COCHBI OOBIKHOBEHHOW (P. sylvestris L.) copra

«Heropenbckasy.
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Mpunoxenue A. JlaHHbIe, MOTYyYeHHbIE B IAHHOM HCCJIEI0BAHUM, JUISI MOCTPOEHHS CTATHCTHYECKHUX AMATPAMM
Tabmnuna Al
Crenenp npopacranus Ha 30-it ens rpynm (o HHAMBUAYanbHO Macce, ceMsiH (N = 1200) cocHbl OOBIKHOBEHHOM
(P. sylvestris L.) copra Heropenbckast B SideSlit-koHTeliHepax aBTOMAaTH3UPOBAHHOTO JICCHOTO MUTOMHHKA
Table Al
30-day germination degree of groups (by single seed mass, groups number m = 89) seeds (N = 1200) of Negorelskaya
variety Scots pine (P. sylvestris L.) in SideSlit-containers of an automated forest nursery

CreneHb IpopacTaHus 95 % noBepuTENIbHBIN HHTEPBAI 15
Yuciio ceMsiH B cemsiH Ha 30-if J1eHb, CranyaptHoe Cranmapmaas cpeHHerQ 3HaueHus | 95 %
I'pymnmsl cemsan rpymme n cperHee 3HaUCHUE B OTKJIOHEHHE J- S confidence interval for the mean
| Seed groups | Number n of rpymme | Standard de- | Standard H Bepxwsis
seeds in group | 30-day germination viation andard errot WIKHSS TPAHHLA | rpaHmIa |
degree for group, mean Lower bound U bound
g group, pper boun
10 HHAMBUHAYAJIbHON Macce, I | by individual seed mass, g (uncJio rpynn m = 89)

,0010 4 25 ,500 ,250 -,55 1,05
,0013 1 ,00 . .
,0014 1 ,00 . . . .
,0015 5 ,20 447 ,200 -,36 ,76
,0016 1 ,00
,0017 1 ,00
,0019 1 ,00 . . . .
,0020 8 ,38 ,518 ,183 -,06 81
,0022 1 ,00
,0024 1 1,00 . . . .
,0025 7 71 ,488 ,184 ,26 1,17
,0028 1 1,00 . . . .
,0030 15 ,60 ,507 ,131 32 ,88
,0032 2 ,50 ,707 ,500 -5,85 6,85
,0033 3 ,67 577 ,333 =77 2,10
,0034 2 ,50 ,707 ,500 -5,85 6,85
,0035 28 ,68 476 ,090 49 ,86
,0036 1 1,00
,0037 1 1,00 . . . .
,0038 4 ,50 577 ,289 -42 1,42
,0039 3 1,00 ,000 ,000 1,00 1,00
,0040 48 ,71 ,459 ,066 57 ,84
,0041 2 ,50 ,707 ,500 -5,85 6,85
,0042 4 75 ,500 ,250 -,05 1,55
,0043 10 ,90 ,316 ,100 ,67 1,13
,0044 4 1,00 ,000 ,000 1,00 1,00
,0045 77 ,83 377 ,043 ,75 92
,0046 3 1,00 ,000 ,000 1,00 1,00
,0047 12 92 ,289 ,083 ,73 1,10
,0048 16 ,69 479 ,120 43 94
,0049 7 ,86 ,378 ,143 51 1,21
,0050 101 ,79 ,408 ,041 ,71 ,87
,0051 4 75 ,500 ,250 -,05 1,55
,0052 13 77 ,439 ,122 ,50 1,03
,0053 15 ,80 414 ,107 57 1,03
,0054 12 ,83 ,389 ,112 ,59 1,08
,0055 124 ,80 ,403 ,036 ,73 87
,0056 8 ,88 ,354 ,125 ,58 1,17
,0057 16 ,94 ,250 ,063 ,80 1,07
,0058 7 ,86 ,378 ,143 1 1,21
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Yuciio ceMsiH B

