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Uenb. Lenb pabombl — uccriedosaHue hyHKUUOHUPOBaHUS aHMUOKcuOaHmMHoU cucmemb! 3auumai
pacmeHuli Hyma b6apaHbez20, 8bipallieHHbIX U3 y-0b65TyYeHHbIX CEMSIH 8 YCII08USIX COIe8020 cmpecca.
MemoOdsl. Ucrionb3osaHbl Memodbl onpedeneHusi akmueHOCmMU aHMUOKCUOaHMHbIX ¢hepMeHmos.
Pesynbmamai. [Tony4eHo, 4mo 8 yCriogusix coneso2o cmpecca aHmuokcudaHmHble hepmeHmbl y-
HKYUOHUPYOM 83aUMOC8513aHHO U KOOPOUHUPOB8aHHO. BbleoOdbl. BbixusaHue npopocmkoe Hyma 6a-
paHbe20 8 coresbiX ycrosusix obecneyugaemcsi crnaxeHHolU pabomoli cucmeMbl aHMUOKCUOaHMHOU
3auumel.

Knroyeenie cnoea: Hym 6apaHutll (Cicer arietinum L.), npedrnocesHoe obry4yeHue ceMsiH, coneeol
cmpecc, aHmuoKcuOaHMmMHbIe hepMeHMbI.

BeAeHue. 3HaunTenbHble ycrnexu B pagvobuonorumn, HanpasneHHble Ha BblCHEHWE

dm3nyecknx n GUOMOrNYeCcKnx NPoLeCCoB, MPOTEKaWMUX B PpaCTUTENbHOM OpraHu3me
noA BAUSHMEM PagnoaKTMBHOIO U3MyYeHUs ABMASOTCA NPeanochinkaMm Ans UCNonb30BaHNs
y-06nydeHunsa n anst npeanoceBHOM NOAroToBKM cemsiH (YyptoknH, MepacbkuH, 2013). B yac-
THOCTM, MOKa3aHo, YTO MpeanoceBHOE Y-ObnyyYeHne ceMsiH OTKPblBAaeT BO3MOXHOCTW AMns
peLleHNs TakMx BaXKHbIX arpo3KOMOrMYecKnx M coumanbHO-IKOHOMUYECKMX Mpobriem, Kak
yBenu4yeHne npoayKTUBHOCTU pacTeHui, NpegoTBpaLleHne 3arpsa3HeHns oKpyxatoLlen cpe-
Abl, CHWKeHne cebectommocTun npogykumm un T. a. (NesuH, 2000a). YcTaHOBNEHO, YTO Takas
obpaboTka cemsaH AaeT pesynbTaTbl CpaBHUMbIE C 06paboTKON XMMUYECKMMU NpenapaTaMmu
(JleBnH, 20006). NccnepoBaHve CTUMyNUpytOLLEro 4eNCTBUSA OTHOCUTENBHO ManbiX 403 pa-
Avaummn nokasarno, 4YTo nocrne y-obnyvyeHus ceMsiH pacTeHue cTaHOBUTCA Gonee ycTonyu-
BbIM Kak K gencTteuio bonblimx go3 paguauum (Kynukos u gp., 1971), Tak n K SENCTBUIO XU-
Muyecknx areHtoB (Wolff et al., 1988).

HecmoTpsA Ha O4YeBMAHYIO 3HAYMMOCTb Y-0BMy4YeHuss cemMsiH, MHOro BOMPOCOB €elLle OC-
TalTCA HepelweHHbIMU. B yacTHOCTW, B nuTepaType MmMeeTcs Mano AaHHbIX O BIUSHWUM Y-
06paboTkn cemMsiH Ha PYHKLUMOHMPOBAHNE aHTUOKCUAAHTHOW 3alUMTbl pacTEHUA B YCNOBUSIX
pasHbIX CTPECCOB (B TOM YncIe, CONeBoro).

Llenbto gaHHon paboTbl ObiNo mMccnegoBaHne OYHKLUMOHUPOBAHWMSA aHTUOKCMAAHTHON
CUCTEMbI 3alUMTbl pacTeHuWn HyTa GapaHbero, BbIpallEHHbIX M3 Y-OOMy4YeHHbIX CEeMSH, B
YCIOBMSIX CONEBOro cTpecca. AKTyanbHOCTb U3y4EeHNsI CONEBOro cTpecca obycnoBneHa Tem,
YTO HEManasi 4acTb MOYB Hallew pecnybnukM ABMSKTCA HENNOAOPOAHbIMM U3-3a 3acofeH-
HocTu. Kpome Toro, 3acorneHvne no4vB XapaKTepHO He TONbKO ANiS Hawew pecnybnvkn, oHO
aBnseTcsa npobnemoii rmobansHoro macwrtaba (Ashraf, Harris, 2013).

