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HccnenoBanu BiIMsAHME JOHOpa OKcuia a3oTa Hutpompyccupa Hatpus (HITH) ma ycToiftunBoCTh
CesIHIIEB COCHBI 00bIKHOBeHHOM (Pinus silvestris L.) x mouBeHHOW 3acyxe (CHMKCHHE BIaXKHOCTH
cyberpata 10 25-30% ot nonHo# BiaroemkoctH). OnpeicknBanne pacrennit HITH B koHIEHTpanmsax
0,2 u 0,5 MM BBI3BIBAIO HEOOIBIIOE YCHIICHHE JIMHEHHOTO POCTa PACTCHUH M HAKOTUICHHUSI OMOMaCCHI
IIPH ONTHMAJBHOM MoyuBe. B ycrmoBusax 3acyxu nonoxurensHoe BausHue HITH B koHIEHTpanusx
mmamazona 0,2-2,0 MM Ha pocT pacTeHHH B BBICOTY U HAaKOIUICHHE CHIPOH M CyXOH OHOMAcCHl OBLIO
Oomee cymectBeHHBIM. [locie neifctBus 10-mHEBHOW 3acyXd BOAHBIA NEPUIHT KOHTPOIHHBIX
pacteHuii cocraBisut okoio 20%, nx obpadorka HITH cHmxkana sToT mokaszarens 1o 10-12%. 3acyxa
BbI3bIBaJla CHI)KEHHE CYMMapHOTO COJEp)KaHHs XJIOPO(DWIUIOB W KAapOTHHOWIOB, a TaKKe
YMEHBIIICHHE COOTHOIIeHUsT xiopodmmuioB a/b, obpabGoTka pacTeHHil TOHOPOM OKCHIA a30Ta
CHOCOOCTBOBaJIa COXPAaHEHUIO Myia (OTOCHMHTETUYECKHX IUTMEHTOB, OJNM3KOTO0 K BEJIMYHHE
BapuaHTa ¢ HOPMaJIbHBIM yBJaxkHeHHeM. Takxke y pacteHui, obpadoranneix HITH, B ycmoBusix
3aCyXM HE MPOUCXOAMIO CHIKCHHSI COAEP)KaHUS aHTOLUMAHOB M (hJIaBOHOWIOB, MOTJIOUIAIONINX B
obmactu Y®-B, koTopoe HaOMOIANOCh Y KOHTPOJbHBIX pacTeHuil. CIelaHo 3aKIIOUeHHE O POJIH
curHaiabHOW MoJekynsl NO B HMHAYIHMPOBAaHWM aJalTHBHBIX DPEaKIMH COCHBI OOBIKHOBEHHOH K
JEHCTBHIO a0MOTHIECKOTO CTPEccCOpa — HOYBEHHOM 3acyXe.

KatoueBnie cioBa: Pinus silvestris, 3acyxa, okcuo azoma, HUMpOnpyccuo Hampus, yCmMoudugocmo,
@omocunmemuyeckue nueMeHmol, AHMOYUAHbL, PAABOHOUODL

3acyxa sBisieTcs HanboJiee 4acTo BCTpe-
YaroIUMCS THIIOM MOTOJHOTO CTpeccopa Ui pac-
TeHUH. 3aCyIIIUBBIC OBl MOBTOPSIOTCS C TEPHO-
nuaHocThIO 1-3 paza B necsatunerne. M xoTs cocHa
OOBIKHOBEHHAs! OTHOCHTENBHO 3aCyXOyCTOMUYMBAS
MopoJia, CTENEHb €€ TOJEPAHTHOCTH K JaHHOMY
ctpecc-pakropy orpanmyena (Kysnemosa, 2010).
OCOoOCHHO YyBCTBUTENBHBI K 3acyXe CEesHIIBI COC-
Hel (Manaenkos, 2009). OguuM u3 Haubosiee (-
(hEeKTUBHBIX MyTEH MOBBIIICHUS 3aCyX0yCTONYHBO-
CTH COCHBI CUHMTAETCSl CENICKI[MOHHOE YIIy4llIeHUE
mocagoyHoro marepuana (BepsyHoB, Mexemnosa,
2007).

B 1O Xe BpeMs B JuTEpaType HaKOILIEH
3HAYUTENIbHBIH 00BEM CBEICHUH O BO3MOXKHOCTH
MOBBIIICHNS] YCTOMYMBOCTU PACTEHUI K HENOCTa-
TOYHOMY YBJIQXXHEHHUIO C IOMOILBIO 3K30I'€HHBIX