CreneHb IpopacTaHusl
ceMstH Ha 30-i J1eHb,

CranpiaptHoe

95 % noBepuUTENbHBIA MHTEPBAT s
cpenuero 3HadeHus | 95 %

CranpaptHas ~ X
I'pynmbl cemsin rpymrie n CpejiHee 3Ha4eHHe B OTKJIOHEHHE ommGKa confidence interval for the mean
| Seed groups | Number 7 of rpyrie | Standard de- | Standard error Errp—— Bepxwsist
seeds in group | 30-day germination viation Lower ll;)oun d rpaHuIa |
degree for group, mean Upper bound
,0059 3 1,00 ,000 ,000 1,00 1,00
,0060 130 ,82 ,383 ,034 ,76 ,89
,0061 1 1,00 . . . .
,0062 13 1,00 ,000 ,000 1,00 1,00
,0063 10 ,70 ,483 ,153 ,35 1,05
,0064 8 ,03 ,518 ,183 ,19 1,06
,0065 113 ,78 417 ,039 ,70 ,86
,0066 4 ,75 ,500 ,250 -,05 1,55
,0067 10 ,90 ,316 ,100 ,67 1,13
,0068 4 75 ,500 ,250 -,05 1,55
,0069 6 1,00 ,000 ,000 1,00 1,00
,0070 69 ,80 ,405 ,049 ,70 ,89
,0071 2 ,50 ,707 ,500 -5,85 6,85
,0072 6 1,00 ,000 ,000 1,00 1,00
,0073 7 ,86 ,378 ,143 ,51 1,21
,0074 4 1,00 ,000 ,000 1,00 1,00
,0075 69 ,84 ,369 ,044 75 ,93
,0076 3 1,00 ,000 ,000 1,00 1,00
,0077 2 1,00 ,000 ,000 1,00 1,00
,0078 1 1,00 . . . .
,0080 35 71 ,458 ,077 ,56 87
,0081 2 1,00 ,000 ,000 1,00 1,00
,0082 2 ,50 ,707 ,500 -5,85 6,85
,0083 4 1,00 ,000 ,000 1,00 1,00
,0084 1 1,00 . . . .
,0085 22 ,50 ,512 ,109 ,27 ,73
,0086 4 1,00 ,000 ,000 1,00 1,00
,0087 1 1,00 . . . .
,0088 4 75 ,500 ,250 -,05 1,55
,0089 1 1,00 . . . .
,0090 26 ,73 ,452 ,089 ,55 91
,0091 1 1,00 . . . .
,0092 2 ,00 ,000 ,000 ,00 ,00
,0093 2 ,50 ,707 ,500 -5,85 6,85
,0094 3 1,00 ,000 ,000 1,00 1,00
,0095 16 81 ,403 ,101 ,60 1,03
,0100 9 ,89 ,333 111 ,63 1,15
,0101 1 1,00 . . . .
,0102 2 1,00 ,000 ,000 1,00 1,00
,0103 2 1,00 ,000 ,000 1,00 1,00
,0104 2 1,00 ,000 ,000 1,00 1,00
,0105 8 ,88 ,354 ,125 ,58 1,17
,0109 1 1,00 . . . .
,0110 2 ,50 ,707 ,500 -5,85 6,85
,0115 2 1,00 ,000 ,000 1,00 1,00
,0120 1 1,00 . . . .
,0121 2 1,00 ,000 ,000 1,00 1,00
,0130 2 1,00 ,000 ,000 1,00 1,00
,0133 1 1,00 . .
1o HabopaM ceMsiH, 0TOOPAHHBIX ISl HCClIel0BaHus (YMCI0 rpynn m = 3)
1 400 ,80 ,404 ,020 ,76 ,83
2 400 81% ,391 ,020 77 ,85
3 400 J75% ,435 ,022 ,70 ,79
B 00beMe Kaxa0ro SideSlit-koHTeiiHepa (4ncio rpynn m = 30)
1 40 ,80 ,405 ,064 ,67 ,93
2 40 75 ,439 ,069 ,61 ,89
3 40 ,80 ,405 ,064 ,67 ,93
4 40 ,78 ,423 ,067 ,64 91
5 40 ,78 ,423 ,067 ,64 91
6 40 93 ,267 ,042 ,84 1,01
7 40 ,73 ,452 ,071 ,58 ,87
8 40 ,88 ,335 ,053 77 98
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CreneHb nIpopacTaHus 95 % noBepuTEIbHBIN HHTEPBAI JUIs
Yucino cemsiH B cemsiH Ha 30-ii 1eHb, CrangapTHoe cpennero 3HayeHus | 95 %
CranpaptHas .
I'pymmsl cemsH rpymie n cpeliHee 3HaUCHUE B OTKJIOHEHHE GKa confidence interval for the mean
| Seed groups | Number n of rpyrime | Standard de- © Bepxwsist
. . L | Standard error Hwxusis rpanuna |
seeds in group | 30-day germination viation rpaHuIa |
: Lower bound

degree for group, mean Upper bound
9 40 ,80 ,405 ,064 ,67 ,93
10 40 ,73 ,452 ,071 ,58 87
11 40 75 ,439 ,069 ,01 ,89
12 40 ,88 ,335 ,053 77 ,98
13 40 ,68 474 ,075 ,52 ,83
14 40 ,80 ,405 ,064 ,67 93
15 40 ,78 423 ,067 ,64 91
16 40 95 221 ,035 ,88 1,02
17 40 ,88 ,335 ,053 7 98
18 40 ,88 ,335 ,053 17 98
19 40 75 ,439 ,069 ,601 ,89
20 40 ,80 ,405 ,064 ,67 93
21 40 ,78 ,423 ,067 ,64 91
22 40 ,73 ,452 ,071 ,58 87
23 40 73 ,452 ,071 ,58 87
24 40 ,05 ,483 ,076 ,50 ,80
25 40 ,70 ,464 ,073 ,55 ,85
26 40 ,88 ,335 ,053 77 ,98
27 40 ,73 ,452 ,071 ,58 87
28 40 ,83 ,385 ,061 ,70 95
29 40 ,70 464 ,073 ,55 ,85
30 40 ,78 ,423 ,067 ,64 91
Bcero 1200 ,79 411 ,012 ,76 ,81
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