Mcxopsa n3 Takux coobpaxkeHuin, B 3To paboTe npeacTaBneHbl pesynbTatbl U3y4eHus
BMMSHWSA CONEBOro CTpecca Ha PocT M pa3BuTue HyTa GapaHbero, cemeHa KOTOpOro nepes
NMoceBOM NOABEPINUCE pasHbIM Ao3aM Y-00nydyeHusi. dPusnonormyeckoe COCTosiHWE uccrie-
AyeMbIX pPacTeHWI OLeHMBanM Ha OCHOBE OLEHKW aKTMBHOCTW aHTMOKCUMAAHTHbIX depMeH-
TOB.
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BnusiHue npednoceeHo20 0651y4eHUs1 ceMsiH Ha cosieycmoliyueocmb Hyma 6apaHbe20

MaTepVIa.ﬂbl n MetToabl

O6bekT uccnepgoBaHus — HyT GapaHuin
(Cicer arietinum L.) — opgHoneTHee pacTeHue,
OoTHOCUTCA K cemencTBy 6060Bble (Fabacie). Bbib-
paH MecCTHbIi copT HyTa «Uqu neney», BbiBeOEH-
Hblh B AsepbangxaHe. CemeHa nepepn NOCEBOM
noasepranu Bo3gencTaumio y-obnyvyennst B osax 1,
5, 10, 50 n 100 Mp. MoLHOCTb A03bl BO BCEX CIy-
yasax coctasnsana 0,048 p/cek.

O6opygoBaHue — WCTOYHUK Y-M3nyye-
Hua — *°Co, ueHTpudyra tTuna HIMAC-CT 15 RE
(United Kingdom), cnektpocotometp Tuna JEN-
WAY — 67 Series (United Kingdom), ananekrtpu-
yYeckun cenapaTtop COJ1-1, Bnaromep 3epHa Pa-
yHa-M, TepmocTaT, kamepa (bUTOTPOH) AN Bbl-
paLnBaHUsi NPOPOCTKOB.

YcnoBus BbipalmBaHusa pacteHusA. [pobbl
ceMsiH HyTa GapaHbero cenapupoBanu anekTpocena-
paTopoOM M BaHOCTb NPOObI CEMSIH M3MEpPSAnu an-
anbkomeTpom. [na aKkcnepmmeHToB oTOOpaHbl ce-
MeHa, BNaXXHOCTb KOTOpbIX cocTaBnana 16—17 %.

OTobpaHHble CeMeHa HyTa BblpawimBanu B
TemMHOTe (B TepmocTtaTe, B Yawkax [letpwn). OJanee
4-X OHEeBHble MPOPOCTKM BMECTE C €ro KOHTPOfb-
HblM 06pa3LOM NepeHocKnM B Nocyay C pacTBOPOM
NaCl B koHueHTpauusax 1, 5, 10, 50, 100 mM u no-
Melwanu B kamepy (putoTpoH) ¢ 12-Tm yacosou
NPOOOIMKMUTENBHOCTBIO OHA U Houn. TemnepaTypa B
Kamepe gHem cocTaBnsana 23 + 1°C, a Houblo
15+1°C. C nomolbio FIIOMUHECLIEHTHOM naMnbl
co3faBanv HeobxoduMMble YCMOBUS OCBELLEHUSA
(37,6 BT/MZ). BnaxHocTb B kamepe OHeM Obina
55 %, a Ho4bto 70 %.

B kaxgom cocyge 6bino no AseHaguaTb pac-
TEHUI.

OnpepgeneHve aKTUBHOCTU ackopbarnep-
okcuaasbl (AMO). AktueHocTte AMNO (K 1.11.1.11)
onpenensanu cornacHo HakaHo n Acaga ¢ ucnone3o-
BaHWEM KoahpumumeHTa MoNekynspHOM aKCTUHKLNN,
paBHol € = 2,8 MM™ cm™ (B Mmorib/(2-muH)) (Nakano,
Asada, 1981).

OnpepneneHve akTMBHOCTU Katana3sbl (KAT).
Ons onpepeneHus aktusHoctv KAT (KO 1.11.1.6)
MCMonb3oBann MeToauky, paspaboTaHHyto B paborte
Kymap n Knoenec (Kumar, Knowles, 1993). Axktus-
HOCTb paccyuTbiBanM B MMOJIb/(2-MUH) Ha OCHOBE
Koo pumumeHTa MONAPHOM IKCTUHKLWUW, PaBHOW € =
39,4 MM*-cm™,

OnpepgeneHve aKTUBHOCTUM cCynepoKkcua-
aucmyTasbl (COM). AktueHoctb COL (K® 1.15.1.1)
onpenensinu OTOBOCCTAHOBNEHNEM HUTPOTETpA-
30/IMEBOTO CMHEr0 Ha CBETY B MpPUCYTCTBUM pubo-
dnaBuMHa U MeTUOHWHA. 3a efuHMLY aKTUBHOCTU

npuHnmanu 50 %-Hoe wHrMbnpoBaHne obpasoBa-
Hus chopmasaHa (Kumar, Knowles, 1993).

