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BAUSAHUE IMMTOYBEHHOU 3ACYXU HA COAEPKAHUE
OOTOCUMHTETUYECKUX IMTUT'MEHTOB
B PACTEHUSAX TUMEHS COPTA BPOBAP'

T. I. KAJIATAY, H. B. KO3EJ"

1)H)Ltcmumym buogusuxu u knemounou undicenepuu HAH benapycu,
yi. Akaoemuueckas, 27, 220072, e. Munck, Berapyce

YCTaHOBIICHO CYIIECTBEHHOE BIIMSHHE MOYBEHHOMN 3aCyXd Ha MOP(HOMETPHUUCCKHIE MapaMeTPhl JIUCTHEB STIYMEHS COpTa
Bpogap, a Taroke comepkaHue B HUX (POTOCHHTETUYECKUX IMUTMEHTOB — XJIOPO(GUILIA B KapOTHHOUAOB. OTHAKO BRI3BAHHBIC
3aCyXOl 3HAYUTETHHOE YXYIIICHNE POCTOBBIX TIOKA3aTeNe pacTeHUH, CHIKeHHE KOHIICHTPAIU! XJIopoduiia u B 0co-
OEHHOCTH KapOTHHOMIOB IPOVCXOANIIH B OTCYTCTBHE M3MEHEHUS YpoBHs (heodpuTrHA. BRICKa3aHO MPEAIIONOKEHNE, YTO
YMEHBILEHUE KOJINYECTBA IUTMEHTOB CBA3aHO B OCHOBHOM HE C JECTPYKLUEH B PE3YJIbTATE CTPECCa, a C MOAABIEHUEM UX
CHHTE3a, YTO MOXKET OBITh aIalITALIMOHHON peaKiiell pacTeHUH, MTO3BOJISIONICH MUHIUMU3UPOBATh BEPOSITHOCTh 00pa30-
BaHUs aKTUBHBIX (DOPM KHCIOPO/a B POTOCHHTETHUCCKUX MEMOpaHax MpH HEIOCTATKE BJIary, a TAKIKE ONTUMHU3UPOBAThH
B JIAHHBIX YCIJIOBHSIX HCIIOJNB30BAHUE SHEPTHH CBETA IS (POTOCHHTETUYCCKHX IMPOIECCOB, HA YTO yYKAa3bIBACT MPEUMY-
IIECTBEHHOE CHIDKEHNE TaKUX KapOTHHOWIOB, KaK HEOKCAHTHH, BUOJAKCAHTHH W [3-KapOTHH, aKTHBHO YYaCTBYIOIIIX
B CBETOCOOpE M Mepenaye YHEPTUY Ha PEaKIIMOHHBIC IEHTPHL.

Kniouegvie cnosa: nouseHHas 3acyxa; abMoTHUECKUl cTpecc; POTOCUHTE3; (POTOCHHTETHIECKUE MUIMEHTBI; XJIOPO-
¢wur; KapoTrHHONK!; heoDUTHH; TIMEHB.
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A significant effect of soil drought on the morphometric parameters of the leaves of barley plants of the Brovar va-
riety, as well as the content of photosynthetic pigments (chlorophyll, carotenoids) in them was established. However,
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HeHus (HoTodnonoros u onoduznkoB (Munck, 17-19 urons 2020 ).
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a significant decrease in plant growth indicators under drought conditions, a decrease in the amount of chlorophyll and,
to a greater extent, carotenoids occurred against the background of the absence of a change in the content of pheophytin.
We assume that the decrease in the number of pigments is mainly associated not with destruction due to stress, but with
a decrease in their synthesis, which can be an adaptive reaction of plants, which minimizes the likelihood of formation
of reactive oxygen species in photosynthetic membranes under conditions of drought, and also optimizes the use of light
energy for photosynthetic processes under such conditions, as indicated by the predominant decrease in carotenoids such
as neoxanthin, violaxanthin and f-carotene, which are actively involved in light harvesting and energy transfer to reaction
centers.

Keywords: soil drought; abiotic stress; photosynthesis; photosynthetic pigments; chlorophyll; carotenoids; pheophytin;
barley.

