Experimental articles

YIOK 581.1:577.15

ITPOTEKTOPHOE JIEHCTBHUE
BPACCHUHOCTEPON 0B HA PACTEHUS ITPOCA
ITPU ABUOTHYECRHUX CTPECCAX

1X appKOBCKMil HAIIMOHATBHBIH arpapHbIil YHUBEPCUTET
umM. B. B. [lokyuaeBa, YKpauHa
E-mail: plant_biology@mail.ru
MuCTUTYT 6M00OPTaHTYECKOH XMMUL
HamuonanwsHOM akagemuu HayK Benapycu, MuHCK
khripach@iboch.bas-net.by

A. A. Baiinep?
IO. E. Koaynaes®
H. B. Illsudenio’
B. A. Xpunau?®

ITonyueno 12.08.2014

Wccnenopanu BausHME OpaCCHHOCTEPOMIOB HA YCTONUMBOCTE pacTeHuit mpoca (Panicum miliaceum L.)
K IIOBPEIKAAIOINEMY IIPOTrPeBy U MOuBeHHOU 3acyxe. IIpenmoceBHasa oopadborka ceman 20 aM pacTBopamu
24-snubpaccuHonanga u 28-roMoOpPaACCUHOINAA YBeJINUNBAJIA IPOIEHT BBIKMBAEMOCTH IIPOPOCTKOB IIOCJIE
BO3JelcTBUA runeprepmuu (Iporpes B BogaHoM TepmocTtarte mpu 47 °C B reuernue 10 muH). Ilox Bauaauem
OpPacCUHOCTEPOUZOB OTMEUAJIOCHh IOBBINIEHNE AKTUBHOCTU AHTUOKCUTAHTHBIX YH3UMOB (CYIEPOKCHUJ-
IUCMYTasbl, KaTajJasbl U TI'BaAKOJIEPOKCHUIA3bI) U CHUIKEHUE COAEP)KAaHUSA MPOAYKTA MHEPOKCUIHOTO
OKWCJIEHUA JUMNI0B MaJOHOBOTO JUAJbAETHAa B IPOPOCTKAX IPOCA IIOCJE TEIJIOBOTO cTpecca. IIpu sTom
IPOTEeKTOPHBIA addeKT 24-sumbpaccuHonanma ObLI 0oJiee CYIECTBEHHBIM II0 CPABHEHHIO C AeliCTBHEM
28-romobpaccuHonga. B ycioBusax MOYBEHHON 3acyxu (CHUMKEHNE BJIAYKHOCTY IOYBEI 10 25% OT mOJIHOM
BJIATOEMKOCTHU) y PACTeHUM, BBIPAIIIEHHBIX W3 CeMsAH, 00paboTaHHBIX 24-3TTMOpPaCCUHOIUAOM, HaOJI0mA-
JINCh COXPAHEeHMe CIIOCOOHOCTH K POCTY U 0oJiee BBICOKAs aKTHUBHOCTb aHTHMOKCHUAAHTHBIX 9H3WMOB IIO
CPaBHEHUIO C KOHTPOJBHBIMU pacTeHuAMUu. CHaesaH BBIBOJ O CYIIECTBEHHON POJU WHAYKIIUU
QHTUOKCHUJAHTHBIX YH3UMOB B pPeajiM3aliy IPOTEKTOPHOTO NeicTBUA OPacCMHOCTEPOMIOB Ha PACTEHUA
IIpoca B YCJIOBUIX a0MOTUYECKUX CTPECCOB U II€PCIEKTUBHOCTH IPAKTUYECKOr0 IPUMEHEHU A IIPEII0CEeBHOM
00paboOTKM UMU CeMSAH JJIS IIPOJIOHTHPOBAHHOI aKTUBAIINY HecIelln(puIecKoll yCTONUMBOCTY PACTEHUMA.

Knrouesvle cnosa: GpacCUHOCTEPOUALI, TUIIEPTEPMUS, TOUBEHHAs 3acyxa, Panicum miliaceum L.

CoriacHO COBPEMEHHBIM KJINMATHUYECKIIM
MOJeJIAM BCJIECTBUE YBEJUUYEHUS COAepsKa-
HUSA YTJIEeKHUCJIOTO rasa B HPU3EMHBIX CJIOSAX
arMoc(ephbl TeMIepaTypa 3eMHOI ITOBEPXHO-
CTU MOJKET IIOBBIIIATHCA 3a KayKAoe IeCaTH-
agerue XXI B. ma 0,4-0,6 °C [1]. Oxkunmaercs
TaK:Ke yBeJHUeHNe YaCTOThI, MHTEHCHUBHOCTU
U TpomoJIKUTEeSbHOCTH 3acyx [2]. B cBasm c
STUM 0COOYI0 aKTyaJbHOCTH IIPHOOpPETaeT IIo-
MCK METOMOB IIOBBLINICHUS HecIeru(puuecKoi
YCTOMUYMBOCTU PACTEeHUI K cTpeccopaMm. IAP-
(hbeKTUBHBIM CPEACTBOM [IJISI 9TOTO MOTYT OBITH
MIPUPOAHBIE COeAUHEHUA U UX HMCKYCCTBEHHBIE
anajoru [3, 4]. B mocienuue necATUIETHS II0-
MUMO «KJACCUUYECKUX» CTPECCOBLIX TOPMOHOB
(abCcII30BOY KUCJIOTHI M 9TUJIEHA) B MUPE MH-
TEeHCUBHO HCCJEeIyeTcs AefcTBue Ha pacTeHus
CaAJMIMITUJIOBOM KWCJIOTHI, JKaCMOHATOB M Gpac-
cunoctepousoB (BC). Ilociegunme mIpoOsBIIA-
IOT OYeHb BBICOKYIO AaKTHMBHOCTb B OTHOIIIEHUU
pPasIuUYHBLIX (GU3UOJOTUUECKUX IPOIIECCOB, UX
IpuMeHeHNe CTAHOBUTCS BAKHBIM 3JI€MEHTOM
arpobuorexHoJoruii [5, 6].