Aopec ona koppecnonoenyuu: Kapneu HOpuit Buxkroposuy,
XapbKOBCKUI HAllMOHAIBHBIN arpapHbli YHUBEPCUTET HM.
B.B. JokywaeBa, m/o JlokydaeBckoe-2, XapbkoB, 62483,
Vkpauna;

e-mail: plant.biology.knau@gmail.com

(PM3MOIIOTUYECKN aKTHBHBIX BEIIECTB M UX JIOHO-
poB. K TakuM BemiecTBaM OTHOCUTCS, B YaCTHOCTH,
Hutponpyccun Hatpusa (HIIH) — monop oxcuma
aszora (Galatro, Puntarulo, 2014; Khan et al., 2017;
Singh, Shah, 2017). Omnako  ctpecc-
NpoTeKTOpHBIE ) (EKTH OKCHIA a30Ta U3YYaATUCh
B OCHOBHOM C HWCIIOIIb30BaHUEM apaluioricuca, a
TaK)Ke pA/la TPABIHUCTHIX CEIhCKOXO03SMHCTBEHHBIX
pacteHuii. B gacTHOCTH, COOOMIAETCS O TIOJOXKHU-
TeabHBIX 3PdekTax moHopoB NO Ha pacTeHus
Pa3HBIX BUJOB IIPH OCMOTHYECKOM U JPYTUX abno-
THYeCKHX cTtpeccax (Zhang et al., 2006; Wang et
al., 2007; Tan et al., 2008; Wu et al., 2011; Kaprerr
u 1p., 2011; Krasylenko et al., 2012).

VY CcTaHOBJIEHO, YTO OKCHJ a30Ta MOXKET WH-
JIyIMpOBaTh MHOTHE 3alllUTHBIE peakiuu. Tak, y
TPaBSHUCTHIX PACTEHWH MOKAa3aHO YCHJIEHHE JKC-
MpPEeCCHH T€HOB W TIOBBIIIEHHWE aKTUBHOCTH aHTH-
OKCHJIAHTHBIX ()EPMEHTOB MO BIHSHUEM JIOHOPOB
NO (Tsn, Jleit, 2007; Wang et al., 2010; Kapmerr u
ap., 2011). Mmerorcst cBeneHuss 00 WHAYIIMPOBA-
HUU OKCHJIOM a30Ta HAKOIUIEHHUS NMPOJHUHA U JIPY-
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THUX OCMOTHYECKH aKTHBHBIX BEIIECTB B PACTECHHUSIX
(Ruan et al., 2004; Tan et al., 2008). ITokazano
BJIMSIHUE OKCHJIA a30Ta Ha CHHTE3 (hJIaBOHOM/IOB, B
tom umcie anronuadoB (Palmieri et al., 2008).
DIaBOHOMIHBIC COCIMHCHUS CYHTAIOTCS IIOJH-
(GYHKIIMOHAIBHBIMH TIPOTEKTOPAMHU PACTUTEIBHBIX
KJICTOK, MOCKOJBKY MOMHMO aHTHOKCHIAHTHOM
(GYHKIIMHA MOTYT BBIMOJHSTH POJIb OCMOIMPOTEKTO-
pos (Khlestkina, 2013).

BonpmIMHCTBO yKa3aHHBIX CBENCHHUN MOJIY-
YeHO B TAOOPATOPHBIX IKCIEPUMEHTaX, B KOTOPHIX
JUISL CO3aHUSI OCMOTHYECKOTO CTpecca KOPHEBYIO
CUCTEMY pACTEHUM HHKYOMpPOBAJIM B pacTBOpax
I[I2I. K HacrosimemMy BpeMEHH HWMEIOTCS JIHIIb
eJVMHUYHBIC NTaHHBIC 00 HCIOJh30BaHUM JOHOpA
okcuga aszora HITH kak mHIyKTOpa yCTONYMBOCTH
CEJIbCKOXO3SIICTBEHHBIX PACTCHUIN B MOJIEBBIX DKC-
nepumenTtax (Floryszak-Wieczorek et al., 2006;
Kyx, Mycuenko, 2010; Kapnen u ap., 2015; Kap-
nier;, 2016). B mpenpirymemM cooOmenul HaMu T10-
Ka3aHO TOJOXHUTEIbHOE BIHMSHHE 00pabOTKH ce-
STHIEB COCHBI OHOpOM okcuia azota HIIH nHa ux
YCTOMYMBOCTh K HMH(EKIUOHHOMY MOJIETaHHIO
(Kapmer u mp., 2018). [letictBue xxe mornopa NO
Ha yCTOMYMBOCTH JPEBECHBIX, B YACTHOCTH XBOM-
HBIX, K a0MOTHYECKHM CTpPEecCopaM 0 CHX IIOp
0CTaBaJIOCh HEM3yUCHHBIM.

Henbto HacTosimeit paboThl OBLIO U3yUYECHHE
Bnusinug HITH Ha pocToBhie mpolecchl, mokasare-
JIM BOJIHOTO PSXKUMA U COZCpKaHUE (OTOCUHTETH-
YECKUX MUTMEHTOB U ()JIABOHOUHBIX COCTUHCHUIN
Y CesHIIEB COCHBI OOBIKHOBEHHOH B YCIIOBUSX ITOY-
BEHHOH 3aCyXH.

