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Effect of drought on photosynthetic characteristics, stomatal conductance and water use efficiency
in juvenile pedunculate oak (Quercus robur L.) plants

P.M. Evlakov, A.A. Popova, V.S. Ryzhkova, K.A. Shestibratov, V.G. Lebedev (Voronezh State
Forestry University named after G.FE. Morozov; Institute of Bioorganic Chemistry of the Russian
Academy of Sciences)

Due to anthropogenic activities during the era of industrialization, there was an increase in
the concentration of carbon dioxide in the atmosphere, which led to global climate change. These
effects, i.e., increased levels of atmospheric carbon dioxide, drought and extreme temperatures,
have caused many abiotic stresses, leading to a decrease in the photosynthetic productivity of
crop and woody plants. The effect of a 6-week drought on the parameters of leaf gas exchange
and transpiration in juvenile pedunculate oak plants was studied. The experiment used four
contrasting families of second-year pedunculate oak plants grown in greenhouse conditions
during the 2023 growing season. After cultivating plants under drought conditions, the main
characteristics of photosynthesis were measured, including the rate of apparent CO, assimilation,
stomatal conductance, transpiration rate and water use efficiency, as well as leaf temperature in
the leaf chamber. It has been shown that seedlings experiencing drought are characterized by
a decrease in the intensity of photosynthesis, transpiration and stomatal conductance. Among
the considered offspring of plus trees, families with low and high assimilation capacity for carbon
dioxide absorption are distinguished. Under stress conditions (moisture deficiency), a decrease
in the intensity of photosynthesis is observed for all families against the background of a decrease
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in stomatal conductance (correlation coefficient »=0.8). Among the families under stress,
resistant ones can be identified, the intensity of carbon dioxide assimilation in which decreases to
a lesser extent compared to other genotypes. Families are identified that, under stress conditions,
show a pronounced decrease in stomatal conductance and photosynthesis intensity. Our results
indicate a strong individual genotypic response of trees to a decrease in their moisture supply.

Key words: stomatal conductance, intensity of visible photosynthesis, intensity of transpiration,
offspring of plus trees, pedunculate oak

Bausgnne 3acyxu Ha (poTOCHMHTETHUECKHE OCOOEHHOCTH, YCTHHYHYIO MPOBOAMMOCTH U 3hdeKTHB-
HOCTb HCII0/Ib30BAHHS BOJIbI Y I0BEHWIbHBIX pacTeHuii xyoa yepemryaroro ( Quercus robur L.)

I1.M. EBaakos, A.A. ITonosa,B.C. PeikkoBa, K.A. Illectuoparos, B.T. Jledenen

M3-3a aHTPONOTreHHOW AESITEIBHOCTU B 30Xy WHIYCTPHATU3AIUN ITPOUCXOIUIIO YBEIIHYC-
nue xonueHrpauun CO, B aTMocepe, YTO TPUBENTO K TIIOOATbHBIM M3MEHEHUAM KIIMMATa.
[ToBBIIIEHHBII YPOBEHD YIJIEKMCIIOTO Ta3a, 3acyXa M 9KCTpeMaJbHbBIE TeMIIEPATyPhI SIBISTIOTCS
a0MOTMUYECKUMU CTPECCOBBIMU (haKTOpaMU, BBHI3BIBAIOIIMMU CHUKEHUE (DOTOCMHTETUUECKOIMA
MPOAYKTUBHOCTU CEJIbCKOXO3SIMCTBEHHBIX U APEBECHBIX pacTeHuil. B xome uccienoBaHus
OBbLIO M3YYEHO BIMSHKE 6-HEeIeIbHOM 3acCyXd Ha IMapaMeTphl ra3000MeHa M TPaHCITHPALIMI
JINCTA Y IOBEHWJIBHBIX PaCTEHMI My0a Yepenryatoro. B skcreprMeHTe MCITOTb30BaIM YEThI-
pe KOHTPACTHBIE TTO TPOMCXOXICHUIO CEMbU PaCTeHUI Tyba YepeIryaToro BTOPOTro Toma Ku3-
HH, BBIpAIlIEHHBIC B YCIOBUSAX TEIUIUII B T€UeHUE BereTaimoHHoro neprona 2023 roma. IMocie
KYJIBTUBUPOBAHUS PACTEHUI B YCIOBUSIX 3aCyXU ObUIM U3MEPEHBI OCHOBHBIC XapaKTepUCTUKU
(hoTocuHTE3a, BKIOYAsA CKOPOCTh BUAMMOM accuMuiisiunu CO,, MPOBOAMMOCTD YCTBUIL, MH-
TEHCUBHOCTb TpaHCHUpauu, 3((GEeKTUBHOCTh UCITOJIB30BAHUS BOIBI, a TAKXKE TeMIIEpaTypy
smcra. [TokazaHo, 9TO IJIST CESTHIIEB, MCITBITHIBAIONINX 3aCyXy, XapaKTepHO CHIKCHUE MHTCH-
CHBHOCTHM (DOTOCHHTE3a, TpaHCIMpPAIIMU W YCTBMYHOU TpoBommMmocTH. Cpemnm paccMmarpu-
BaeMOTO TTOTOMCTBA TUTIOCOBBIX IEPEBHEB BBIACISIOTCS CEMBbM C HU3KOM M BBHICOKON acCUMU-
JISSIIMOHHOM CITOCOOHOCTHIO YCBOCHUSI YIJIEKUCTOTHI. B ycioBusix ctpecca (neduinra Baaru)
IJISE BCEX CEMEi OTMEYaeTCsl CHUKCHUE MHTEHCUBHOCTH (DOTOCHMHTE3a Ha (POHE YMEHbBILICHUS
YCTbUYHOM MTPOBOAUMOCTH (KoadbduiimeHT koppessauuu » = 0,8). Cpean sKkcrepuMeHTaTbHbIX
ceMelf MOXXHO BBIIETUTh YCTOMYMBBIC, MTHTEHCUBHOCTD YCBOCHUS YIJIEKUCIIOTO Ta3a y KOTOPHIX
yOBbIBAaET B MEHbLIEH CTENEHU, B CPABHEHUU C APYTMMHU reHotunamu. OnHaKo B TO Xe BpeMs
BBISIBIICHBI CEMbU, Y TIPEACTaBUTENEH KOTOPHIX B YCIOBUSIX 3aCyXM HAOJIOMAeTCs BRIPAXKCHHOE
CHIKEHHE YCTBUYHOM MPOBOAMMOCTU M UHTEHCUBHOCTH (poTocuHTe3a. [TosyuyeHHBIe HAMU pe-
3yJIbTaThl CBUIETEIBCTBYIOT 00 MHAMBUIYAJIbHOI FeHOTUTIMYECKOM peaKIMK IPEBECHBIX pacTe-
HUI Ha yMEHBIIICHUE MX BIar000eCIIeYeHHOCTH.