BBenenune

CrpeccoBble ycIoBHS, TaKHe Kak 3aCOIEHHE, 3acyXa U BBICOKask TeMreparypa (>kapa), BEI3BIBAIOT 3HAYUTENb-
HBIC U3MEHEHHUSI B IPOTEKaHUU BAXKHBIX (DPU3HOJIOr0-ONOXUMHYECKHAX MPOLECCOB B PACTHTEILHOM OpraHU3ME.
dotocuHTe3, KaKk OHO M3 (yHIAMEHTAIBHBIX 1 Hanbolee CIOKHBIX (HU3MOJIOTHUECKHX SIBICHHH Y BCEX pac-
TEHHI, TaKKe TOJIBEPraeTCsl CHILHOMY BO3JCHCTBHIO CTPECCOBBIX (DAKTOPOB, B PE3yJIbTaTe Yero M3MEHSeTCs
YIABTPACTPYKTYpa OpraHesl K KOHIEHTpaIHs (POTOCHHTETUUECKIX ITMTMEHTOB, METabOIUTOB U (PepPMEHTOB, y4a-
CTBYIOIIMX B 3TOM tiporiecce [1]. Tak kak B (hoToCHHTE3€ 3a/1eHiCTBOBAHBI Pa3IMYHbIE KOMITOHEHTHI, B YaCTHOCTH
INUIMEHTHBIN anmapar U (JOTOCUCTEMBI B LIEJIOM, MIEKTPOH-TPAHCIOPTHAs cucteMa u myt yrunusauuu CO,,
Jlayke HE3HAYUTEIEHOE TIOBPEXK/ICHHE, BEI3BAHHOE HEOIAronprusaATHRIME (haKTOpaMH OKPYKAIOIIEH CPEIbI, MOYKET
CHH3UTH OOIIYIO (JOTOCHHTETHYECKYIO CIIOCOOHOCTD 3€JIEHOI0 PaCcTeHUs, YTO CYLIECTBEHHBIM 00pa3oM CKa3bl-
BACTCsI HA CENTLCKOXO3HCTBEHHOM MTPOU3BOJICTBE.

Cpeny MHOTOYHMCIIEHHBIX CTPECCOBBIX BO3ICWCTBUH B TIOCTIETHUE TOJIBI UMEHHO 3acyXa sIBIIsieTCs Hanboiee
BECOMBIM a0MOTHYECKHM (DaKTOPOM, UMEIOIIUM BCceoOlee 3HaueHne, B TOM 4yrcie u i Pecriyonuku bena-
PYyCh, ¥ 3aMETHO CHIKAIOIITUM YPOXKAHHOCTH [2]. JleHITUT BOABI BEI3BIBACT CEPhE3HBIC M3MEHEHHUS OOIBIITHH-
CTBa (PM3MOJIOTMYECKHUX MPOLECCOB Y PACTCHUS: 33/ICPKKY POCTa M PAa3BHUTHS, MOTEPIO TYpPropa, CHUKEHHUE
cKopocTH (OTOCHHTE3a W YCBOCHUS YINIEpo/ia, HApYIICHHE MUHEPAIBLHOTO IMUTAHHUS U ra3000MeHa JIMCTHEB
¥ MHOTOE JIPyTroe, YTO B 3HAYUTEIHHON CTENEHH BIHSIET HA MPOAYKTUBHOCTH CEIhCKOXO3SIMCTBEHHBIX KYIb-
Typ [3; 4].

B nenom paznuaHbIe CTpecCcOBBIE YCIOBHS, BKITIOUAs 3aCyXy, OOBITHO MIPUBOJIAT K CYIIIECTBEHHOMY YMEHb-
LICHUIO COfiepKaHMsl (POTOCHHTETHUECKUX MUTMEHTOB — XJIOPOPHIUIOB (XII, MEKAYHAPOAHOE 0003HAYEHUE —
Chl) u xapornHonI0B. CHIKEHIE KOHIICHTPAIIUN XJT MOXKET OBITh CBA3aHO C BRI3BAHHBIMHU CTPECCOM HapyIIie-
HUSIMH OMOCHHTE3a MUTMEHTOB WM UX paspyueHreM. OQHAKO CTENEHb MOBPEKICHUS PACTUTEILHON KIETKU
B pe3ynbTare JACUCTBHS HEONAronpHATHBIX (PAaKTOPOB BHEIHEH Cpelbl 3aBUCHT OT BHUJA, COPTA PACTCHUS,
MIPOIOJKUTEIILHOCTH BO3/IEHCTBUS U TIepeHocuMocTr crpecca [1]. Takum oOpa3om, yMeHbIIIEHHE KOJTMYECTBA
(hOTOCHHTETHUECKHMX MUTMEHTOB, CBSI3aHHOE C HapyILIeHHeM OMOCHHTE3a MOCIICHNUX WITH e UX pa3pylICHHEM,
MOYKET TIPUBECTH K HAPYIICHUIO TPAHCIIOPTA AIIEKTPOHOB H, CIIEOBATENHHO, K CHIDKEHHUIO (DOTOCHHTETHYECKON
CIOCOOHOCTH y OOJBIIMHCTBA 3€JICHBIX PACTCHHH.