METOJUKA

Cemena cocHel 0ObIKHOBeHHOW (Pinus
silvestris L.) mist HCKIFOUEHYST BIUSHHS TATOT€HOB
nepes; moceBoM o0pabaThiBaIl HecHeU(pUIeCKuM
(YHIMIUAOM KOHTAKTHOTO JeiicTBust «Makcum
¢dopre» mpousBoactea Syngenta (0,25 r/n Onynu-
okconun + 0,15 r/n Tebykonazonm + 0,1 r/n
Azokcuctpobun). 3ateM cemena o 300 mT. Bbice-
BaIM B IUIACTHKOBBIC KIOBETHI C CyINEcUaHOH Jiec-

HOM TOYBOM (THUI JIECOPACTUTEIBHBIX YCIOBUH
B,nC). CesHipl BeIpamvBaiy TpU TEMIIEpaType
20+ 2°C, OTHOCHTEIBHOH BIAKHOCTH BO3IyXa
60 + 10%, ocBemenHocTu 6 ik (doronepuoxn 14
Y) C YMEPCHHBIM €KEIHEBHBIM IIOJINBOM AJIS ITOJ-
JepKaHUSI OTHOCUTEIBHOHN BIQXKHOCTH CyOcTpara
Ha ypoBHe 70-80% OT MOIHOI BIarOeMKOCTH.

Ha 20-e cyTku nocne nocesa B IOYBY CEsH-
IIbI COCHBI COOTBETCTBYIOIIMX BApUAHTOB OIPHIC-
kuBanu pactBopamu HITH B konmentparusx 0,2,
0,5, 2,0 m 5,0 MM mepen coznanuem 3acyxu. Kon-
TPOJbHBIC PACTCHHS ONPBICKUBAIU JTUCTHILTHPO-
BaHHOU BojoM. [locie 3TOoro B COOTBETCTBYIOLIUX
BapHaHTax CO3JaBali 3acyxy B TeueHue 10 muei
IMyTEM YMCHBUICHUA WHTCHCUBHOCTHU I10JIMBA C I10-
CTENIEHHBLIM CHIDKEHHEM OTHOCHUTEIILHOM BIJIA)KHO-
CTH 104BHI 10 25-30% OT MOJTHOW BIIarOEMKOCTH.

Ha 25-e u 30-e¢ cyTku skcnepumenta (5-¢ u
10-e cyTkm 3acyXud COOTBETCTBEHHO) OMPEACIISIIH
BBICOTY HaJ3eMHOH YacTH pacTeHUH W cojaepiKa-
HUE TUT'MEHTOB.

IIpu onpeneneHun CeIpOM U CyXOM Macchl U
MoKazarenell BOJHOTo OanlaHca M3 KaKaod Ouolo-
TUYECKON MOBTOPHOCTH OoTOMpanu mo 50 cesHieB
(mag3emHasi 4acth). Jns ompeneneHus BOAHOTO
JepuuuTa pacTUTEIbHBIM MaTepral IMOMeNIail B
KIOBETHI C MUCTHIUTMPOBAHHON BOAOW Ha 2 4 0e3
JIOCTyIa CBeTa JJISl TOJHOTO HACBIIMICHUS] TKaHEH
Bojoii (Kaprmerr u ip., 2016).

DOTOCHHTETHYECKHE THUIMEHTHI  (XJIOpOo-
GWUIBL ¥ KapOTHHOMJIBI) O3KCTPArHMpOBaIH W3
Ha/I36MHOW YacTH CESHIEB ATAHOJIOM M OIpeIess-
JM WX COAEpXKaHHWE CIEKTPO(OTOMETPUUECKUM
metogoM (LIneik, 1971). ConepkaHue MUTMEHTOB
BBIPQXKAJIN B MI/T CyXOH Macchl.

Jns ompeneneHus copepxaHust (raBOHOU-
JIOB ¢ MakcuMyMoM norionienus: B Y®-B obnactu
Y aHTOLMAHOB HaBECKH PACTUTEIHLHOIO MaTepHhaja
romorenusuposanu B 1% pacteope HCI B meTano-
ne (Nogues, Baker, 2000). ITocne nenTpudyrupo-
BaHusA romorenara npu 8000 g B Teuenue 15 mMuH
OIIPEAEISTH ONTHYECKYIO TNIOTHOCTh CyNepHaTaH-

Kontpoas Konrpoas HITHO0.2MM HITHO0.SvM HITH2mMM HITHSMM

HOPM. NOJIUB

o BJIMAHUEM 3aCyXH

Puc. 1. Biusinue 10-queBnoii 3acyxu u HITH Ha cocTosiHne cesiHIIeB COCHBbI 00BIKHOBECHHOM.
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Puc. 2. Biusinue HITH Ha pocT B BBICOTY CeSIHIIEB COCHbI 00bIKHOBEHHOH NMPH HOPMAJIBLHOM MOJH-
B€ M B YCJIOBUAX 3aCyXH.
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Puc. 3. Coipas (A) u cyxasn (b) Mmacca pacTtenuii cocHbI 00bIKHOBEHHOM Ha 30-ii 1eHb IKCIIepUMEH-
Ta npu Aeiicteun HITH u 10-a1HeBHOI 3acyxu.