Kiouesbie ciioBa: 1y0 uepelyarsiii, aOMOTUYECKHUM cTpecc, 3acyxa, yCTbMYHas IPOBOJIMMOCTb,
¢doToCcuHTE3, TpaHCIIMPALIYS, TTOTOMCTBO TUTIOCOBBIX I€PEBbEB, TEHOTUI, YCTOMUMBOCTD
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BBenenne

M3MeHeHue KiauMMmaTa M3-3a TOBBIIIEHUS
TeMIIepaTyphbl 1 YMEHbBIIEHUs KOJIMYECTBA OCa/l-
KOB MPUBOAUT K aOMOTUYECKOMY CTpeccy ape-
BECHBIX U CEJIbCKOXO3SIMCTBEHHBIX PACTEHUNA
BO MHOTMX perMoHax Mupa. B TeuyeHue cBoeit
JKM3HU DPACTeHHUsI MOTYT HMCIBbITBIBATh pa3iny-
Hble (hOPMBbI CTPECCOBBIX (haKTOPOB, TAKUX KakK
3acyxa, KOTOpble OTpUIIATESIbHO BIMSIIOT Ha MX
POCT, BbDKMBaHUE U MPOAyKTUBHOCTH [10]. ITox-
CUUTAHO, YTO aOMOTUYECKHUE CTPECChl CHUXKAIOT
YPOXAWHOCTb CEIbCKOXO3SIMCTBEHHBIX KYJIBTYD
rmpuMepHo Ha 50 % [19].

OnHuM M3 Haubosiee KM3HEHHO BaXKHbBIX
MPOLIECCOB PACTeHUIA, HA KOTOPbIE BJIMSIET TJIO-
OanbHOE M3MEHEHUE KJmMmara, sBiasiercss (o-
TOCUHTE3, KOTOPBIA IIOCTaBJSIET YIJEPON W
SHEPIUlo, HEeOOXOIUMbIE JJIsI OMOCUHTE3a opra-
HUYECKUX COCNMHEHUU, U KOHTPOJUPYET POCT
n paszButue pacteHuii [13, 23]. dorocuHTe3
OYEHb UyBCTBUTEJIEH K HEIOCTATKY BIaroobdecre-
YEHHOCTU U CIOYXUT (DYyHKIIMEH MepBOi JIMHUM,
KOTOpasi MU3MEHsIeTCs TIOJ BO3IACHCTBUEM 3TO-
ro ¢akropa. bojee HM3KasE acCCUMUISILIMOHHASI
CIMOCOOHOCTh CMIOCOOCTBYET YMEHBIIIEHHIO pOCcTa
JINCThEeB U ypoxaitHoctu [4]. Hapymenue ¢oto-
CHUHTe3a Mpu AedUIIUTE BOIBI OTHOCUTCS MO0 K
YCTbUYHBIM, JTM0O K HEYCTbUUHBIM OTpaHUYEHU-
sM. PacTeHMs1 MOBBIIIAIOT CBOI YPOBEHb YCTON-
YUBOCTH, YTOOBbI BBIKWTb B HEOJIArompUsITHBIX
YCIOBUSIX, TPUMEHSISI pa3iuuHble CTpaTeruu,
TaKMe KakK YCTbUYHAsl PEryJissuusl U OCMOTHYE-
cKasi KOppeKTHpoBKa [22]. 3akpbiThe YCTbMII
SBJISIETC. OCHOBHOM peaklLME pacTeHUi Ha
CTpecc OT 3aCyxu. DTa MepBUYHAST peaKLUs JIM-
CThEB Ha 3aCylLUIMBbBIC YCJIIOBUSI TPEAOTBpAILlAcT
MOTEPIO BOJAbI, CHUXXAET TeMIlepaTypy JUCTa U
yBeIMUYMBaeT 3(M(HEKTUBHOCTh YCBOCHUSI BOJbI
[5]. YcTbUYHBIMU OTBEPCTUSIMU PETYTUPYETCST HE
TOJIKO BOAOOOMEH, HO 1 00beM CO,, IOCKOJIbKY
npu 3akpbiTuu ycThull nornomienue CO, u ero
TPaHCIIOPTUPOBKA TaKXe 3aTPyIHEHbBI, UTO MPHU-
BOAUT K YIJIEPOIHOMY TOJIOAAHUIO C MOCTenylo-
LM M3MEHEHUEM JabHEN X TTpolieccoB [21].