OnbITbl  NpoBOAMNM B TpeEXKpaTHoOW OBuo-
riorMyeckon MOBTOPHOCTW. [pyrMmun crnosamu, Bce
OMbITbl MO BbIPALUMBAHUIO PACTEHUNA B MAEHTUYHbIX
YCrOoBUMSIX MPOBOAWUNY B TpK pa3sa (B pa3Hoe Bpemsi).
Cratuctnyeckyto obpaboTKy npoBOauMnM C Mo-
MOLLIbI0O METOAOB BapWaLMOHHOW CTaTUCTMKW. 3Ha-
YAMOCTb pPas3nNMyMA  KOHTPOSbHBbIX W 3KCMepw-
MeHTarbHbIX pe3ynbTaToB OLleHMBanM npu NOMoLLm
t-kputepua CrbtogeHta (JlakmH, 1990). Pasnuuusa
cynTanu gocToBepHbiMu npu |t | > 2 (p < 0.05).

Kpome Toro, kaxabli onbIT NpOBOAUNU B Tpe-
XKpaTHON aHanuMTU4YecKoW MNOBTOPHOCTU: aKTUB-
HOCTb (DepMEHTOB onpefenanu gns Tpex napan-
nenbHbIX 00pa3uLoB, B3SITbIX M3 OOHOrO M TOrO Xe
cynepHaTtaHTa. YKasaHHble Ha pUCyHKax OTKIOHe-
HUS1 ABMAKOTCHA CpefHEKBaAPaTUYECKUMN.

Pe3ynbTtaTthl  06cyxaeHue

UccnepoBaHue BNuAHMA y-obny4veHus ce-
MSIH Ha POCT U pa3BuUTUE HyTa GapaHbero.

[ns oByxHedenbHbIX pacTeHuin HyTa bapaHb-
€ro, Mory4YeHHbIX U3 0BNyYEHHbIX CEMSIH, YCTaHO-
BMeHbl J0303aBNCHMbIE pasnuyns B pocTe M pas-
ButuK (puc. 1). MNMpu gose obnyyeHus pasHon 1 Mp
MMENo MecTO CTUMYNMPOBaHWE pas3BUTUS pacTe-
HuR, a B go3ax 50 n 100 Ip, HanpoTmB, y-06ny-
YeHne MNpUBOAWIMO K MHIMOMPOBAHWMIO Pa3BUTUS:
npu gose 50 'p pocT M mMacca cyxoro BeLlecTBa
pacTeHnsa ymeHblanuck Ha 40 %, B cpaBHeHUM ¢
KOHTPOSibHbIM BapuaHToM, 100 'p — cooTB., Ha
78-80 % (Tabn. 1). MNMpu gose obnyveHns 5un 10 I'p
POCT U pasBUTUE pacTeHUst Mano OTnM4anucb OT
KOHTpOnbHOro obpasua.

5Tp 10Tp 50Tp 100Tp |

Puc. 1. [iByxHefenbHble pacTeHusi 0bnyYeHHbIX CeMsiH HyTa
6apaHbero.
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Ta6bnuua 1. BnusiHne o6nyyYeHns v 3aconeHust Ha PocT U Maccy CyXOoro BellecTBa ABYXHedesnbHbIX pacTe-

HWW HyTa
B ycnoBusx B ycnoBusx
[osa obny4yeHus cemsiH KoHueHTpauus COJIeBOro cTpecca
obny4eus, 'p PocT, % Macca, % cony, MM PocT, % Macca, %

K 100 100 K 100 100

1 115 110 1 70 70

5 98 98 5 40 40

10 98 101 10 10 10
50 60 60 50 - -
100 22 20 100 - -

MccnepgoBaHue BNUsiHMsA coneBoro crtpec-
ca Ha pocCT ¥ pa3BuUTUe HyTa 6apaHbero.

3amegneHve pocta M pasBUTUS pacTeHu B
YCNOBUSIX CONMEBOro CTpecca MoKa3aHo Ansi pasHbIX
pacteHun (Alwan et al., 2015; Kaholi et al., 2014;
Tsegay, Gebreslassie, 2014). AHanornyHoe BnMsaHUE
OENCTBKS CONEBOro CTPecca npu BCeX UCCneayembixX
KoHUeHTpaumax (ot 1 go 100 mM NaCl) nonyyeHo
HamMu Onsa OBYXHEAENbHbIX PacCTEHWUIN HEOOTy4YEHHbIX
cemsH HyTa (Tabn. 1, puc. 2).

: = = -
| = ‘m m.lu

Puc. 2. [IByxHeenbHble pacTeHUs1 HEOBYYEHHbIX CEMSIH HyTa
GapaHbero, npouspactatowme B conesbix pactBopax NaCl
pas3HOW KOHLEHTpaLumu.