B macTosIiee Bpemsi mpermapaThbl Ha OCHOBE
Opaccunonuna, 24-snmbpaccuHonuzna (IBJI),
28-romobpaccunoauna (I'BJI), 28-mopbpaccuuo-
auna u apyrux BC mox pasHbBIMU TOPTrOBBIMU Ha-
3BaHuAMU npousBogaTca B Kurae, dmonuu, Nu-
nuu, Benapycu, Poccun u gpyrux crpanax [7—9].
IlepcektuBHOCT, BC Kak cpeicTBa [JiA TOBBI-
IIeHUs TPOAYKTUBHOCTH U YCTOMUYMBOCTH Pac-
TEeHUH 00yCIOBJIEHA TaKIKe X HU3KON TOKCUYHO-
CTBIO U 9KO0JIOTHYeCKO 6e3omacHocThIO [10].

ITox meiictBuem BC mHgymupyercs ycCTOM-
YMBOCTh K THUIEPTEPMHUU PaCTeHUIl PasHBIX
TakcoHoMuueckux rpymnma. IIpu oopaborke BC
3aperucTPUPOBAHO KaK MOBBLIIIIEHNE BhIXKIIBae-
MOCTH PACTEHUH P MOTEHINATBHO JeTATIbHOM
IeCTBUY BBICOKMX Temmeparyp [11-14], tak
U COXPaHeHM’e CIIOCOOHOCTH K POCTY IIpu cyobJie-
TaJIbHBIX BBICOKOTEMIIEPATYPHBIX BO3IENCTBU-
ax [15, 16]. Ilokazano Takke yCHUJIEHUE IIO[
pauaHueM BC ycTouMBOCTM Pa3JIUYHBIX BU-
IOB pacTeHuii Kk obesposxkuBanuio. BC cmoco0-
CTBOBAJIM COXPAHEHUIO OJM3KOT0 K HOPMAJb-
HOMY COJIEP:KaHUs BOABI B TKAHAX B YCIOBUIX
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BogHOrO ctpecca [17, 18], nosmoKuTEIBHO
BAUSAIN Ha (POTOCUHTETUUYECKYI0 aKTUBHOCTH
pacrenuii [19]. Ha pacTeHusX OIIEHUIBI IPO-
IeMOHCTPUPOBaHA CYII[eCTBEHHAS COPTOCIIEI -
¢uyHOCTE MO3UTUBHOrO Bauauua BC Ha 3acy-
xoycrorunBocTh [20].

WzBecTHO, YTO OMHOI U3 CTPECCOIIPOTEKTOP-
HBIX CUCTEM, 00eCIIeUNBAIOIINX TIEPEKPECTHYIO
YCTOMUYMBOCTH PACTEHUU K CTPECCOBBIM (haK-
TOpaM PasIUYHON MPUPOABI, ABIAETCS AHTHU-
OKCHUJAHTHAS AKTUBHOCTH COOTBETCTBYIOIIUX
susuMoB [21, 22]. B macTosIiee BpemMsa HaKoO-
IJIEHbl MHOTOUYNCJIEHHBIE JaHHBIE 00 yBejauye-
HUY aKTUBHOCTY YH3WMOB PACTEHUI IO BJIN-
aauem sk3oreHusix BC [15, 19, 23, 24]. Ectb
OCHOBAHU!A II0JaraThb, uTo curuaa BC, Bocmpu-
HUMAaeMbIil KJIETOUHBIMHU PeIlerTopaMu, Iepe-
JaeTcss B TeHeTWYECKHH almapaT ¢ y4acTHueM
aKTUBHBIX (popm Kucaopozaa (ADPK). IIpu satom
ycusenue oopasopanua ADPK, ceazamnoe, oue-
BUIHO, IIPEJKJE BCETO C MIOBBIIIIEHEM aKTHUBHO-
ctu HAJI®PH-okcugassl, IPUBOAUT K aKTHBa-
U COOTBETCTBYIOIINX 9H3UMOB [25].

Bpsanme pabor coobIiaeTcs o0 MoJI0KUTEILHOM
BiauaHT BC Ha aKTUBHOCTD CYTIEPOKCUIIUCMY -
rassl (COM) [15, 19, 23, 26] — eguHCTBEHHOTO
9H3UMA, 00e3BPEKUBAIOIIEr0 CYIEePOKCUIHBIHN
aHunoH-paaukaa [21]. B To ke Bpems Ha pac-
TEHUAX PUCA ITOKA3aHO CHUIKEHUE aKTUBHOCTHU
COIl mon neiticrBuem 24-9BJI mpu 3acojeHuun
[27]. ABTOpPBI IIpeAIIOIaAraioT, YTO Y 9TOr0 BUAA
BC maaynupyooT apyrue 3aliiTHBIE CHUCTEMBI.
Ha pacTeHusax mIleHUITbI BHIABIEHBI COPTOBBIE
pasniuuus B peakinuu Ha 24-9BJI: y Gojee co-
JIEyCTONUYMBOTrO COPTA OTMEUAIOCh OOJIbIIIEe TI0-
BoeImenue akTuBHOCT COJl B oTBeT Ha 00paboT-
Ky BC u nipu ero geficrsuu Ha (OHE COJIEBOTO
cTpecca [24].