ta mpu 300, 530 u 657 um (Pietrini, Massacci, OKCIIEPUMEHTHl  MTPOBOIIN  HE3aBUCHMO
1998; Nogues, Baker, 2000). Ilpu pacuere cogep- IBaXIbl C YETHIPbMSI OMONIOTHYECKUMH TIOBTOpE-
JKaHWS aHTOLIMAHOB YYMTHIBAIM BEJIMYMHY HECle- HUAMH B KaXgoM. Ha pucyHkax mpuBeIeHbI cpea-
muduueckoro mornomeHus npu 657 um (Pietrini, HWe 3HaYEHWS M UX CTaHAAPTHBIC omMOKH. JlocTo-
Massacci, 1998). BEPHOCTb PA3IUUYUNA OLEHUBAIU IO t-KpuTepuro

CrpronenTa. JlocTOBEpHOHl cuMTanach paszHULA
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Puc. 4. Conep:xanue Boabl (A) u Boaublil nepunut (B) B Haa3eMHOIi YacTu cesiHIIEB COCHBLI MPHU

aeiicreun HITH u 10-xHeBHOI 3acyxu.

npu p < 0,05, pasHuiia Ha YpoBHE TEHACHLMMN —
mpu p <0,1.

PE3YJbBTATHBI U OBCYXJIEHHUE

Ilon Bnmstamem 10-mHEBHOW 3acyxu Oolee
yeM 50% cesiHIIeB KOHTPOJIBHOTO BapuaHTa TepsUin
TyprOPHUCIIEHTHOCTh, B TO BpeMs KaK B BapHaHTax
¢ omnpeickuBanueMm pactBopamu HIIH npusnaku
MOTEPH TYPropa MPOSIBIAINCH TOJIBKO y OTIENb-
HBIX cestHIeB (puc. 1).

Ha 5-e cyrku oT Havana AEHCTBUS 3aCyXH
JIOCTOBEPHOTO €€ BIMSHUS Ha BBICOTY CESHIIEB 10
CpPaBHEHHUIO C COOTBETCTBYIOIIMMH BapHaHTAMU C
HOPMAJIBHBIM TIOJMBOM HE MHPOSBISIIOCH, B TO XK€
BpeMs Ha 10-e cyTku 3acyxu HaOJI01a7I0Ch 3HAYH-
TEIbHOE YTHETEHUE POCTa CESHUEB B BBICOTY B
KOHTPOJILHOM Bapuanrte. [Ipu 3ToM HHTHOUpYIO-
mee BIFSTHUE 3aCyXW Ha CESHITHI C IIPEeIBapUTETh-
Hol 00paboTkoit HITH Bo Bcex BapuaHTax, Jaxe C
ToKcHu4eckor koHmeHtpanued HIIH 5 MM, Obuio
3aMeTHO MeHbImuM (puc. 2). Takxke o00paboTka
HIIH B xonnenTpammsx 0,2, 0,5 u 2 MM oka3biBa-
7a HeOOJBIIIOE POCTCTUMYJIHPYIOIIEE BIMSHUE HA
CESIHILIBI B YCIOBUSX HOPMAJIBHOTO YBIAKHEHHUS.
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[Ipu HOpManmbHOM TONWBE HAOIIOAATIACH
TEHJICHLUS K YBEJIIMUEHUIO CBIPOW U CYXOH MaccChl
Ha/I3eMHOW YacTH CEsiHIIEB B BapHaHTax ¢ oOpa-
6orkoit HITH B xoHnenrpamusax 0,5 u 2,0 MM. 3a-
CcyXa CHUKaja MPUPOCT ChIPOM M CyXOil Macchl BO
Bcex Bapuanrtax. Ommako HITH B HETOKCHYHBIX
KOHIICHTPAIUAX CMSTUYAT OTPHUIIATEILHOE BIHSTHUE
3aCyXM Ha HAKOIUICHHE PACTEHUSIMHU CBIPOU U Cy-
Xou ouomaccel (puc. 3).

IIpy HOpPMaJbHOM IOJIMBE 3HAYUTEIHHOMN
pa3HUIBI MTOKa3aTeNel CoMepyKaHUsI BOJBI U BEIH-
YHHBI BOJHOTO JeQUIMTa B HAJA3EMHON 4YacTH
MEXIy BapHaHTaMH OOHapy>KeHO He ObuIo
(puc. 4). Ilog BiuAHWEM 3aCyXd OTMEYAIIOCH
YMEHBIIIEHUE COJIEP’KaHUS BOJABI BO BCEX BapHaH-
tax onslta. [Ipn sToM HITH B HETOKCHYHBIX KOH-
nenTpanusax 0,2, 0,5 u 2 MM criocobcTBOBaN CO-
XpaHEHUI0 OBOJHEHHOCTH TKAaHEH CesHIEB IO
CPaBHEHMIO C COOTBETCTBYIOLIMM KOHTPOJIEM (pHC.
4, A). Ilocne npeiictBust 10-mIHEBHOW 3acyXu BOJI-
HBIH IeUIHT pacTeHuit cocTaBisii okoio 20%, ux
obpaborka HITH camxkana ero mpo 10-12%, oco-
OenHo 3ameTHBIM ObLT 3ddext o6padoTku HIIH B
kounentparmsx 0,2, 0,5 u 2 MM (puc. 4, B).
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Puc. 5. Biusinne HITH na coaep:kanue xaopoduaios a (A) u b (B) B cesHIax coCHbI 00LIKHOBEH-