HeyctbuuHble orpaHuueHust (poTrocuHTe3a
MOT'YT OBbITh CBSI3aHbI C 00Jie€ HU3KUM CUHTE30M
1 TIOCTYIUICHUWEeM puoyno3o00mcdocharkapook-
cunazaokcureHassl (Pybucko) wiam apyrux me-
Tabommyeckux peakuuii [28]. ITockonbKy do-
tocucteMa Il 1OBOJIbLHO ycTOWYMBA K BOZHOMY
cTpeccy, Ha (hOTOXUMUYECKUE PeaKlMd MOXET
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BJIMSITH TOJBKO CUJIBHBIM BOIHBIN cTpecc [24].
[Tpu cokpalreHnM KOJIMIeCTBa YIJIEKMCIIOTO Ta3a
B JINCTBSIX CKOPOCTb TPAHCTIOPTUPOBKU MPH JIJTU -
TE€JIbHOM M CUJIbHOM BOIHOM CTPECCe CHMXKAeT
€ro KOHIICHTPALIMIO B XJIOPOILIACTaX, TEM CaMbIM
ocaonsas (poTOCMHTE3. YMEHbIIIEHUE CoaepXKa-
Hust CO, B KJeTKax JUMUTUPYET aKTUBHOCTh
caxapo3odochaTcuHTa3bl, HUTpPATPEayKTa3bl U
CITOCOOHOCTH K pereHepalini puoyno3pioncgoc-
(¢ata (RuBP) u unrudupyer Pyoucko [18]. Tuna-
KOMIHAasI MeMOpaHa XJI0pPOIUIaCTOB pa3pyIIaeTcs
O] BO3AEUCTBHEM BOIHOTO CTpecca, YTO OTpH-
LIaTeJIbHO BJIMSIET HA TTUTMEHTHI (DOTOCUHTE3a U
OrpaHUYMBAET EI0 CKOPOCTh [6].

B cTpeccoBbIX yCIOBMSIX, TAKMX KaK HU3-
Kasi TOCTYITHOCTh BOJbI, BBICOKAsl TeMmIleparypa
U OCBEILIEHHOCTh, 3((PEKTUBHOCTh ACCUMUJISI-
uuu CO, cHUXaeTcsl U3-3a BEPOSITHOTO BO3pac-
TaHus GOTOMHTUOMPOBAHNUS [ 14].

JlecHble aKOCHCTEMBI UTPAIOT TOMUHUPYIO-
IIIyI0 POJIb B 9KOJIOTUU U DBOJIOLIMU XKU3HU Ha
3emite. Jleca BBIITOJHSIIOT BaxKHEHIIyIO (PYHK-
LU0 B PEryJMpoOBaHUM MIOOAJIBHOTO KiMMaTa
IOCPEICTBOM UX BO3ICUCTBUS Ha OMOIeOXMMM-
YecKue IMKJIbI, OCOOCHHO LMKJbBI yriepona u
Bonmbl [7]. BaxXHO OLIEHWTH YYyBCTBUTEIBHOCTH
JIEpeBbEB, BBHIPAIICHHBIX B YCIOBUSIX OIpaHU-
YEHHOM JOCTYITHOCTU BOMbI, U IOHUMATh (U3K-
0JIOTUYECKME MEXaHM3MBbI, CITOCOOCTBYIOLINE X
ajanrtaloHHo cnocooHocTu. OIHAKO MME0-
LIMECS Pe3yJIbTaThl, B TOM YUCIe 111 1y0a, CHITh-
HO BapbMpYIOT, a UHOTJA W IIPOTUBOpPEYaT Apyr
nopyry [9, 15, 16, 25].

B cBsaI3M ¢ BBHIIEU3TIOXEHHBIM, 1IEIbIO
MPOBEICHHOTO HaMU WCCJENOBaHUS SIBISLIOCH
paciiMpeHue TpeACTaBICHUN O BIMSHUU I10-
HIDKEHHOM ITOCTYITHOCTM BOIBI Ha ITOKAa3aTesIn
(hu3MOIOrMYecKNX peaknii y IOBEHWIbHBIX pac-
TeHUi1 1y6a yepetryaroro (Quercus robur L.).