B menom, HecMOTPA Ha JOBOJBHO IIPOOJI-
JKUTEJIbHOE WCCJIeLOBaHME CTPECCOIPOTEKTOP-
"Horo nerictBusa BC Ha pacreHus, pes3ysibTAaTOB
UHAYIIAPOBAHUSA AHTUOKCUIAHTHBIX SH3UMOB
KaK BaKHBIX 9JI€MEHTOB IIePEeKPEeCTHOI yCTOI-
YMBOCTHA PACTEHHUH K CTpeccopaM pPasIndHOMN
OpupoAbl IMOKa HENOCTAaTOYHO. B uyacTHOCTH,
9TO KacaeTcAd BUJOBBIX OCOOEHHOCTEN pacTe-
Huit. K umeay HEMHOTMX BUAOB KYJIbTYPHBIX
pacrteHuUii, Ha KOTOPBIX apderTrr BC 10 cux mop
He WCcCcJemoBau, OoTHOocuTcs mpoco (Panicum
miliaceum L.) — BBICOKOypOKaliHadA KPYyId-
Hasg KYyJbTypa, OTJIWYAIONIAACA HJOCTATOUYHO
BBICOKOM YCTONYMBOCTBHIO K HEIOCTATKY BJIATH.
B 10 ke Bpemsa mpu AefCTBUU TMIEPTEPMUN U
JKECTKOM 3acyXM OTMeUYaeTcsa BSHAUUTETbHOe
CHUI)KeHUe ero yposkaiinoctu [28].

ITenpto paboThl OBLIO WCCIETOBAHUE BO3-
MOKHOCTH WHAYIIUPOBaHUSA dK30reHHBIMU BC
YCTOMYUBOCTU PACTeHUIT TPOCa K TUIIePTePMUNT
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¥ IIOYBEHHOM 3aCyXe U BBIACHEHIE YUaCTUI aH-
THOKCULAHTHBIX SH3MMOB B peaju3aluU IIPO-
TeKTOopHOTO Aeiicteusa BC.

Marepuabl M1 METOIBI

Buosorunueckum 06'5€KTOM CIYKUIN PAcTe-
Huda npoca copra KorncrantTuHoBcKkoe. CeMeHa
obeszapakuBaiu, morpy:xasa B 5% -l pacTBop
nepoxcuza Bomopoaa Ha 15 mun. ITocse aToro
WX OIMOJIACKMBAJIY JIUCTUJIJINPOBAHHOMN BOJON 1
OCYIIECTBJIAIMN MHPEAIIOCEeBHYI0 00pPaboTKY my-
TeM norpyskeHus Ha 1 cyT B pacTBopsl 24-9BJI
uau 28-I'BJI pasauuHBIX KOHIIEHTPAINii; KOH-
TPOJbHBIE ceMeHa 00pabaThIBAIU JUCTUJLIN-
DPOBAHHOI BOJOU. 3aTeM ceMeHa IIPOCYIINBAIN
Ha cuTax B TeueHue 1 cyt. [lja ucciaemoBaHUMi
ucnosb3oBaiu BC, cuHTe3upoBaHHBIE B J1abo-
paTopum XuMuu crepousoB MHCTUTYTAa 6GMOOD-
raanueckon xumunu HAH Benapycu.

HetictBue BC Ha TemI0yCTOMYMBOCTH UBY-
YaJii B MOJAEJIbHOM 9KCIIePUMEHTEe Ha 3TUOJIU-
POBaHHBIX IpopocTKax. Ilocise o6paboTKu ce-
maH BC ux npopalnuBaiy B TeUueHUe 5 CyT IpU
Temueparype 22 °C. IIpopocTku IonBepraiun
MMOBPEKIAIOINEMY IIPOTPEBY B BOJHOM YJIbTPA-
Tepmocrate mpu 47 °C B reuenue 10 mun [28].
Yepes 4 u 24 u mocjie TOBPEKIAIOIIETO ITPO-
rpeBa YacThb HPOPOCTKOB HCIIOJIb30BAIHU JIs
OroXUMHUUECKUX aHaam3oB. OCTaJIbHYIO YacTh
BeicTaBasaau Ha cBetT (5 000 sk) u uepes 4 cyT
OIlEHVBAJI OTHOCUTEJNLHOE KOJUYECTBO BBI-
SKUBIIIUX PACTEHUH 10 UX CIIOCOOHOCTHU K POCTY.

Biuaaue BC Ha 3acyx0oycTOMUYMBOCTHL pac-
TeHUIl WCCJIEIOBAJIM B IOUYBEHHON KYJIBTYypeE.
Kourponbubie m ob6paboranabie BC cemena
BBICEBAJIM B IIJIACTUKOBBIE KIOBETHI (IIOYBA —
YEepHO3eM TUIIWYHBIA TAMKEJIOCYTIUHUCTHIN).
BiaxHoCTh cyOCcTpaTa HOAAePKUBAIN Ha YPOB-
He 70% ot mosHoit Baaroemikoctu (IIB), ocse-
mieHue — 7 KJIK, poromepuos — 15 4, remmepa-
Typa 23/19 °C (meHb/HOUYb). 3acCyXy co3maBaau
B TeueHue 6 cyT, HaunHasd ¢ 10-ro JHA BhIpAIIH-
BaHUA PacTeHU, IpeKpalleHneM IoJIUBa C I0-
CTEIIeHHBIM YMEHbBIIIeHUEeM BJIAKHOCTU TTOUYBBI
110 25% ot IIB. ITociie 3Toro BO300HOBJISIN IIOJINB.

Ha 6-e cyT 3acyxu, a Tak:Ke uepes 2 CyT IIO-
cjie BO30OHOBJIEHUS IIOJIMBA DACTEHUU H3Me-
pPAJMU AJIMHY WX HAJ3eMHOU YacTU U OTOMpAaIu
MPOOBI A5 OMOXUMUYECKUX aHAJIU30B.

AKTHUBHOCThP AHTHUOKCUJAHTHBIX 9H3UMOB
OTIpe eI IO MeTOAUKAaM, OITMCAHHBIM paHee
[29]. HaBecku 3THMOJMPOBAHHBIX ITPOPOCTKOB
min 3ejeHbIX JguctbeB (200 Mr) romoreHuU3m-
poBaysiu Ha xojoxy B 10 ma 0,15 M K, Na-
docharHoro 6ydepa (pH 7,6) ¢ mobaBieHuem
9OTA (0,1 mM) u sutuorpeutosa (1 mM). Hia
aHaJIM3a WCIIOJIb30BAJIM CYIEPHATAHT IIOCJE
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neurpudyrupoBanusa romoresara npu 8 000 g
B Treuenue 10 mun opu 4 °C.