HOIi B YCJIOBHSIX HOPMAJILHOT'O MOJIMBA U 3aCyXH.

OpHUM W3 MHTErpaJIbHBIX IOKa3arejen co-
CTOSTHHUSI PACTEHUI B CTPECCOBBIX YCIIOBHUSX SIBIISI-
eTcs coJiepKaHue B OpraHax HaJ3eMHOM 9acTH ¢o-
TOCHHTETHYECKMX NMUrmMeHtoB. C BO3pacToM pac-
TEHUH colepXaHue XJopopuiiaa @ B XBOE IPH
HOPMAaJIbHOM TIOJIMBE, KaK B KOHTPOJIE, TaK U MPH
obOpabotke HITH B pa3HbIX KOHIEHTpalusx, He-
CKOJIBKO CHIDKanoch (puc. 5, A). B To xe Bpems
cama mo cebe obpabotka HITH B KoHIEHTpamusx
0,2 u 0,5 MM BBI3BIBAJIa TEHIICHIIUIO K HEKOTOPO-
MY YBEJIMUYEHHUIO COAEPIKaHHUS ITOTO MUTMEHTA.

Ha 5-e cyTtku 3acyxu KOJHUYECTBO XJIOPO-
(umta a B BapuaHTax ¢ 3aCyXOH CHHXKAJIOCh He-
3HaunTeNnbHO. 10-THEBHAs 3acyxa BBI3BIBAJIA CY-
MIECTBEHHOE CHIDKCHHE ero coaepxkanus. OOpa-
6orka HITH B xonnenrpamusx 0,2, 0,5 u 2 MM 3a-
METHO YMEHbINIAIa OTPUIATEIILHOE BIUSHHUE 3aCy-
XU Ha KOJMYECTBO OCHOBHOI'O (POTOCHHTETHUYECKO-
ro murMenra (puc. 5, A).

Conepxanue ximopoduiuia b nmpu HOpmab-
HOM TIOJIMBE B KOHTPOJIE M BapuaHTax ¢ o0paboT-
koi HIIH B xone skcneprMeHTa CyIeCTBEHHO He
m3MeHsuiock (puc. 5, b). Ha 25-e cytku axcmepu-
MeHTa (5 qHel 3acyxH) KOJIM4ecTBo xiopoduuia b
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B KOHTpOJIC U BapHUaHTaX C 3aCyXOU CYIIECTBEHHO
He otnudanock. Ha 10-e cyTku 3acyxu ero cojuep-
JKaHWE CUJIBHO YMEHBIIIAJIOCh, IIPU 3TOM 00paboT-
ka HIIH Bo Bcem amnama3zoHe KOHLEHTpauuil cro-
co0cTBOBalIa COXpaHEHHIO ero Iyina (puc. 5, b).

CyMMapHOe copepkaHie XJIOpoGHIoB Npu
HOPMAaJIbHOM MOJIMBE HECKOJBKO CHMXaJoch K 30
cyTKaMm skcnepuMeHTa (puc. 6, A). B atux ycrno-
BUAX B BapuaHTax ¢ oOpaborkort HITH B xoHIeH-
tpauusix 0,2, 0,5 u 2 MM cymmapHoe conep:kaHue
XJIOpOo(HILTOB OBLTO HECKOJIBKO BHIIIE, YeM B KOH-
TpoJe. 5-AHEBHAs 3acyXa BIMsJIA Ha COAEp)KaHWE
XJI0pO(MIITIOB HE3HAYUTEIBHO, B TO BpeMsl Kak 0A
BnussHueM 10-THEBHOW 3acyXW OHO 3aMETHO
YMEHBIIAJIOCh, a 00paboTKa pacTeHW JTOHOPOM
OKCHJa a30Ta BO BCEM HCCIIEyEMOM JHara3oHe
KOHIIEHTpAlMii CrocoOCTBOBaJIa COXPAaHEHHUIO 00-
iero myJia xjaopodusuios (puc. 6, A).