B ycioBusix 3acyXu KIIFOUEBYIO POJIb HTPAIOT a/IalITAIMOHHBIE MEXaHU3MbI, B YACTHOCTH MEXaHU3MBI aJ1arl-
Tauu (POTOCHHTETHYECKOTO arapara, MO3BOJISIONINE PACTEHUIO TIPEOI0NIETh CTPECCOBOE Bo3zeicTBrE [5].
BaxxHbIM acnieKToM MOBBIIEHHS Y(PPEKTUBHOCTH CEILCKOXO3HCTBEHHOTO MPOU3BOJCTBA NIPU CTPEMHTEIb-
HOM M3MEHEHHH KIIMMara, B TOM YHcjie Ha (JOHE YaCThIX 3aCyX, BBICTYITaeT MOHUTOPHHT POCTA W Pa3BHUTHUS
pactenwuii [6]. B cBsi3u ¢ 3TUM KpaiiHe akTyaJbHBIMH Ha CETOAHSIIHUI ICHb SIBISIFOTCS MCCICIOBAaHM, Ha-
MpaBlieHHBIE Ha Pa3pabOTKy HOBBIX TOAXOJIOB IO MOBBIMICHUIO YCTOWYHBOCTH M MPOAYKTUBHOCTH CEIIbCKO-
XO3SIICTBEHHBIX KYJIBTYp B HEOIAronpusiTHBIX YCIOBHUSX KyJIbTUBUpOBaHus [4; 5; 7-9].

Lenbto nanHOW pabOTHI OBLIO W3y4YeHHE JNEHCTBUS TIOYBEHHOH 3acyXW Ha cojepikaHue (HOTOCHHTETHYC-
CKUX IMMTMEHTOB B 7-THEBHBIX MPOPOCTKAX sUMEHs copta bposap.

MarepuaJibl M1 MeTOAbI HCCJIETOBAHNUS

B kauecTBe 00beKTa HMCCIEI0BAHNS UCIIOIb30BAIIM IIEPBBII HACTOSIILMN JIUCT 3€JICHBIX IPOPOCTKOB SUMEHS
(Hordeum vulgare L.) copra bpoBap, BbIpalieHHBIX B J1a00paTOPHBIX YCIOBHUSIX MOJ JIOMHHECHECHTHBIMH
nammamu Philips TL-D 36W/54-765 B pexxume 14 4 cBeta (MHTEHCHBHOCTB 6 THIC. 1K) ¥ 10 9 TEMHOTHI TIpH
temmneparype (23 £ 1) °C u oTHOCUTENBHOH BiiaxkHOCTH Bo3ayxa 30 % B HOpMaJIbHBIX yCIOBUSAX (KOHTPOJIB)
U TIPH 3aCyXe.
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HccnenoBanue BIUSHES 3aCyXU Ha 3€JICHBIC TIPOPOCTKU SUMEHS MTPOBOIWIN B KYJIBTYypE, BBIPAICHHON
B ouBe. [[yist aToro cemeHa, 00paboTaHHbBIE B XJIOPCOIEPKAIEM pacTBOPE U OTMBITBIE BOAOIPOBOIHON BOJOH,
MPEABAPUTENBHO NMPOPALIMBAIN Ha ceTkax npu (23 £ 1) °C B Teuenue 2 cyT. 3aTeM OAMHAKOBBIC IO pa3Mepy
MIPOPOCTKH CEMSIH BBICAKMBAJIM B COCY/IBI, 3aII0JTHEHHBIC BIAXKHBIM IpyHTOM «Boctopr». Bapuantsl sxcriepu-
MEHTa ObUIH CIEAYIOLINMHU:

1) KOHTPOJIb — OCYIIECTBISUTA €KETHEBHBIN TTOJUB BOIOIIPOBOIHON BOION 00BbeMOM 25 MiT;

2) 3acyxa — pacTCHHS HE MOJIMBAJIA C MOMEHTA MTOCAJKU B TIOYBY.