Axrunocts COJ (K® 1.15.1.1) ycrauas-
auBaau npu pH peakmuonHoi cmecu 7,6, mc-
MOJb3ysT METOX, OCHOBAHHBIN HA CIIOCOOGHOCTH
9H3MMAa KOHKYPUPOBATH C HUTPOCUHUM TeTpa-
30JIMEeM 3a CYIEPOKCUIHBbIE aHMOHBI, 00pa3yIo-
IIrecs BCJIEICTBUE adPOOHOTO B3aMMOIeiCTBU A
HAIH u ¢penasunameracyabdara. AKTUBHOCTD
karaaasel (KP 1.11.1.6) amaausupoBaau mIpu
pH peaxmnuonnoii cmecu 7,0 IO KOJIUUYECTBY
PAasJIOKUBIITETOCS MMEPOKCUIA BOAOPOIA 32 €1-
HUIY BpeMeHUu. AKTUBHOCTD I'BasiKOJIIIEPOKCH-
masel (KP 1.11.1.7) onpenensau, UCIOJIb3Y B
KauecTBe JOHOPa BOAOPOAa I'BasKOJI, a cydcTpa-
Ta — nepokcun sogopona. C momoiso K-, Na-
docharaoro 6ydepa pH peakmumoHHOII cmecH
moBoauIn 1o 6,2.

Comep:kaHre TIPOAYKTOB TIEPOKCHUIHOTO
okucyaenus aununos (IIOJ) (B pacuere Ha ma-
JIOHOBBIN auanbaeruy — MJIIA) onpenensan mo
peakiuu ¢ Tuo6apobuTypoBoi Kucsoroi [30].

O1BITHI IIPOBOIUIIN B TPEXKPATHOM OMOJIOT -
YEeCKOI ITOBTOPAEMOCTHA U BOCIIPOM3BOAUJIN He-
3aBHUCUMO He MeHee Tpex pas. [Ipu npoBemenun
OMOXMMUYECKHUX aHAJIN30B OJHA IOBTOPSIEMOCTD
mmpexacTaBisaia coboii cpeaHio mpody u3 10 pac-
TeHW, IPU OIeHKEe BBIKMBAEMOCTU W OIIpeje-
JIEHWU JINHBI HAJA3eMHOI YacTU OHAa BKJIOUAJIa
30 pacrennii. Ha pucyHKax ImpeacTaBIeHbI
cpenHVe 3HAUEHUS U UX CTAaHJAPTHBIE OTKJIOHE-
HUA. [JOCTOBEPHOCTh Pa3IMUYNIl pacCUMUThIBAIN
mo t-xpurepuio CrblomeHTa. Kpome ciayuaes,
OrOBOPEHHBIX CIIEI[MAJIbHO, 00CY KIal0TCA pas-
Jaunuus, focrosepubie mpu P <0,05.

Pe3yasTaThl 1 00CysKIeHHE

IIpenmocesunas oopadorka cemsa BC B KoH-
IMeHTPAuAX IOPATKA 10°-10"% M BoI3BIBaSA
MMOBBIIIIEHIE YCTOMUYMBOCTH IIPOPOCTKOB IIPO-
ca K runeprepmun (puc. 1). ITosutuBHbBIE -
dexTer 24-9BJI ObLIM HECKOJHKO BEBIIIE IIO
cpaBHeHuio ¢ meiicreuem 28-I'BJI, omHaxo aTo
pasyinure OBbLIO JOCTOBEPHBLIM TOJBKO IIPU MC-
MMOJIb30BAHUY HAHOMOJIAPHBIX KOHIIEHTPAIIUI.
IIpu sTom 06a BC Hanbosiee s(hpeKTUBHO BINAIN
pu KoumenTpannu 2:1078 M.

B 5—6-1HEBHBIX IIPOPOCTKAX, BEIPAII[EHHBIX
u3 ceMsH, oopadoranunsix 24-9BJI u 28-I'BJI,
oTMevasioch mOBbIIIeHNe aKTuBHOCTH COJL
(puc. 2, A). Yepes 4 u mocJje mporpesa IPOUC-
xoauiyio yBeamuenune aktuBHocTu COJl Kax B
KOHTpOJIe, TaK 1 B Bapuautax ¢ BC, Takue xe
s(dexThl HabJOZAJNCL U Uepe3 24 U IIocJe
IeficTBUA T'MIIEPTEPMUN.

AKTUBHOCTB KaTajasbl B 5—6-IHEeBHBIX IIPO-
pocTKax B BapumaHTax ¢ 00paboTkoii ceman BC

ObLIa HECKOJBKO BBIIIIE, UeM B KOHTPOJIE, O HA-
KO 9TO pasjinyre He ObLIO JOCTOBEPHBIM Ipu P <
0,05 (puc. 2, B). Uepes 4 u mmocje Iporpesa akK-
TUBHOCTD 9H3MMAa B IIPOPOCTKAX KOHTPOJILHOT'O
BaprMaHTa HECKOJbKO yMeHbIasach, a B Bapu-
aHTax ¢ oopaboTkoit BC coxpaHalachk Ha IPeXxK-
HeM ypoBHe. I[Ipu 9ToM pasanuus MexKay Bapu-
aHTaMu 0L gocToBepHEl npu P < 0,05. Yepes
24 4 mocJie IporpeBa aKTUBHOCTD KaTaJjasbl Mo-
BBIIIAJIACH KAK B KOHTPOJIE, TAK ¥ B BAPMAHTAX
¢ BC, HO B mocyieqHUX a0COJIIOTHBIE BeJINYNHBI
opriu Ha 10—12% 6Goabire (puc. 2, B).