OO0BEKTHI M METOIUKA UCCIENOBAHUS

OO0BbeKTaMM UCCIIeIOBaHMS SIBJISIIMCH pacTe-
Hus ayoa yepenryaToro ( Quercus robur L.) CesiH-
1IbI OBLIM BBIPAIECHBI U3 Xeyaell, COOpaHHBIX B
2022 rony ¢ nepeBbeB F1 moToMcTBa TIIOCOBBIX
nepeBbeB IllumoBa neca. JlecocemMeHHasl TuiaH-
Talus SIBJISIETCS HAyYHBIM OOBEKTOM, CO3JaHa
B 1976 roay rmoceBoM XeJyaei, 3aroTOBJIEHHBIX
IOJ KPOHAMU TUTIOCOBBIX I€PEBbEB IO3IHOPAC-
MyCKaIIIEUCsT 1 MTPOMEXYTOUHOI (hopMbl 1yda B
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IIumnoBom secy. MecToHaxoxaeHUe 00beKTa —
BopoHexckast obsnactb, CeMUTYKCKUI JIECHOM
CeJIEKIIMOHHBIN OTBITHO-IOKA3aTeJbHbIM K-
ToMHUK (51°42'47' ¢. m1., 38°57'08' B. 1.). Mare-
PUHCKUE JIepeBbsl U3BECTHOTO TMPOUCXOXKIEHMS
00beMHEHbl B CEMbM, BO3PACT MAaTEPUHCKUX
nepeBbeB cocTaBisieT 40 JIeT, pacIlooXKeHue ae-
pPEeBBEB Ha TJIaHTalMU 5 Ha 5 MeTpoB. B skcme-
PUMEHTE MCIOJIb30BaIM YeThipe KOHTPACTHbIE
10 MPOMCXOXKIECHUI0 CeMbU pacTeHUI ayOa ue-
pelryaToro BTOPOro roja >XU3HU, BbIpallleHHbIE
B YCJIOBMSIX TEILIWI] B T€YEHUE BEreTaliOHHOTO
nepurona 2023 rona.

CesiHUBI ObLIM BbICAXEHbI B KOHTEHEPHI
oobemMoM 411 u BbicoTOir 22 cMm. CyOctpar —
topdsiHas cmecb VELTORF (nipousBonurens —
000 «Beatopd», I1ckoBckast 001aCTh).

B skcrnepuMeHTe MCKYCCTBEHHO CO3/1aBaICh
3aCyIIJIMBBIC YCJIOBUS JUISI POCTa PACTCHUIA, OH
MPOBOAMJICS B IByX BapuaHTax: 1 — OMBIT — MoO-
JmB 30—40 % oT ToJTHOM BJIaroeMKOCTH CyOCTpa-
Ta; 2 — KOHTPOJIb — HOpMaJIbHBIN MouB. O0IIIEe
KOJIMYeCTBO cestHLEeB B onbiTe — 80 . (40 T, —
KOHTPOJIbHBIN BapuaHT, 40 IIT. — 3acyxa).

M3mepeHus razoobMeHa ObUIM TPOBEIEHbI
Ha OJHOBO3PACTHBIX HE OTAEJCHHBIX OT pacTe-
HUS JTUCTBAX Ay0a B YCIOBUSIX TEIUIUIL. Butn nc-
CJIeIOBaHbI MMOOETH TEKYIIETO To/a.

OcBellleHNe PacTeHMl OCYIIECTBIISIOCH C
ITOMOIIIBIO CBETOAMOTHOTO CBETWJIILHUKA Map-
k1 VCSIN-I-180-NW, M3rotoBJieHHOro Ha
HayYHO-TIPOM3BOICTBEHHOM MIPETTPUSTHI
«BopoHeXCKUII 1LIEHTp CBETOTeXHMKU». WH-
TeHCUBHOCTh ocBellleHusi MAP cocrapisia ot
1066 1o 1236 Mmxmonb/M2/c. OmpeneneHue Ta-
paMeTpOB YCTBUYHOM TTPOBOAMMOCTH, TIPOIIEC-
COB TPAHCIMPAIMA U BUIAMMOTO (hOTOCUHTE3A,
TeMrepaTrypbl JUCTa U KOHTPOJb 3a YPOBHEM
oceemmeHuss MOAP Tpum CHATUM TMOKa3aTeneit
MPOBOIMIIM C TOMOIIBIO TTOPTATUBHOM CHCTe-
Mbl U3MepeHusi razooomeHa pacteHuit CI-340
(CID Bioscience, CILA). ®oTocUHTETUYECKHE
XapaKTepUCTU OBUTU OMPEIC/ICHBI 10 UCTEUYCHU U
6 Hemelb C Hayajla SKCIIEPUMEHTa IO BO3Zei-
CTBUIO 3aCyXW B YCIOBHSIX Terwivil. OIIuit BUI
pacTteHMit nyb6a yeperryatoro BO BpeMsl UCCie-
JIOBaHUsI ra3000MeHa JINCTa He OTIAEJIEHHOIO OT
pacTeHusT TIpeCTaBlieH Ha pUCYHKe 1.