CoortHorrenune xiaopodmmios a/b k 30 cyrt-
KaM JKCIIEPUMEHTa MPHU HOPMAJIbHOM IOJIMBE He-
CKOJIBKO CHIDKAJIOCh BO BCEX BapHaHTaxX OIbITA
(puc. 6, b). [locne 5-gHEBHOI 3aCyXU OHO U3MEHSI-
JIOCh HE3HAYHMTENIbHO. B TO ke BpeMs B yCIIOBHSX
KecTkoil 3acyxu (10 CyTOK) 3TO COOTHOIIEHHE
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Puc. 6. Brusinue HITH na cymmapHoe coaep:kaHue XJa0popuiiioB (A) U COOTHOLIEHUE XJI0POphuJ-
J0B a/b (B) B cesiHax COCHbI 00LIKHOBEHHOI B YCJIOBHSIX HOPMAJIbHOTO MOJIMBA U 3aCyXH.

3HAYUTENIHHO YMEHBIIAIOCh, TIPH 3TOM 00paboTKa
pactenuii HITH Bo Bcem ucciieyeMoM Juana3oHe
KOHIICHTPALMIl CIIOCOOCTBOBANIA YBEIUYCHHIO CO-
otHoIeHus xyopopumios a/b (puc. 6, b).

C yBennueHHEM BO3pacTa pacTeHUH conep-
JKaHUe KapOTHHOUIOB y CEAHIIEB MTPU HOPMAJIHLHOM
moJimBe HEMHOro Bo3pactano (puc. 7). Y 30-
THEBHBIX pacTeHWH B BapHaHTax c 00pabOTKOI
0,2, 0,5 1 2 MM HIIH oHO OBLJI0 HECKOJILKO BBIIIIE,
YeM Yy COOTBETCTBYIOIIMX KOHTPOJbHBIX. 10-
JTHEBHAs 3acyXa CHUXaJla COJep)KaHUEe KapOTHUHO-
UJIOB Y CEsSHIEB COCHBL, a 00pabotka HITH Bo Bcem
JMana3oHe KOHIIGHTpAaIMid CrnocoOCTBOBaJIa €ro
COXPAHEHHUIO.

AHTOIIMAHBI OTHOCATCS K MMATMEHTaM, 00J1a-
JAIONIMM BBICOKOW AHTHOKCHIAHTHOM aKTHBHO-
cteio (Neill, Gould, 2003). VM, Hapsiay ¢ KapoTu-
HOUJAMH, MPUHAAJICKUT Ba)KHAs POJb B 3alIUTE
(doTocuHTETHYECKOTO ammapaTa pacteHuii. Kpome
TOr0, OHU MOT'YT BHOCUTBH BKJaJ B MOJJEpKaHUE
OCMOTHYECKOTO JABJICHUSI B KJIETKaX B YCJIOBHSIX
3aCyXH.
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[Ipr HOpMaIbHOM TOJNKBE COJIEPXKAHHUE aH-
TOIIMAHOB B KOHTpose y 25 u 30-gHeBHBIX pacTe-
HUl He orTiuyajock (puc. 8, A). O6padorka HITH
B KoHUeHTpamusax 0,5 u 2,0 MM goctoBepHO mO-
BBIIIAJIA KOJIMYECTBO STHX UTMEHTOB B CESIHLIAX B
YCIIOBUSIX HOPMAJIBHOTO YBIIQ)KHEHUS, 8 TaKKe Ha
5-¢ cyTku 3acyxu. 10-mHEBHAsI 3acyxa BBI3BIBAJIA
3HAUYUTENIFHOE CHIKEHUE COJAEpKaHHWsA aHTOLMA-
HOB B KOHTpOJe, a B CedHIaX, 00paboTaHHBIX
HIIH (0,2, 0,5, 2 u 5 MM), ero IyJI COXpaHsICS Ha
Oosee BBICOKOM ypoBHE (pHc. 8, A).

Copnepxanne «OECIBETHBIX» (IIaBOHOUIOB
MpH HOPMAILHOM YBIIQ)KHEHUH B KOHTPOJIE B XOJI€
HaOJIOIEHNH HM3MEHSJIOCh HE3HAYMTENbHO (pHC.
8, b). [Ipu saTrom o6paboTka HITH B xoHIeHTpaIu-
sax 0,2, 0,5 u 2 MM He BIHsIa Ha UX KOJHYECTBO,
OJHAKO Mo BiusHUEM S MM pacTtBopa qoropa NO
cozmepkanue (hIaBOHOMJOB B HAI3€MHOM YacTH
CesHIEB YMEHbIanoch. 10-qHEBHAS 3acyXa TaKke
CHW)KaJla KOJIMYECTBO ITUX COCIMHEHUH, a 00pa-
oorka HITH B konuenrparusx 0,2, 0,5 u 2 MM
CHocoOCTBOBaJIa COXpaHEHHUIO uXx myina (puc. 8, b).
[Nagenne comep)kaHUS aHTOIMAHOB U OECIIBETHBIX
(ITaBOHOMJIOB B XBOE MOXET OBITH OOYCIIOBJICHO
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Puc. 7. Brusinue HITH nHa conep:xaHue KapOTUHOUJA0B B CeSIHIIAX COCHBbI OOLIKHOBEHHOI MPU HOP-

MaJIbHOM IIOJIMBE U B YCJIOBUSAX 3aCyXH.
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Puc. 8. Bausinne HIIH Ha conep:kanue anTonuaHoB (A) u ¢uiaBoHouaoB (b) B cesHHAX COCHBI
00bLIKHOBEHHOM NMPH HOPMAJIBLHOM MOJIMBE U 3acyXe.