B mpopocrkax, BBIpAllleHHBIX N3 CEMSH,
obpaboranubpix BC, Habm0maloch M3MeHEHUe
aKTUBHOCTU I'BasgKOJNepPoKcunassl (puc. 2, B).
Yepes 4 u mocJie AeHCTBUS I'MIEPTEPMUUN aK-
TUBHOCTH SH3MMAa CHUIKAJIACh BO BCEX BapUAH-
Tax ombiTa Ha 10-14%, ogHaxko abGCOJIIOTHBIE
3HAUYeHUA B BapuaHTax ¢ 00paborkoii ceman BC
OBLIM BBIIIE, YeM B KOHTpoJse. Hepes 24 U 1o-
cje MporpeBa aKTUBHOCTH 9H3WMa B KOHTPOJE
u BapuanTax ¢ BC BoccTaHaBJIMBaJIACh OO HC-
XOIHBIX (IOCTpPecCcOoBbIX) BeauumuH. IIpu sTOM
abCcoJIIOTHBIE 3HAUEHNS B BaprMaHTax ¢ 00pabdboT-
Koii cemaH BC 6wz Ha 10—-16% BBIIIE, YeM
B KOHTPOJIE.

Taxum odbpaszom, npemodopadborka cemsua BC
cIIoco0CTBOBAJIA IIPOSIBJICHHUIO 00Jiee BBLICOKOM
AKTHUBHOCTU N3YUYEHHBIX AHTUOKCUIAHTHEIX OH-
3UMOB IIOCJIe JefiCTBUSA HA IIPOPOCTKHU ITOBPEIK-
matorriero mporpesa. O 6oJsiee a(deKTUBHOM
IefiCTBUY MX B IPOPOCTKAX, BHIPAII[EHHBIX U3
ceMsH, obpaboraHHbIXx BC, CBUAETEIHBCTBYIOT
u BeauumHbl comepskauusa MIA. KomumuecTBo
MIOA B 5—6-1HEeBHBIX IPOPOCTKAX B BApUAHTaX
¢ BC 6v110 HUKE, yeM B KoHTpoJe (puc. 2, I').
Yepes 4 u mocae mporpeBa coxep:kanue MITA
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Puc. 1. BpIskMBaeMOCTH MPOPOCTKOB IIpoca
mocie moBpeskaarmero nporpesa (47 °C, 10 mun):
1 — KOHTPOJB;

2-5 — 24-DBJI B kommenTpamuax 2:107%; 2:107%;
2-1077; 210%M COOTBETCTBEHHO;

6—-9 — 28-I'BJI B KoHIeHTpaIUaX 2-10_9; 2-10_8;
2-10_7; 2:10"® M coorsercTenHO

79



BIOTECHNOLOGIA ACTA, V.7, No 5, 2014

A 2 . O KoKTpons
m24- 360

& o 828-TEI

go1

o F

e

¥ g6

F& “

24

E.: 13 4

(&)

10 T T v
1 2 3 4

B 10 OKoxrporms

B24-3EN

@28-TEN

lada

o

Iea FoMeporEAaza (YO e
e /T CHPOTO BeLL(e CTEAMEE)
-3 o«

(=1

B 14 O KoHrpons
& m24- 9B
52!‘13 ®28-TBJ
L=+

&

’; g
o g 1 1
£

(=3
-
g
= 0

o 1
r o OKoxtpo me
249571

£ 8- 825.TEN
gﬁ
2B

B g
§56
< #

g 5
4 - . .
1 2 3 4

Puc. 2. Akrusnocts CO/l (A), kaTanassl (B), rBasgkoanepokcunassl (B) u cogepskanue MIA (I')
B 9THOJMPOBAHHBIX MIPOPOCTKAX Ipoca mnpu aeitctun BC 1 mospeskaaroiiero nporpesa:
1 — KOoHTPOJB 0e3 porpesa (5-cyTourbie TPOpocTKU); 2 u 3 — uepes 4 1 24 U mMocJie TOBPEIKAAIOIIETO IPOrpeBa
npu 47 °C (5- u 6-cyToOUHBIE IPOPOCTKM COOTBETCTBEHHO); 4 — KOHTPOJIbL 6e3 mporpesa (6-cyTouHbIE IIPOPOCTKM)

B IIPOPOCTKAaX BCEX BAPUAHTOB CYIIIECTBEHHO He
M3MeHsJ0Ch, OfHaKo B Bapuantax ¢ BC abco-
JIIOTHBIE BeJIUUYNHBI ObLIM 3HAUUTEJIbHO HUKE,
yeM B KOHTpoJie. Uepes 24 u mocie meilicTBUs
TUIepTepMun HaO0JI0Ja/IOCh IIOBBIIIIEHNE CO-
mepsxkanuda mpoaykTa ITIOJI Bo Bcex BapumaHTax
ombiTa. OMHAKO B IPOPOCTKAX , BEIPAIIIEHHBIX U3
cemsaH, obpaboranHbIXx BC, ocobernno 24-3BJI,
oHO 6bL710 3ameTHO (Ha 10-15% , P <0,05) Huxe,
YeM B COOTBETCTBYIOIIeM KoHTpoJe (puc. 2, I').

B uccinemopanuax sausuusa BC #Ha ycroiiun-
BOCTBH PACTEHUI IMPoca K IIOYBEHHON 3aCyxe MbI
ucnoab3oBaiu 24-9BJI Kak mpemapar, IPOSBUB-
miuii 60JbITyI0 3(PHEeKTUBHOCTh B OMMCAHHBIX
BBIIIIE SKCIIEPUMEHTAX II0 U3YUEHUIO BJIMSAHISI
BC Ha Tenm0yCcTOMYMBOCTE IIPOPOCTKOB IIPOCa.

IlpenmoceBHass obpaboTka cemsan 24-9BJI
HEe3HAUUTEJbHO CTHUMYJHPOBajia POCT pacTe-
HUH B YCJOBUAX HOPMAJbHOTO YBJAKHEHUS
(puc. 3). 3acyxa CyIIecTBeHHO yrHeTaJa POCTO-
Bble mpoiiecchl. IIpu sTom 24-9BJI okasbiBaa
MO3UTHUBHOE BJIHAHNE, KOTOPOE IIPOSBJISIIOCH
Kak Ha CTaJuu 3aCyXH’, TaK U IOCJie BOBOOHOB-
JeHus noyusa (puc. 3).