v v vupauDaIENEIIA
nporpams
€110, 6akanaspwar,

Puc. 1. Omuii Bun mpoiecca McciaeaoBaHus ra3000MeHa JIMCTa pacTeHU ayoa
YyepelryaToro B ycaoBusx Teruil (aBryct 2023 1)

CTaTuCTHYECKYIO0 00pabOTKY MOJIyYeHHBIX
MAaHHBIX TTPOBOIWIN C TTIOMOIIBIO TTPOTPAMMBI
Stadia. Mcrnosb3oBanu cTaHAApTHBIA TMakKeT
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OMUCATEeIbHON CTATUCTUKU, OJHOMAKTOPHbLII
IHUCIIEPCUOHHBIA W KOPPEISILIUOHHBINA aHa-
JIU3HI.
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Pe3yJIbTaT]>I HCCICeIOBAHUA U UX 06cy)x11eﬂne

Qu3zuonoeuueckue UusmepeHus

Paznuuus OITPECACIACMBIX 3HAYEHUU mapa-
METPOB «YCTbHYHasA ITPOBOAMMOCTL», «MHTCH-
CHMBHOCTb TpaHCIHpallun», <«MHTCHCUBHOCTD

BUIMMOI0 (POTOCUHTE3a» CESTHLEB ay0ba yepeli-
YaTOTO B JBYX BapHaHTaX OIMbITA JOCTOBEPHBI
(P <0,001). INTocTpoenHsle guarpaMmbl box-plot
BapMaHTOB MPOBEAEHHOIO MCCIEI0BAHUS TIpe-
CTaBJICHBI HAa PUCYHKE 2.
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Puc. 2. JlnarpammMbl box-plot N3ydeHHBIX TTapaMeTPOB
ycrbuuHOM npoBoaumoctu (C), nHTeHCUBHOCTU TpaHcniupauuu (E), ”HTeHCUBHOCTU
Bunumoro ¢otocuHTesa (PH) u remneparypsl aucra (Ti) B BapuaHTax omnbITa «<KOHTPOJIb»
(psim 1) m «3acyxa» (psim 2)

IToka3zaHo, 4TO B cpeaHeM ISl CESTHIIEB,
HCITIBITBIBAIOIINX 3aCyXy, XapaKTEPHO CHUKCHUNE
MHTEHCMBHOCTH (DOTOCHHTE3a, TpaHCIIMpalluu
U YCTBUYHOM IpoBogumocTu. OgHaKo pa3dpoc
MUHUMAJIbHBIX U MAKCUMAJIbHbIX 3HAYEHUM TrO-
BOpPUT O HAJIMYMUU NU3MEHUYMBOCTU U UHAUBUIY-
aJTbHOM peaKILMK 0co0ei N3ydeHHBIX CeMEi.
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YCTaHOBIEHO, YTO HAa ACCUMMJISLIMOHHYIO
CMOCOOHOCTDH BIUSIET (haKTOP «CeMbsi», TO €CTh
poucxoxkaeHue ocobdeit. s paccmaTpuBae-
MbIX CeMeil IUIIOCOBBIX NIE€PEBbEB BBIACISIOTCS
CEMbH C HM3KOM U BbICOKOM aCCUMMWJISILIMOHHOM
CIIOCOOHOCTBIO YCBOCHUS YIJIEKUCJIOTHI IMThSIMU
(Tabn.).
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Cembu 339.57 u 233.57 B KOHTPOJILHOM
BapyaHTe OIbITa XapaKTEPU3YIOTCSI BBICOKUMM
nmokasarein (HOTOCHHTETMUECKON aKTUBHOCTH
20+ 1,2 w 22+ 1,6 MkMOJIb/M?/C COOTBET-
CTBEHHO), MPEBBIIIAIOIIMMUA CPEeIHUE 3Hayue-
HUS 1S TIOMyJisiuyMu, paBHoe 18 + 0,7 MKMoJib/
M?/c. YpoBeHb (HOTOCHHTETUIECKON aKTHMBHO-
ctu cemeit 63.12 1 151.1 HUXXe cpeaHero 3Hayve-
Hus. BausHue akTopa «ceMbsi» Ha M3ydaeMblil
rmapaMmerp moctoBepHo (F=6.4; FKPMW? 3,2).
YcrbuuHasi MpoOBOIMMOCTD MOTOKA YIJIEKMCIIOTO
raza B JIUCT y CeMell C BBICOKMM YpoBHeM (o-
TOCMHTETUYECKON aKTUBHOCTW TaKXKe BbIllEe U
cocTtasisieT, ccorBeTcTBeHHO 0,3 + 0,05 1 0,3 £
0,04 momnb/M?/c.