BuaHo, 4TO coneBou CTpecc BO BCEX KOHLEH-
Tpauwmsx (o1 1 go 100 mM NaCl) npusoguT K nsme-
HEeHMO pocTa u pa3sutus HyTa. [pu 3TOoM C yBe-
NNYEHNEM KOHLEHTpaumum conm pocT M pasBuTue
NPOPOCTKOB 3aMeTHO 3ameansetcs. [lpuBnekaet
BHMMaHMe TOT haKT, YTO COMb MPU KOHLIEHTpaL MK
1 MM 3ameTHO BnMSieT Ha POCT U pas3BUTME HyTa
OapaHbero. OpHako [JanbHenwee yBenuM4eHue
KOHUeHTpaumm conn ot 1 go 10 MM npuBoauT K
CUIMbHOMY MHIMOMPOBAHMIO pocTa U pa3BUTUSA pac-
TeHns, a npn 50 n 100 MM coneBbix pacTBopax
pasBUTUE pacTEHNS NOYTU OCTaHaBNMBaETCS.

PesynbTatel No onpegeneHuto pocrta U mac-
Cbl CyXOro BeLLeCTBa ANsi ABYXHEAENbHbIX MPOpPO-
CTKOB HyTa MpeAcTaBneHbl B Tabnuue.

ViccnepoBaHue BNUsIHUSI CONMEBOMO CTpecca Ha
POCT U pa3BuUTME HyTa BapaHbero, ceMeHa KOToporo
nepes noceBom NoABEPrIMChH Y-00My4YeHUIO.

PesynbTatbl nccnefoBaHus BNWsHUSA o6ny-
YyeHus cemsiH B gosax 1, 5, 10, 50 n 100 p Ha
poCT 1 pasBuTUEe HyTa, npouspacTatowero B 1, 5,
10, 50, 100 MM coneBbIx pacTBopax npeacras-
neHbl Ha puc. 3.

TsM NaCl

100 aM 30 mM 10 aeM SaeM
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LEDS

1aM NaCl

Puc. 3. [IByxHefenbHble pacTeHns ob6nyyYeHHbIX CeMsH HyTa 6apaHbero, npouspacratoLme B conesbix pactBopax NacCl.

M3 pucyHkoB, B NepBylo oyepefb, Npuereka-
€T Ha cebs BHUMaHWe TOT hakT, YTO yBenM4eHue
003bl 00My4YeHNs1 MONOXNUTENBHO BNUSIET HA POCT U
pasBuUTME HyTa, MPOU3pPacTaloLEero B YCIOBUAX
coneBoro ctpecca. Npu aToM o6nydYeHne cemsiH B
nose 1 'p cocTaBnsieT UCKMIOYEHNE, Tak Kak B CIy-
Yasax 5 MM n 100 MM coneBoro pacteopa pa3sBu-
TWe CEMSsIH Npu 3TOW [o3e B NEPBOM cryyae noga-
BNsieTCS YacTUYHO, a BO BTOPOM — OCTaHaBnvBa-
etcst nonHocTbio. A B 10 n 50 mM coneBbix pacT-
BOpax HabnwagaeTcs He3HayuTenbHoe WHrMbupo-
BaHWe pocta W pa3BuTusa HyTa. B npotuBononox-
HOCTb 3TOMYy, 06Nny4yeHne cemsH nepea Nnocesom B
nose 5 p cnocobcTByeT HOpManbHOMY Pa3BUTUIO
pacTeHUss BO BCEX COMEBbIX KOHUEeHTpauwusix. Mpu
3TOW J03€e POCT U pas3BUTME pacTeHUs He oTnu4vae-
TCS OT KOHTporbHoro gaxe B 5 MM 1 100 MM pac-
TBOpax, YTO HE MMENo MecTO Ans [o3bl obnyye-
Hua B 1 p.

Moyt Takad xe KapTMHa HabngaeTcs 1 Npu
no3e obnyderusi B 10 p. Mpu 3TOM BO BCEX KOH-
LUeHTpaumax conm (u B 5 MM) pocT u passutue

NPOPOCTKOB HyTa MOYTU HE OTMMYAKTCA OT KOHT-
PONbHOrO.

WHTepecHo, 4To 1 B crnydae ob6nyyeHus ce-
MAH B Oonbwux posax (50 m 100 I'p) conesomn
CTpecc He 3ameansieT pocT N pas3BUTUE PaCTEHUS.
Mpu aTMx go3ax B 3KCTpeMarbHbIX COMEBbLIX YCIo-
BUAX Pa3BUTME HyTa He TOMbKO He OTnM4aeTcs oT
€ro HopMarnbHOro pasBuTus, HO 1 B cny4vasax 50 u
100 MM 3aconeHHoOCTU pasBUTUE pacTeHuUs faxe
3aMeTHO yckopsieTcs.