O6paboTka ceman 24-9BJI ummynupoBaJa
TeHJEHIINIO K moBbIennio akTusuocTu COJI B
JIUCTbAX PACTEHU, He UCHBITABIINX MeUCTBUA
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3aCyXM, OJHAKO 3TOT 3(p(PeKT He OLLI CTATUCTH-
yecku goctoBepHbM mpu P < 0,05 (Tabiuiia).
Ilox BAMAHMEM 3acyXu IIPOUCXOAUJIO CHUMKE-
HUe aKTHUBHOCTU SH3WMMa B JIUCTbAX, IIOCJIE
BO300OHOBJIEHUA IIOJIMBA OTMEUYAJOCH €€ IIOBBI-
mreunne, ogHako aktuBHocTh COJl He mocTura-
Jia BeJIMYUH COOTBETCTBYIOIEro KOHTpoJda. Ha
¢oHe 3acyxu B pacTeHUIX BapuaHTa ¢ o6padoT-
koit 24-9BJI aktuBHocTh COJl 6blna mHa 20%
BBIIIIE, UeM B BapuauTe 0e3 oopadorku BC. Ilo-
IOOHBIE PA3IMYUA COXPAHAINCH U IIOCJIE BO300-
HOBJIEHUS IIOJIWBA.

ITox Baumsuumem 24-9BJI B aucTbAX OTMe-
yajach HECKOJbKO IIOBBIIIEHHAS aKTHUBHOCTD
KaTaja3bl B BapuaHTe 0e3 JeificTBUA B3acCyXWH.
ITocne Bo3melicTBUA 3acyXW aKTUBHOCTH DH-
3UMa CHUKAJacCh 10 CPAaBHEHUIO C KOHTPOJIEM
(za 15%), a mpu BO30OGHOBJIEHUY IIOJUBA IIPO-
WCXOJMNJIO ee IIOBBINIEeHNEe A0 YPOBHS KOHTPO-
Jd. B yclIoBuAX 3aCyXW B JIMCTBAX PaCTeHUH
BapuaHTa ¢ o0paboTkoii 24-9BJI aKTMBHOCTH
KaTasasbl Oblyia Ha 15% BbIlIe, UeM B BAPUAHTE
0e3 o0paboTku mpemnapatom. Ilocjie BO30OHOB-
JIeHUS TIOJIMBa Pas3IuUYnsa MeKAY BapuaHTaMU
YMEHbBIIAJIUCh.

B smcThAX pacreHuii, BBIPAIEHHBIX W3
ceMsAH, obOpaboranubiXx 24-9BJI, aKTHBHOCTL
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Puc. 3. Iuneiinpie pa3Mepbl HAA3EeMHON YaCTH
pacTteHuii npoca npu geiicreun 24-9BJ1
¥ MIOYBEHHOMH 3aCyXH:

A — mocire 6 cyT 3acyxu (BospacT pacTeHuii 16 gHeii);
B — uepes 2 cyT mocjie BO30OOHOBJIEHUA II0JIBA
(Bospact pacrenuit 18 nueii);

1 — KouTpoJb; 2 — 24-9BJI (20 HM);
3 — sacyxa; 4 — 24-9BJI (20 aM) + 3acyxa

rBasIKOJINIEPOKCUAA3bI OblIa BhIIIE, UeM B KOH-
TpoJie (Tabuiia). [Tog BIusAHIEM 3aCyXU AKTHUB-
HOCTh BH3UMA CHU KAJIach, OJHAKO B BapHUaHTe C
mpenobpaborkoii cemsan BC oma mpeBwIlTana He
TOJIbKO 3HAUEHUS BAPUAHTA C 3aCyX0ii, HO U Be-
JIUYUHBI KOHTPOJIA. ITocsie BO30OHOBIEHUA I10-
JINBa aKTUBHOCTH SH3MMAa B BApUAHTE C 3aCyXO0it
MMOBBIMIAJNACH, I PA3INYUSI MEKIy BapuaHTaAMU
CTaHOBUJINCH MeHee 3aMeTHBIMMU.

Kakx m B 5THONIMPOBAHHBIX IIPOPOCTKAX,
B JIUCTHSAX PACTEHUWU IpOCca, BBIPAIIEHHBIX U3
ceMsaH ¢ mpemobpaborkoit 24-9BJI, comep:ixa-
e MJIA Ob110 HUKE, UeM B KOHTPOJIE, TIOUTU
ua 20% . 3acyxa BuI3bIBajIa yCUJIEHNE HaKOILIe-
Husg npoaykra IIOJI ma 22% , npu sTOM B Bapu-
anTe ¢ 24-9BJI oHo OBLTIO MeHee CYIleCTBEHHBIM
(mopanka 5% ). ITocae BOBOOHOBIEHUA TTOJIMUBA
IIPOUCXOAMWJIO CHIIKeHue coaep:xkanus MITA
B JIUCThSAX PAacTeHUM, BHIPAIIIEHHBIX U3 CEMSH,
obpaboranubIx 24-9BJI, B TO BpeMs KaK B Bapu-
aHTe 6e3 00pabOTKHU IIpermapaToM S3TOT dPPeKT
OBbLJT He3HAUNTEIbHBIM.