HUX OKHUCIMTENBHON Jerpajnaiueil Moj; BIUSHUEM
ADK, oOpa3oBaHHE€ KOTOpPBIX YCHJIHMBAETCS B
ctpeccoBbix ycnoBusix (Komynaes, Sctpe6, 2015).

B nenomM mnoaydeHHblE pe3yabTaThl CBHIE-

TEIBCTBYIOT O BO3MOKHOCTH TOBBIIICHUS 3aCyXO0-
YCTOHYHMBOCTH CESIHIIEB COCHBI 00pabOTKOM JTOHO-
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pom oxcuna azora HITH. OmnprickuBanme pacte-
Huii HIIH B onTHManbHBIX KOHLIEHTPALUAX CIIO-
COOCTBOBAJIO COXPAHEHHUIO B JIMCTBHSX OOJBILETO
coIepkaHusl BOJBI B YCIOBHSIX €€ HEIOCTaTKa
(puc. 4). He wuckiroueno, yto takod 3¢h¢dext B
OIpeJIeIEHHON CTENeHH MOKET OBITH 00YCIOBIICH
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cnocoOHocThi0 NO  perynaupoBaTh COCTOSIHUE
yereun (Lu et al., 2005). EcrecTBeHHo, 3T0 TIpea-
MIOJIOKEHUE TPEOYeT CHEIUATBHBIX WUCCIICIOBAHUN
Y HE UCKII0YAeT NPYruX (OMOCPEIOBAHHBIX) MeXa-
HU3MOB BITUSTHUSI OKCH/IAa a30Ta Ha BOJHBIN PEKUM
pacTeHui.

Baxasim monoxutenpHBIM dddexTom HITH
ABJISIETCSl COXpaHEHHUe IyJia XJIOpopHIIIOB (B OCO-
OeHHocTH XJopoduiUia &) U KapOTUHOUIOB y ce-
STHIICB COCHBI (puc. 5-7). IloBwImeHHOE comepiKa-
HUE XJIOPOGUITIOB OOBIYHO KOPPENHUPYET C HAKOTI-
JieHHeM OMOMacChl, a yBeJIUUEHHE KOTUYECTBa Ka-
POTHHOMIOB MOXKET MMETh 3HAYCHHUE JUISI 3aLUTHI
(hOTOCHHTETHYECKOTO ammapata B HeOIarompusT-
Heix ycnoBusax (Cuttriss et al., 2004; Gill, Tuteja,
2010). [NonudyHKIMOHATBHOE MPOTEKTOPHOE 3HA-
YeHHe, MO-BUJUMOMY, UMEET M YBEITUYCHHUE B JIH-
ctesix noy BiustareM HITH copepixanus ¢aBoHO-
UJIOB, B T.4. QaHTOIMAHOB, 00IaJarOINX SIPKO BBI-
paKEHHBIM aHTHOKCHAAHTHBIM neiicTBueM (Neill,
Gould, 2003). MoxxHO monarars, 4To cOagaHCHPO-
BaHHAas paboTa MPOTEKTOPHBIX CHUCTEM IpH 00pa-
0orke pactenuii joHOopoM NO cMsiryaia HEraTuB-
HOE BJIMSIHUE HA HUX MOYBEHHOH 3acyxu. Hapsay c
MO3UTUBHBIM BIIMSIHHEM Ha YCTOWYMBOCTH MOJIO-
JIBIX pacTeHHH COCHBI OOBIKHOBEHHOH K 3acyxe
(abuoTtmueckomy crtpeccy), obpadorka HIIH 3a-
METHO TIOBBIIIIANa UX PE3UCTEHTHOCTh K MH(DEKIIH-
OHHOMY TIOJIETAHHIO, BBI3BIBAEMOMY KOMILIEKCOM
rpubHBIX Oonesner (Kapnen u ap., 2018). Takum
o0pa3oM, JOHOp OKCHJIa a30Ta TOBHIIIAET HecIe-
MUQHUUECKYIO YCTOHYUBOCTh COCHBI K CTpeccopam
pa3IMuHONW OpUpOAbl. [ BBISICHEHUS MEXaHU3-
MOB 3TUX 3(QeKTOB HEOOXOAMMBI CHeIHaTbHBIE
WCCIIEIOBAHUSI.
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INDUCTION OF NONSPECIFIC RESISTANCE OF SCOTCH PINE SEEDLINGS

UNDER INFLUENCE OF NO DONOR SODIUM NITROPRUSSIDE.
2. INCREASE IN RESISTANCE AGAINST SOIL DROUGHT

Yu. V. Karpets, M. A. Shklyarevskiy, G. A. Lugova

Dokuchaev Kharkiv National Agrarian University
(Kharkiv, Ukraine)
E-mail: plant.biology.knau@gmail.com