OTn pesynbTaTbl BbI3bIBAOT OMNPeAerieHHbIN
uHTepec. Tak kak, yBenudeHue [o03bl 0Ony4YeHus
CeMsH ANns pacTeHuin, npouspacTalpLwmx B Hopma-
NbHBIX YCNOBUAX, TaKkKke W YCWUMNEHWe COneBoro
cTpecca AN Heobny4yeHHbIX CEeMSH NPUBOAUNN K
MHrMBMPOBaHMWIO POCTa U Pa3BUTKSA MPOPOCTKOB.

OTmMeTuM, 4TO B nocriegHue rogsl B Hay4HoOW
nuTtepatype obcyxaaeTcs sBneHue, nonyyusllee
HasBaHue «Kpocc-aganTtauusi». CorrmacHo aTomy
ABMEHUO, B pesynbTate ajantauum K OOHOMY
¢hakTopy, NOBbLILWAETCA YCTOMYMBOCTb PaCTEHUN K
apyromy (O603HbI 1 gp., 2012). NpegnonaratoT,
YTO MNpW KpocC-aganTauuMn pacTEHUA OCHOBHas
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ponb MPUHAANEXUT aHTUOKCMAAHTHOW 3aljUTHOMN
cucteme (Zhong—Guang, Ming, 2011). Ucxoas m3
OaHHbIX, MONYYEHHbIX HaMW, Takke MOXHO npea-
NONOXWUTb, YTO Y-U3My4eHWEe B OMNpederieHHbIX
[03ax CnocobCcTByeT akTMBaLUMM aHTUOKCMOAHTHON
cuctembl 3awmTtbl (AOC3) kneTtok, 4To obecneyu-
BaeT pasBUTME pacTeHWst B YCIOBMUSX CONEBOro
cTpecca. YuYuTbiBasi, YTO OCHOBHbIMW aHTUOKCMAa-
HTamm AOC3 pacteHurn saBnsaAwTCAa EPMEHTHI
COA, KAT u AIMNO (Mostafa et al., 2011), mbl ucc-
nefoBann akTUBHOCTU 3TUX (PEPMEHTOB AN 00-
NyYeHHbIX CEMSIH HyTa, NMpou3pacTaloLwmx B pacT-
Bopax NaCl npu pasHbIX ero KOHLEeHTpauusax, Tem
caMbIM, NOMbITaNUCb BbISICHUTL POSib 0bMy4YeHus

CEMSsIH B 3TOM Mpouecce U Nony4nuTb MHpOpMaLmio
0 (PYHKLMOHMPOBAHMUM aHTUOKCUMAAHTHBIX PepMeH-
TOB CMCTEMbl 3aliMTbl B YCMOBUSIX CONEBOrO
cTpecca.

COJ. PesynbtaTtbl paboT, NOfy4YeHHbIX pas-
HbIMW aBTOpaMu, MNOKa3blBalOT, YTO AKTUBHOCTb
CO yBenunumBaeTcs B pacTeHusix, noaBep-
)KEHHbIX Pa3fU4YHbIM BO3OEWCTBUSAM OKpYXKaloLLEN
cpeabl (O603HbIN 1 Ap., 2012; Mishra et al., 2011).

MonyyeHHble HamMy OaHHble MO aKTUBHOCTU
CO[ ons obny4veHHbIX CeMsaH HyTa, npouspacrta-
IOWMX B CONMEBOM pacTBope, NpeacTaBleHbl Ha
puc. 4.

— % —1mM —a— 5mM
0,9

0,8

0,7
0,6 :

0,5 -

0,4
03

Axktusnocth COJl, %

0,2

01

Jo3a o6ayuenns, I'p

10 50 100

Puc. 4. 3aBucumoctb aktmBHocT CO[l oT [03bl 06ny4eHus ceMsiH HyTa GapaHbero, nmpov3pacTtarollero B CONeBOM pacTBope npu

Pa3HbIX KOHUEHTpauunax.

M3 pesynbTaTtoB, NPEeACTaBMEHHbIX Ha 3TOM
pUCYHKE BWAOHO, YTO ONsi NPOPOCTKOB CEMSH, 006-
ny4eHHbIX Ao 5 'p ¢ yBennyeHnem Oo3bl obnyye-
HUS aKTUBHOCTb 3TOrO KITOYEBOro pepmeHTa aH-
TMOKCUMOAHTHOW CUCTEMbl 3aluTbl MOCTENEHHO
ymeHbllaeTcsi. [lpy 3TOM yMeHblleHue umeeT
MEeCTO BO BCeX KoHUeHTpauusx conu. OpgHako,
HaynHas ¢ 5 p AUHaAMUKA M3MEHEHUS aKTUBHOCTU
CO[L mensieTca. Mpu aToM yBENUYeHne Oo03bl 06-
Nny4yeHnst MpuBOAUT, HAobOpPOT, K YBENUYEHUIO
aKTMBHOCTU 3TOro oepMeHTa.