B ycrmoBusix crpecca (meduumTa BIIaTH)
JUIST BCEX ceMeli OTMeJaeTcsl CHUKEHME MHTEH-
CUBHOCTH (oTocuHTe3a Ha (hOHE CHUXEHMUS
YCTBUYHOUW  TMPOBOAUMOCTH (KO3 duiimeHT
koppessiuuu r= 0.8). AHaJOrMYHbIE B3aWMO-
CBsI3U (POTOCHHTE3a M TpaHCIIUPALIMU YCTAHOB-
JIEHBI y 1IEJIOTO psiia CeJIbCKOXO3SIHCTBEHHBIX U
IpeBecHbIX pacteHuii [1—3]. YmeHbiieHue ¢o-
TOCMHTETUYECKON aKTUBHOCTU PH B ycloBUSIX
JneduunTa BIaru B pa3HbIX CEMbSIX TTPOMCXOIUT
HEOJMHAKOBO: CHUXXEHME WHTEHCUBHOCTHU (Do-
TocuHTe3a Ha 67,1 % 3aUKCUPOBAHO IJIST CEMBU
233.57 (yctbmuHast mpoBoauMOCcTh C yMEHBIIM -
nmack Ha 84,6 %), y cembu 155.1 — cHUXXeHUe
Pu Ha 30.3 % (yctbuuHast mpoBoguMocTth C —
Ha 35,1 %); y cembu 339.57 Pu— Ha 14,6 %
(yctbuuHast npoBogumocts C — Ha 36,3 %); y
cembl 63.12 Pu — Ha 18,7 % (ycThbUuYHas TIPOBO-
aumocth C — Ha 43,1 %).

Ha 3HaueHus 3(p(peKTUBHOCTU UCIMOJIb30-
BaHUs Boabl (BDVIB), onpenensiemble KaKk OTHO-
meHue PH/E, 3HauuTebHO BIUSIU MCCACHO-
BaHHbIE (DAKTOPbl — T€HOTUI JepeBbeB AyOa U
JIOCTYITHOCTh BOJBI (Tabil.). ¥ BceX M3YYEHHBIX
TeHOTUIIOB TION JEWCTBMEM HeAocTaTKa Bila-
I'M BBISIBJIEHO Pa3JIUYHON CTEeNeHU yBeJudeHUe
OUB ot 0,1y cemeit 339.57 u 151.1 no 1,6 MMoOIIBL
CO,/monb H,O y renotunos cembu 233.57. Ta-
Kasi UBMEHUYMBOCTb MOXET ObITh O0BbSICHEHA pa3-
JIMYHBIM BJIMSIHUEM 3aCyXU Ha YCTUUHYIO ITPOBO-
JHUMOCTD Y IIMPOKOJMCTBEHHBIX IMOPOJL IEPEBHEB
[11,12].

Cpenu cemeil B yCJIOBHUSIX CTpecca MOXHO
BBIICJIUTh YCTOMYUBBIC, MHTEHCUBHOCTb YCBO-
EHUST YIJIEKHCIOTO Ta3a y KOTOPBIX CHMXKAeTCs
B MEHBIIIE CTENeHW, B CPAaBHEHUM C JAPYTUMHM
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CceMbsIMHU. DTO ceMbt 339.57 1 63.12.

Takum 00pa3oM, Ha OCHOBAaHMMW aHaIM3a
rnapaMeTpoB Tra3oo0MeHa He OTAEJEeHHOTo OT
pacTeHMs1 INCTa 1yba yeperryaToro B COCTOSTHUN
cTpecca M ONTUMAabHBIX YCIOBUI pocTa MOX-
HO BBIIEIUTH KOHTPACTHBIE (DOPMBI: «ILIIOC» U
«MMHYC» CEMbH I10 HanuboJjiee BaxKHBIM I1apaMe-
TpaM ¢oToCcHHTe3a W TpaHcnupauuu. OmHaKo
HE BCE KJIOHBI B YCJIIOBUSIX CTpecca IIPOSIBIISIIOT
3HAYUTEJIbHYI0 aCCUMWISILIMOHHYIO aKTUBHOCTh
ycsoenust CO,. Hanbosiee ananTuBHOM ABISETCS
cembs 339.57, Ube MOTOMCTBO COXPAHSIET BHICO-
KM€ 3HaUYeHUs] MHTEHCUBHOCTU (POTOCMHTE3a U
IOKAa3bIBaCT YMEPEHHOE YBEJIMUYECHNUE COIPOTHB-
JIeHUs ycThull. Takoe (pru3noJoru4eckoe cocTo-
sSIHUE MOXET OBbITb 00€CIIeYeHO WHIAMBUIYaJIb-
HBIMM TeHETUYECKUMU OCOOCHHOCTSIMU, a TAKXKE
MHOKECTBOM aIallITUBHBIX PEAKUUN Y paCTeHUM
nyba, BKJIIOYask CHUDKEHUE YCThbUYHON MPOBOIM-
MOCTHU, yBeJnueHue 3(PHEeKTUBHOCTU UCITOIb30-
BaHUsI BOJbI, a TAKXKE HAKOIIJIEHUE OCMOJIUTOB U
¢duroropmonos |8, 12, 20, 26].