The influence of nitric oxide donor sodium nitroprusside (SNP) on the resistance of seedlings of
Scotch pine (Pinus silvestris L.) against the soil drought (declining of humidity of substrate up to
25-30% of full moisture capacity) have been investigated. Spraying of plants with SNP in concentra-
tion of 0,2 and 0,5 mM caused small intensifying of linear growth of plants and accumulation of bi-
omass at optimum watering. Under the drought condition the positive influence of SNP in concen-
tration range of 0,2-2,0 mM on the growth of plants in height and accumulation of fresh and dry bi-
omass was more essential. After the influence of 10-day drought the water deficiency of control
plants amounted about 20%, their treatment with SNP reduced this indicator to 10-12%. The drought
caused lowering of total maintenance of chlorophyll and carotinoids and also reduction of ratio of
chlorophyll a/b, treatment of plants with the donor of nitric oxide promoted preservation of pool of
photosynthetic pigments close to quantity in variant with normal moistening. Also the plants treated
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with SNP in the drought condition had no lowering of content of anthocyans and flavonoids, absorb-
ing in the wave range of UF-B, which was observed in control plants. The conclusion about the role
of the signalling molecule NO in the induction of adaptive responses of Scotch pine against the in-
fluence of abiotic stressor — soil drought — is made.

Key words: Pinus silvestris, drought, nitric oxide, sodium nitroprusside, resistance, photosynthetic
pigments, anthocyans, flavoniods

IHAYKYBAHHAM HECHEIA®IYHOI CTIMKOCTI CISHIIB COCHHA
3BUYAMHOI JI€I0 AOHOPA NO HITPOIIPYCHUAY HATPIIO.
2. MIJIBULIEHHS CTIMKOCTI 10 IPYHTOBOI TIOCYXHU

10. B. Kapneup, M. A. lIxnsapescekuit, I'. A. Jlyrosa

Xapxiscokuii HayionanvHuu azpapnuti yHieepcumem im. B.B. /loxyuacea
(Xapxis, Ykpaina)
E-mail: plant.biology.knau@gmail.com

JocmimpkyBaiy BIUIMB JJOHOPa OKCUAY a30Ty HiTponpycuny Hatpito (HITH) Ha cTifikicTh cigfHIIB co-
cHu 3Buyaitnoi (Pinus silvestris L.) mo rpyHTOBOT mocyxu (3HM)KEHHSI BOJIOTOCTi cybcTpary ao 25-
30% Big moBHOI BostoroemHocTti). O6npuckysanns pocianH HITH y kornenTpanisx 0,2 1 0,5 MM Bu-
KJIMKAJIO HEBEIWKE ITOCWICHHS JIIHIHHOTO POCTY POCIHH 1 HAKONMMYEHHS 0ioMacH 3a ONTHMAalIbHOTO
noiuBy. B ymoBax mocyxu mosutuBHuil BruB HITH y xoHnentpauisx nianmazony 0,2-2,0 MM Ha
piCT pociuH y BUCOTY 1 HAKOIIMYEHHsI CHPOi Ta cyxoi Giomacu OyB Oinpur icrorHuM. [licns aii 10-
JICHHOT MOCYXU BOIHUI Me(IIMT KOHTPOIBHUX POCIHMH CTaHOBHB Onm3bko 20%, ix o6podka HITH
3HWKYyBaia 1ei nmokasHuk 1o 10-12%. [locyxa BUKIIMKana 3HW)KEHHSI CYMapHOTO BMICTy Xjopodi-
JIB i KAPOTHHOIIIB, @ TAKOK 3MEHIIEHHS CIiBBiAHOLIEHHS XjIopodinie a/b, 06poGka pocauH JT0HO-
POM OKCHIY a30Ty chpusuia 30epeXeHHI0 1MyJly (POTOCHHTETUYHHUX IIrMEHTIB, OJIM3bKOTO 10 BEJIH-
YMHY BapiaHTa 3 HOPMaJIbEHUM 3BOJIOKEHHSIM. Takox y pociuH, 06podiennx HITH, 3a ymoB nocyxu
He BiA0yBayocs 3HWKEHHS BMICTY aHTOLIAHIB 1 )JIABOHOIMIB, IO OTTHHAIOTE y 00nacti Y®-B, ske
CIOCTEPIrajgocst y KOHTPOJIBHUX POCIHH. 3pOOJICHO BUCHOBOK IIPO POJIb CUTHAIIBHOT Monekynn NO
B IHAYKYBaHHI aIallTUBHUX PEaKIiii COCHU 3BHYAiHOI 10 Iii abiOTHYHOTO cTpecopa — IPYHTOBOI I10-
CYXH.

KuarouoBi caoBa: Pinus silvestris, nocyxa, oxkcud asomy, HIMpOnpycuo Hampiw, CMIitKicmo,
omocunmemuuni niemeHmu, AaHMoOYianu, GrasoHoiou
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