M3 pucyHka Takke BMAHO, YTO €cnv npu OT-
HOCUTENBHO MarnbiXx [o3ax obnydeHus (go 5 p)
3aBucumMocTn aktmBHoctM CO[l OT KOHUeHTpauum
NaCl He cywiecTBeHHbI, TO npy 6onbLUnX Ao3ax (oT
10-100 Ip) cyLiecTByeT siBHasA KOHLEHTpaLMoHHas

3aBMCMMOCTb. [pun 9TOM B 3TOM 061acTu Jo3bl Npu
KOHUeHTpauuax conm 1, 5, 10 MM depmeHT ae-
MOHCTPUPYET HU3KYI0, a Npu KoHUeHTpaunsax 50 n
100 MM — Gonee BbICOKYHO aKkTUBHOCTb.

OTN faHHble NO3BOMSAT NPeanonoXuTb, YTO
npegnoceBHas obpaboTka cemsH B Ao3ax bonbLue
10Mp cHwxkaeT noepexgarowmnn addekt conu
Jaxe npu ee Gonblmnx KoHueHTpauusx (100 mM).
Tak kak npu npegnoceBHon obpaboTke B Jo3ax OT
10 go 100 I'p aktuBHOoCTL CO[l 3ameTHO yBenu4u-
BaAeTCH, YTO, NMO-BUAMMOMY, SIBNSIETCA CNeacTeu-
€M yMeHbLUeHus1 noBpexaatoLero gencreusa NacCl.

KAT. HecmoTps Ha TO, 4TO KrnoyeBbIM dep-
MEHTOM AHTUOKCUOAHTHOW  3alnTbl  ABMSETCS
COL, ponb KAT npu 3TOM TOXE CYLLECTBEHHA.
M3ameHeHne aktuBHoCcTM KAT B pasHbix CTpec-
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COBbIX YCMNOBMAX AOKa3aHO BO MHOrMx paboTax
(O603HbIM U ap., 2012; Saglama et al., 2011). Pe-
3ynbTaTbl HaWWX WCCNEAOBaHUMN MO M3YYEeHUIo
aktuBHoctn KAT B ycnoBusix COMEBOro crpecca
ONs HyTa, CEMEeHa KOTOporo nepeg noceBom Nof-
BEPINMCb Y-00Nny4yeHnIo Npu pasHbiX go3ax, npea-
CTaBneHbl Ha puc.5.

M3 pucyHka BMOHO, YTO B crlyvae o6ny4veHus
cemsiH B go3e oT 1 go 5 'p Npn BCeX KOHLUEHTpa-
uuax conm (1, 5, 10, 50 n 100 mM) akTUBHOCTb
KAT mano oTtnmyaeTtcsi OT ee akTUBHOCTU B KOHT-
pone. Mpu atom KAT nposiBnseTr HesApko Bblpa-

XKEHHYI0 aKTUBHOCTb, Kak OT [03bl 06nyyeHus, Tak
M OT KOHUeHTpauuu conn. OgHako, HauuHasg ¢ 5 go
10 'p npu koHueHTpaumax conm 1, 5, 1 10 MM B
akTmBHoCTM KAT oTMevaeTcs TeHAEHUMS K cyLlec-
TBEHHOMY yBenu4yeHuto. B aTon obnactn gos (Tak
e n B obnactm 1-10 I'p) aktmBHocTb KAT B
50 MM coneBom pacTBope ocTaeTcs MoYTK NOCTOo-
siHHOMW, @ B 100 MM — 3HauuTenNbHO YyMEeHbLUaeTCs.
HanbHelwee yBenuyeHne o3bl 06nydeHus ot 10
0o 100 Np BO BCex KOHUEHTpauUusax conv npmBoauT
He K YBENUYEHMWI0, @ K 3HAYUTENbHOMY YMEHbLLe-
HWIO (PEPMEHTHOMW aKTUBHOCTM.

—a—1mM —0— 5mM
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Puc. 5. 3aBucumoctb aktnBHocTu KAT OT 403bl 06ydYeHUsi ceMsiH HyTa 6apaHbero, Npomn3pacTatoLLEero B CONIieBOM pacTBoOpe npu pas-

HbIX KOHLIEHTpaLuusaXx.

CnepyeT npeanonoXuTb, YTO MOBbLILLEHNE akK-
TmBHocTM KAT nocne nospexgalowux BO3OEnUCT-
BUA MOHU3UPYIOLLENn pagnaumm B Marnblx [o3ax
MOFII0 KOMMEHCUPOBATLCA BECbMa HWU3KOW aKTUB-
HocTblo COJl, HabntogaeMon Hamu B 3TON ke 06-
nactu gosbl 0bnyyeHus. Takum obpasom, Ha OT-
OenbHbIX CcTagusix HabnaeHWn nposiBRsieTcs
cBoeobpasHasi «B3anM0O3aMeEHSIEMOCTbY» KaTanasbl
n CO[L: npn NOBbIWEHHbIX 3HAYEHUSIX aKTUBHOCTM
Katanasbl OTMEYaeTcsl MOHMXEHHAsA aKTUBHOCTb
CO[, n HaobopoT.