BoIoensiioTcst ceMbH, Y KOTOPBIX B YCJIOBH-
SIX CTpecca HaOIIogaeTcsl 3aMEeTHOE CHIDKEHME
YCTBUYHOM IIPOBOAVMOCTH M WMHTEHCHUBHOCTH
dorocuHTE3a, Kak, Hampumep, cembs 233.57.
Oco0u ¢ Takoil (prU3MOJTOrMIeCKOl peakieil Ha
nIe(UINT BIarv, ¢ OTHOM CTOPOHEI, OyIyT Ooee
3G GEKTUBHO MPOTUBOAECHCTBOBATh 3TOMY HE-
OnaronpusiTHOMY (PaKTOPY, YTO ITOATBEPKIACTCS
nokazaTeJIsMu 110 3(PGEKTUBHOCTU MCITOIb30-
BaHuUs Bojbl (Tads.). Ho, ¢ npyroii cTopoHbl, UX
MPOIYKTUBHOCTh OYJIET CHUXKAThCS 3a CUET Majie-
HUST AaCCUMUJISIIIMOHHO aKTUBHOCTH JIMCTOBOTO
armapara.

B TO ke Bpewmsi yellicKMe yueHbIe B CBOEM
paboTte BBISIBUIU, YTO (POTOCUMHTE3 Ayda CKaslb-
HOTO MOXET YBEJWYMBAThCS MPU BO3ACHCTBUU
YMEPEHHOW UCKYCCTBEHHOW WM €CTECTBEHHOW
3acyxu [27]. TeM He MeHee, OOJNBIIMHCTBO (hH-
3MOJIOTUYECKUX TPOILECCOB, CBSI3aHHBIX C IIO-
[JIOLIEHUEeM yIJIepoda U €ro MCIIOJIb30BaHUS B
(oTocuHTE3€E, UMEIOT TEHACHIINIO K CHIKECHUIO
B ycaoBuUsIX 3acyxu [15, 17].

Koppensyuonnotit anaius

Jlms  BBISIBIGHWSI THUIIA B3aUMMOCBSI3M U
CTEMEHM €€ IIPOSBICHUS MEXIy MW3ydyaeMbl-
MM TIapaMeTpaMM BBIYMCISIN KO3(DOUIIMEHT
Koppensiunu CriMpMeHa JUIsl CISAYIOIIUX Tap
nmapaMeTpoB: 1 — yCTbMYHAsI TMPOBOAUMOCTb—
MHTEHCUBHOCTb ~ BUAMMOTO  (POTOCHHTE3A,
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2 — YCTbMYHasA ITPOBOAMMOCTb—UHTCHCHUBHOCTD
TpaHCIIMpalnu, 3 — MIHTEHCUBHOCTh TPpaHCIIN-
PaMN—UHTCHCUBHOCTL BUIAWMOIO (I)OTOCI/IH—

0,90
0,30
0,70
0,60
0,50
0,40
0,30
0,20
0,10
0,00
-0,10
-0,20

Kos¢d punment xoppemsiunu Crimpmena

Te3a, 4 — TeMrepaTypa JUCTa—OCBEIICHHOCTD,
5 — TemIiepaTypa JucTa—MHTEHCUBHOCTb TPaH-C
nupauuu (puc. 3).

Mapbl U3y4aembix NapameTpos

I KOHTPO/Ib M 3acyxa

Puc. 3. UameHeHue KoadbuliMeHTa KOppesiliuy B 3aBUCUMOCTH
OT BapraHTa onbiTa (3HaYeHue KoaduinenTa Koppesaiunu 0,01—0,30 — cmabast cBA3b,
0,31-0,70 — ymepeHHasi cBs3b, 0,71—0,99 — cunbHast cBsI3b)

OxxuaaeMo BBISBIISIETCS] CUITBHASI U TIpsSIMast
B3aMMOCBSI3b MEXIY YCTBUYHON IPOBOIUMO-
CTHI0O M MHTEHCUBHOCTBIO BUAMMOTO (hOTOCHH-
te3a (r,=0,8 B 00OMX BapuaHTax), a TaKXe ¢
MHTEHCUBHOCTBIO TpaHcnupaumu (7, = 0,7 B KOH-
Tpouie). KpoMe Toro, 1j1s1 ONTUMAaIbHBIX YCIOBUIA
OTMEUEHO HaJlMuhe YMEPEHHOM B3aMMOCBSI3U
MEXIy MHTEHCUBHOCTBIO BUAUMOTO (DOTOCUHTE-
3a M MIHTEHCUBHOCTBIO TpaHcupauu (r,=0,5 B
KOHTpOJie). ¥ KOHTPOJIbHBIX PACTEHUI B OTCYT-
cTBHE AeUIIUTA BIIarM CBSI3b MEXIY TeMIlepa-
TYpO INCTa U UHTEHCUBHOCTBIO TPAHCITUPALIUT
cuibHag (r,=0,7).