Taxum obpasom, IIpenmnoceBHas o0paboTKa
ceman mpoca BC okasbIBajia IOJOMKUTEIbHOE
BINAHNE KaK Ha TEILJIOYCTONUYMBOCTD IIPOPOCT-
KoB mpoca (puc. 1), TaKk u Ha 3aCyXO0yCTOHYHU-
BOCTDH 3eJIeHbIX pacTteHuil (puc. 3). OmHoii 13
CTPECCOPOTEKTOPHBIX CHUCTEM, AaKTUBUPYIO-
muxca mon gericrBueM BC, ABadeTcAa aKTUB-
HOCTh AHTHUOKCHUAAHTHBLIX SH3UMOB. O6 sTOM

AKTHBHOCTHh AaHTMOKCHIAHTHBIX 9H3UMOB U coxep:xanue MJ/IA B IncThAX pacTeHuil mpoca
npu geiicteun 24-93BJI 1 mouBeHHOI 3acyXu

Bapuanr ITocxe 6 cyT 3acyxu Yepes 2 cyT nociae BO30OHOBICHUA IIOJINBA
Axrusnocts COJl, yca. ex/(r cyxoro BemiecTBa,/MuH)
KouTposs 343 =5 3397
24-39BJI, 20 EM 352+ 7 358 +6
3acyxa 263 =4 295 +6
3acyxa + 24-9BJI, 20 €M 316 =6 328 +8

AKTHBHOCTH KaTanassl, MMob HyO, /(T cyxoro BemiecTBa,/MUH)

Koutpoisn 20,1+0,3 19,9 = 0,6
24-9BJI, 20 sM 22,1+0,5 21,9+0,6
3acyxa 17,5+0,6 19,8 =0,6
3acyxa + 24-9BJI, 20 aM 20,2 +0,5 21,3 0,7

AKTUBHOCTD I'BaAKOJIMIEPOKCUAA3EI, YCI. ef/(I' CyX0oro BelecTBa/MUH)

Kourpoin 31,1 +0,7 31,0 0,7
24-93BJI, 20 =M 34,3 +0,8 33,8 +0,8
3acyxa 26,8 = 0,8 29,9 +0,7
3acyxa + 24-9BJI, 20 EM 33,0 =0,9 30,4 =0,8
Copepsxkanue MJIA, HMOJIB/T CyXOTO BeIllecTBa
Koutposn 52,56 +1,7 54,3*+1,4
24-3BJI, 20 EM 43,9+ 1,5 43,6 = 1,8
3acyxa 64,5 + 2,2 59,9+ 2,0
3acyxa + 24-9BJI, 20 aM 54,9+ 2,0 43,4 = 3,3
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CBUETEJLCTBYET 06ojiee BBICOKAs aKTUBHOCTH
COJIl, xaramaskl W TBasgKOJIEPOKCUAA3Hl U
MeHbIlee cogepskanue npoaykra I10JI — MITA
B PACTEHUSX ONBITHLIX BAPUAHTOB.

IIpumeuaTesbHO, YTO MOJOMKUTENILHBIE 3(-
dexTsr BC nmpodaBiAaInCch HE TOJBKO HA CTAAUU
TIPOPOCTKOB, HO M Y B3POCJBIX PACTEHUM, WC-
IIOJIB3YEMBIX IIPU U3yueHu 3(hpPeKTOB II0UBEH-
HOIT 3acyxu. B ¢BsA3U ¢ 9TUM MOKHO IPEAII0JIO-
KUTh, UTO IIpeAIoceBHass oopaboTka cemsan BC
OKasbIBajia OIMOCPEIOBAHHOE IIPOJIOHTHUPOBAH-
HOe BJIHSHNE Ha OMOXMMUYECKHE IIPOIeCCHI.
OngHUM 13 MEXaHN3MOB TAKOT'O BIUAHUA MOKET
OBITh U3MEHEeHNe TOPMOHAJbLHOTro OaJjiamca pac-
TeHUH BesaeacTBue obpaborku ceman BC, KoTo-
poe CIoCOOHO TPUBECTH K [OJITOBPEMEHHOMY
W3MEHEeHUI0 WHAYKIIUU BaIUTHBIX MeXaHU3-
moB [31].

3a mocienHee AeCATUIETHE HAKOILICH P
(haxToOB, CBUAETEIBCTBYIOIMUX 00 yUACTUU H-
JOTeHHO TOPMOHAJBHON CHUCTEMBI PACTEHUNA B
peau3anuu POCTCTUMYJIUPYIOIINX U CTPECCO-
npoTeKTOpHBIX 3pderToB BC. IIpu crumy.isa-
Y POCTOBBIX IPOIECCOB OTMEUEHO CUHEePrUye-
ckoe B3aumojetictBue BC ¢ rubbepenmiuHamu,
BC u aykcmuamvu [6]. BC Tak’Ke BBI3BIBAIOT
HAKOILIeHNe ITUTOKUHUHOB B PACTEHUAX; 9TOT
a((peKT cBA3aH KaK C YyCUJIEHUEM UX CUHTe3a,
Tak U ¢ yMeHbIleHueM gerpaznarnuu [31]. O6pa-
6oTka pacrenmuii nmureHunsl 24-9BJI BhI3bIBaIa
yrHEeTEeHUE SKCIIPECCUU COOTBETCTBYIOIIUX Te-
HOB U CHUJKEHMNE aKTUBHOCTHY ITUTOKMHUHOKCH-
nmassl [32].
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VYcranoBieH spdeKT aHTAarOHU3MA MEXKIY
BC u abeniusosoit kucaotoii (ABK) B mporeccax
peryasiiuu sKcupeccuu pajga resos [32]. Aura-
TOHU3M MEKAY dTUMU (PUTOTOPMOHAMU, BEPO-
SATHO, MOXKET IPOABIATHCA U IIPU afaIlTaIUU
pacTteHu#l K OelCcTBUIO cTpeccopoB. Tak, sK30-
reaubiii BC MHAYIIHPOBAJ TEIJIOYCTONUYNBOCTD
TPOPOCTKOB apabuaorcuca KaK AUKOTO THUIIA,
rak u JebunurHeix o ABK [12]. IIpu stom
BbI3bIBaeMbiii BC addeKT MHIYKIMU TEepMO-
ycroiiunBocTu n HakoiaeHusa BTIII-90 (mpore-
WHA TEMJIOBOTO III0Ka) ObLI 60Jiee BEIPAKEHHBIM
Yy MyTaHTOB C IIOHMXEeHHBIM cogep:xkanruem ABK.