Al1O. HakonneHHbli Ha CerogHslWHWA AOeHb
3KCMEepUMEHTanbHbIA MaTtepuan ykasbiBaeT, 4TO
AlNO Takke urpaeT BaXHY M NPAMYIO 3aLUNTHYHO
pornb B HEGMNAronpUATHBLIX ANs pacTEHUIA YCIOBUSAX
(Caverzan et al., 2012).

HaHHble no aktmeHOCTM AlNO, NoMny4YeHHble
HamMKn B YCMNOBMSAX CONEBOro CTpecca npeacrasne-
Hbl Ha puc. 6.

M3 pesynbTatoB BMAHO, YTO ecnu B gose 11p
NP1 BCEX KOHLEHTpaLMsAX CONMM HE 3amevaroTcs 3Ha-
ynTenbHble N3MeHeHnst B aktuBHoctn AlNO no cpas-
HEHWIO C KOHTPOMEM, TO yBenudeHune [o3bl obnyye-
HWs cemsaH ot 1 oo 10 'p Npu 3TOM NPUMBOAMUT K CY-
LLleCTBEHHOMY yBenuyeHuto aktueHocTn AlNO B nuc-
TbsIX NPOPOCTKOB HyTa. A AanbHenlee yBenuyeHue
no3bl ot 10 go 100 p NpMBOAUT HE K yBENUYEHUIO
aKTMBHOCTM (hbepmeHTa a, HaobopOoT, K 3aMETHOMY
MOHWXKEHUO (EPMEHTHOM akTMBHOCTU. OTMETUM,
YTO NPMMEPHO Takasi ke QUHAMUKA U3MEHEHUS aKTW-
BHOCTW Habntoganu un ans KAT (puc. 5).
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Puc. 6. 3aBucumocTb akteHocT AMNO oT Jo3bl 0GfyYeHNsi ceMsiH HyTa GapaHbero, Mpov3pacTaloLLero B COMeBoOM pacTsope npu

Pa3HbIX KOHUEHTpauunax.

OcCHOBbIBasiCb Ha 3T OaHHble, MOXHO npea-
NONOXWUTb, YTO HU3KME [03bl 0bnydeHus (go 1 I'p)
He cnocobCTBYOT NoBbIWEeHUo akTusHocTn AlNO B
3apogjpllle CeMSH HyTa npu nx obnyveHumn. A npu
b6onee BbicOokux posax obnydyenune (1-10 Ip) 3a
CYeT aKTMBauuy 3alWUTHOW CUCTEeMbl aKTMBHOCTb
aToro depmeHTa ysenuumsaetcs. OTMeTUM, 4TO
yBenuyeHune aktmsHoctn AlNO B obnactu gosel o1
1 8o 10 'p conpoBOXAaeTCA yMEHbLUEHNEM aKTu-
BHocTM CO/] B aTOM 06nacTu Ao3bl, @ yMEHbLUEHNE
ee akTMBHOCTWM npu gosax Gonbwe 10 p npowuc-
xoanT Ha oHe yBenuyeHue aktmsHocTn CO[.

3akno4veHune

MonyyeHHble HaMW [JaHHble OTHOCUTENbHO
aKTMBHOCTEN aHTUOKCUMAAHTHbLIX (PEPMEHTOB MO3-
BOMSAIOT NPEANOSIOXUTb, YTO BbIXXMBaHME MPOPOCT-
KOB HyTa B YCITOBMSIX CONEBOro crpecca obecne-
YMBAETCS CraXXeHHOM paboTON CUCTEMbI 3aALLMTHI.
Mpn 3TOM (PYHKUMOHMPOBAHNE AHTUOKCUMOAHTHbIX
depMeHTOB B YCITOBUSIX CONIEBOrO CTpecca sBrsie-
TCS1 NPOLIECCOM B3aMMOCBS3aHHBIM U KOOPAMHUPO-
BaHHbIM.

OTmeTnm, 4YTO cBOeobpasHas «B3anmo3ame-
HAEMOCTb» aHTUMOKCUOAHTHbIX (PEepMEHTOB Ha OT-
OenbHbIX CTagusix HabnogeHunm nposiBNSANOChH
Takke B akcnepumeHTax O6o3Horo n gp. (O6os-
HbI 1 ap., 2012). B aToM crnyyae npu NOHWKEHHbIX
3HaYeHNsX aKTUBHOCTM kKaTanasbl OTMeuvanacb
NoBbILUEHHAs! aKTUBHOCTb Mepokcuaasbl U Haobo-
poT. BbISIBNEHHbIN 3TMM aBTOpoM 3ddekT corna-
cyloTcsa 1 pesdynbtatamu pabdotel Muka n gp. (Mika
et al., 2004).