I1pn BO3melicTBMM aOMOTUUYECKOTO CTpecca
MPOMCXOAUT M3MEHEHUE CUJIbI CBSA3C. YBeu-
YMBAETCs B3aMMOCBSI3b MEXY YCTBUUHOM TMpo-
BOAMMOCTBIO Y MHTEHCHUBHOCTb TpaHCHUpPaLUU
(koapduument koppessuuu r,=0,7, cBA3b M0-
JioxxuTesibHas ). Hapsiny ¢ yMeHbIlIeHUEM MHTEH-
CHBHOCTHU ra3000MeHa Mpu MaJgeHU YCThUUHOMN
MPOBOIMMOCTA 3TO MOXET OBbITb OOBSICHEHO
HapylleHueM (QOTOCMHTETUYECKUX peakLMid
BCJIEACTBME 3arylleHusl LIMTOIIa3Mbl KJIETOK
Mpu AeuIuTe BOIbI.

Kpome sT0TO0, B YCIOBUSIX 3aCYXU TTPOUCXO-
AT YCUJICHUE B3aMMOCBSI3U MEXKJIY OCBEILCH-
HOCTbIO M TEMIIEpaTypOi JIMCTbEB, YTO HaIlpsi-
MYIO 3aBUCUT OT CHMXEHMSI WHTEHCUBHOCTHU
TpaHCIIMpPaLUUX U HEBO3MOXHOCTHU PEryJIMpOBa-
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HUSI TeMIepaTypbl JUCThEB B YCIOBUSIX CTpec-
ca. OTO MOATBEPXKAaeTcs PEe3KUM Pa300IleHU-
€M CBSI3U TemIlepaTypa JIMCTa—UHTEHCUBHOCTh
tpaHcnupauuu (r,=0,7 B KoHtpose; r=-0,1 B
YCJIOBUSIX 3aCyXU).

BoiBoabl

B 1iesiom F2 nmotoMcTBa MIIIOCOBBIX IEPEBHEB
nyba yepenryaToro MposiBISIIOT 3aKOHOMEPHYIO
peaxkuuo Ha Je(UIIUT BIarv: HaOJII0gaeTCsI CHU-
XKEeHME YCTbUYHOI IIPOBOIMMOCTH, CKOPOCTHU
TpaHCIIMpauuy 1 (pOTOCUHTE3A.

JI1st pM3MOOrnuecKMX peaKkinii TOTOMCTBA
BbISIBJIEHA U3MEHUYMBOCTD, IIPY 3TOM IIpeACTaBU-
TeJIM HEKOTOPBIX CEMEil MOTYT OBITh OXapaKTepu-
30BaHbl KaK IMOTEHLIMAJIbHO BBICOKOIIPOIYKTHUB-
HbIe (BBICOKAsI MHTEHCUBHOCTh (DOTOCHHTE3a), a
TakKe MEeHee IMPOAYyKTUBHBIE (HU3Kas U YMepPeH-
Hasi MTHTEHCUBHOCTB (poTocuHTe3a). Kpome 310-
ro, DOMNOJIHUTEJIBHOM XapaKTePUCTUKOU CeMEU
SIBJISIETCS adalTUBHBINA MOTEHLMAJ, MO3BOJISIIO-
LM B YCJIOBUSIX CTpecca He3HAUUTEIbHO CHU-
KaTh MHTEHCUBHOCTH (DOTOCHHTE3a (HamgeHue
rokasareneit MeHee 20 %). Takoe dousmomnormye-
CKO€ COCTOSTHHE MOKET OBITh 00eCTIeYeHO NHIM -
BUAYaJIbHBIMU T€HETUYECKMMU OCOOEHHOCTSIMU.

brina BbIsIBIIeHA cuiibHas M TpsiMasi B3a-
MMOCBSI3b MEXIY YCTBUYHON ITPOBOAMMOCTBIO
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M WHTEHCHUBHOCTBIO BHUIMMOTrO (hOTOCHHTE3a
(r,=0,8 B 00OMX BapMaHTax), a TAKXKe C UHTEH-
CMBHOCTBIO TpaHcnupauuu (r,=0,7 B KOHTpOIE).
[Tpu onTUMAaIBHBIX YCIIOBUSIX BJIAaroo0ecrieyeH-
HOCTU OTMEUEHO HAJIMUYMe YMEPEeHHOI B3aMOC-
BSI3U MEXIy MHTEHCUBHOCTHIO BUAMMOIO o-
TOCHMHTE3a M WHTEHCUBHOCTBIO TpaHCIHpaLNU
(r,=0,5). B ycoBuaX 3aCyXu MPOUCXOMUT yCH-

JICHUE B3aMMOCBSI3U MEXIY OCBELICHHOCTBIO U
TEeMITepaTypoii TUCTHEB, UTO HAMIPSMYIO CBSI3aHO
CO CHUXKEHUEM WHTEHCHUBHOCTH TPAaHCIUpPAIUU
1 HEBO3MOXKHOCTbBIO PEryJIMPOBAHMS TEMIIEpATY-
PBI JINCTBEB B YCIOBHSX CTpecca.

Hccnedosanue evinoaneno 3a cuem epanma
Poccuiickoeo uayunoeo @ounoa Ne 22-64-00036,
http.//rscf.ru/project/22-64-00036/.
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