Bompoc 00 yuacTuu ropMOHAJIBHOM CUCTEMbBI
B peaju3aliiu CTPECCOIIPOTEKTOPHOTO IeiCT-
BudA BC Ha pacTeHusa mpoca BEIXOAUT 34 PAMKU
HaCTOAIIeHd PadoThI U MOKET ObITH IIPEeIMETOM
CIeIaJIbHOTO UCCJIeOBAHMA.

Takum 00pasoM, MOKA3aHO IIOJIOMKUTEb-
Hoe BaussHue BC Ha ycTOHUYMBOCTL pacTeHU
mpoca K TMIePTePMUUN 1 BOJHOMY cTpeccy. 24-
IBJI oxasbpiBanm 0OoJjiee 3aMETHBIA 3aIUTHBIN
a(dexrT o cpaBHenuio ¢ 28-I'BJI. Ilo kpatinei
Mepe, OJHOI M3 COCTABJIAIOIINX MTPOTEKTOPHO-
ro peiicrBusi BC Ha pacTeHus mpoca saBJIsSeTCS
aKTUBAIUSA aHTUOKCUIAHTHBIX 9H3UMOB. IIpo-
JIOHTUpPOBaHHBIE 3(M(EKThl IIPEII0CeBHON 00-
paboTku cemsad BC MOTyT COyXKUTh OCHOBAHMU-
eM [Jis1 paspaboTKu mmpemapaToB Ha ocHoBe BC
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IIPU BBIPAIITMBAHUY PACTeHUH mpoca B HebGJIaro-
MPUSATHBIX YCIOBUAX.
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HocaimxyBaau BILINB OpacUHOCTEPOIAiB Ha
cTifikicTe pocauu mpoca (Panicum miliaceum
L.) 1o ymKomKyBaJbHOTO IPOrpiBy i I'PyHTOBOI
nocyxu. IlepeamociBaa o6pobka Hacimusa 20 HM
posuunnamu 24-emibpacurHoiny i 28-romobpa-
CUHOJiny 30ijpIyBajsia BifJCOTOK BUXXMBAHOCTI
IPOPOCTKiB micyasa mii rimeprepmii (mporpiB y Bo-
naHomy tepMmocrtati 3a 47 °C mporarom 10 xB).
Ilin BmmBOM GpacHWHOCTEPOIMOB BimzHauaIoCa
OiBUIIEHHA aKTUBHOCTI aHTUOKCUIAHTHUX €H-
3UMiB (CymepoKCUAANCMYTas3u, KaTajasu i r'Ba-
AKOJITIEPOKCHUIA3U) i 3HMIKEHHS BMiCTY IPOLYKTY
MEePOKCUIHOTO OKWCHEHHSA JIIIiTiB MaJIOHOBOTO
Jianbaeriny B IIPOPOCTKaXxX IIpoca IIicasA TeIIo-
BOro cTpecy. IIpu oMYy IIPOTEKTOPHUHN edeKT
24-emibpacuHogiy OYB iCTOTHIIIMM ITOPiBHAHO
3 miero 28-romoOpacuHONIiAY. 3a YMOB I'PYHTOBOIL
mocyxu (BHUMKEeHHS BOJIOroCTi I'pyHTY 10 25% Bin
TIOBHOI BOJIOTOEMHOCTi) y POCJIMH, BUPOIIEHUX
i3 HaciHHA, o0pobseHoro 24-emiopacuHOJiZOM,
BidHaUasoca 30eperKeHHA 3MaTHOCTI O POCTY
i BHUIIa aKTUBHICTH AaHTUOKCUJAHTHUX E€H3UMIiB
HOPiBHAHO 3 KOHTPOJBLHUMH POCJIUHAMH. 3PO-
0JIeHO BUCHOBOK IIPO iCTOTHY POJIb iHAYKIIiI aHTH-
OKCUJAHTHUX €H3MMiB y peasrisallii mpoTeKTopHOI
il 6pacuHOCTEePOiNiB HA POCIUHU IIPOCa 3a YMOB
a0ioTMYHUX CTPeciB i HEePCHEeKTUBHICTH MpaK-
TUYHOTO BUKOPHUCTAHHS IIepPelIoCiBHOI 00poOKU
HUMH HACiHHS IJIS IIPOJIOHTOBaHOI aKTUBAILil He-
crenu@ivHol CTiKOCTi POCTIMH.

Knwuosi cnosa: 6pacunocrepoinu, rimeprepmis,
I'pyHTOBA TTI0cyXa, Panicum miliaceum L.
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The effect of brassinosteroids on the resis-
tance of millet plants (Panicum miliaceum L.) to
damaging heating and soil drought was investi-
gated. The pretreatment of the seeds with 20 nM
of 24-epibrassinolide and 28-homobrassinolide
solutions increased the survival rate of seedlings
after their exposure to hyperthermia (heating
in bath of water ultrathermostat at 47 °C for
10 min). Under the influence of brassinosteroids
the increase in activity of antioxidant enzymes
(superoxide dismutase, catalase, and guaiacol
peroxidase) and the decrease in the content of
lipid peroxidation product malondialdehyde in
millet seedlings after heat stress were observed.
In this case, the protective effect of 24-epibrassi-
nolide was more significant as compared to the
effect of 28-homobrassinolide. In the conditions
of drought (the decrease of soil moisture to 25%
of field water capacity) plants grown from seeds
treated by 24-epibrassinolide exhibited abili-
ty for growth and higher activity of the anti-
oxidant enzymes compared to control plants. A
conclusion concerning the essential role of the
induction of antioxidant enzymes in implemen-
tation of the protective effect of brassinosteroids
on millet plants under abiotic stresses and the
prospects of practical application of presowing
treatment with them for prolonged non-specific
activation of plant resistance was made.
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