B3aumocBsazaHHOe yHKUMOHMPOBaHME 6bino
OBGHapyXeHO He TONMbKO ANs aHTMOKCUAOAHTHbLIX
depMeEHTOB, 3TO MMENO MECTO TaKKe MeXay HU3KO-
N BbICOKO-MOJSIEKYNSAPHBIMA KOMMOHEHTAMW CUCTe-
Mbl aHTUOKCMAAHTHOW 3aWwmThl. Hanpumep, B pabo-
Tax PapgrokuHon n gp. (PagiokvHa u ap., 2007) u
LWeBskoson n gp. (Wesskosa u gp., 2009) y psga
AVKOpacCTyLMX pacTeHun Huskas aktmBHocTb CO[L
Koppenuposana ¢ bonee BbICOKMM cogepXaHuem B
HUX aHTMOKCUAAHTHOro NPOovHa.

®akT B3anmosameHsemoctn CO[L n KAT (npu
NOBbILLEHHbLIX 3HAYEeHUAX aKTUBHOCTU KaTanasbl
oTMeYaeTcsl noHmkeHHasa akTuBHocTb CO/l u Hao-
6opoT) BnepBble ObIN YCTAHOBMEH HAMMU.
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BMNJMB NEPEANOCIBHOIO ONPOMIHEHHSA
HACIHHA HA COJIECTIUKICTb
HYTA BAPAHAYOIO

E. C. Oxachapos, M. 3. BenioxaHoea, [x. P.Opydxesa

IHCTUTYT pagiauiiHnx npobnem

HauioHanbHoi akagemii Hayk AsepbangxaHy
AszepbangxaH, AZ 1143, baky, syn. b. Bara63age, 9,
e-mail: e_dzhafarov@rambler.ru

Meta. MeTtolo pgocnimkeHHs Gyrno BUBYEHHS BMMUBY CO-
NbOBOro CTPECY Ha 3pPOCTaHHS i PO3BUTKY HyTy BapaHsayoro,
HaciHH  SKOrO nepej  MOCIBOM — OMPOMiHIOBaNM Y-
OMPOMIHEHHAM MpW Pi3HUX Ao3ax. PisionoriyHnin cTaH Jo-
CiMKyBaHOI POCIVHA MPU LbOMY OLiHIOBaNM Ha OCHOBI
YHKUIOHYBaHHS aHTUMOKCUOAHTHUX (PepMeHTiB cuctemu
3axvcty. Metoau. [Ons BM3HaAYeHHs aKTUBHOCTI aHTU-
OKCUAAHTHNX PbePMEHTIB BUKOPUCTAHO METOAMKY, PO3po6-
neHy B pobotax Kymap, KHoenec i HakaHo, Acaga. Pe-
3ynbTatu. BusiBneHo, Lo B yMOBax COMbOBOrO CTpecy
aHTUOKCUAAHTHI hepMeHTH, PYHKUIOHYOTb, B NEBHIN Mipi,
B3aEMONNOB'A3aHO i KoopamHoBaHo. BucHoBku. 3pobneHo
NPUNYLLEHHS, LLO BUXKMBAHHSA MPOPOCTKIB HYTY GapaHa4voro
B CONIbOBUX YMOBax 3abe3nevyeTbcs 3rarofpkeHor pobo-
TOK CUCTEMM aHTUOKCUAAHTHOIO 3aXUCTY.

KniouoBi cnoBa: Cicer arietinum L., nepegnociBHui
OMNPOMIHEHHS HaCiHHSI, CONMbOBUIN CTPEC, aHTUOKCUMAAHTHI
dhepMeHTH.

INFLUENCE OF PRESOWING IRRADIATION
OF SEEDS ON THE SALT TOLERANCE
OF CHICKPEA

E. S. Jafarov, M. Z. Velijanova, J. R. Orujova

Institute of Radiation Problems

of the National Academy of Sciences of Azerbaijan
Azerbaijan, AZ 1143, Baku, B. Vagabzade str, 9
e-mail: e_dzhafarov@rambler.ru

Aim. The aim of the research was to study the influence of
salt stress on the growth and development of chickpea,
whose seeds were irradiated at different doses before
sowing. The physiological state of the investigated plant is
evaluated on the basis of the functioning of the antioxidant
enzymes of the protection system. Methods. The methods
developed by Kumar, Knovles and Nakano, Assad was
used to determine the activity of antioxidant enzymes.
Results. It is shown that under the conditions of salt stress,
antioxidant enzymes function, to some extent, intercon-
nected and coordinated. Conclusions. It is assumed that
the survival of chickpea seedlings in salt conditions is
ensured by the coordinated work of the antioxidant defense
system.

Keywords: Cicer arietinum L., presowing seed irra-
diation, salt stress, antioxidant enzymes.
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