JnHy 3eJeHbIX MPOPOCTKOB M3MEPSUTU OT 36pPHOBKHM uepe3 7 CyT Mmocie Bbicalku B TPyHT. st ompe-
JIeJIEHUS] CyXOro Beca (MJIM MacCOBOW JIOJIM BOJIbI) HABECKH JIMCTHEB STUMEHS Maccoi 1 T momeranu B cre-
KIISIHHBIE OIOKCHL. Macca 0I0KCOB Oblila MpeaBapuTeIbHO U3MEPEHa. 3aTeM OIOKChI C HAaBECKaMH JIMCTHEB 110~
Mellanu B BakyyMHbIH cymmiabHbINA mkad Vacucell 111 Standard (MMM Medcenter Einrichtungen GmbH,
I'epmanus) u BeicymuBanu npu temmneparype 100 °C u naBnenuu 0,05 arm B Teuenue 2 4. Yepes 1,0; 1,5
u 2,0 4 OT HaYaJIa CyIIKU OFOKChI C HABECKAMM JINCThEB B3BEIIMBAJIH, YTOOBI 3a()UKCUPOBATH CYXYHO Maccy,
KOTOpasi B MOCJEIHUX JIByX M3MEPEHHSX HE MEHsJIAach, YTO CBHJETEIHLCTBOBAIO O IOJHOHM MOTEpe BOABI
oOpa3namu. MaccoBylO J0JII0 BOABI PACCUMTHIBAIM MO Pa3HULE MEXKAY HadyaJbHOW M KOHEUYHOW Maccoi
OIOKCOB C 06pa3uaMH2.

CocraB u conepxanne Xi, peodutuHoB (Deo, MexmyHapogHoe obo3HaueHne — Pheo) u kapornHOHMIOB
B JINCTBSIX SIIMEHS copTa bpoBap onpenensiian ¢ MOMOILBIO BbICOKOA(P(HEKTUBHOIO XKHUAKOCTHOIO XpPOMATO-
rpadpa LC-20 Prominence (Shimadzu, SInonus) ¢ xpomarorpaduueckoii kojonkoit Nucleodur C18 Gravity
(pasmep uvactun 3 MM, anuHa 15 cm) dupmbl Macherey-Nagel (I'epmanusi) mo MeToAMKe, pa3pabOTaHHOM
B J1aboparopuu OMO()U3UKH U OMOXMMHUHN PACTUTEILHON KIIeTKU MHCTUTYTa OMO(DHU3UKH U KIIETOYHOH HHKe-
wepun HAH benapycu cornacHo padoram [ 10—13]. Paznenenne murMeHTOB Ha KOJIOHKE MTPOBOJIWIIN C UCTIONb-
3oBanneM pactBopa A (90 % aneronutpui, 9,9 % Boxa, 0,1 % TpudTHimamun) u pacteopa b (100 % stuname-
TaT) cO CKOPOCTHIO MoToka 0,5 Mi/MuH. [TMTMEHTBI pETUCTPUPOBAIIH C TOMOIIBIO CLIEKTPO(HOTOMETPHUIECKOTO
netexropa ¢ nuomHoi marputieit SPD-M20A (Shimadzu, Sinonust) B nuanazone 200—800 am. Busyanuzaruto
poduIIst XpOMaTOTpaMMBbl OCYILECTBIISUIN TIO crieKTpaM nortomenus npu 440 um (uis Xit a u Xa b, a Taxxke
kapotuHouioB) ¥ 410 uM (g Peo a u Deo b). [ KOTMUECTBEHHOTO OIPEACICHUs] TUTMEHTOB HCIIOb30-
BaJIM IUIOIIAAN TUKOB XPOMATOrpaMMbl U K03((UIIMEHTHI, MOMyUYeHHBIE ISl KKJOr0 IMUIMEHTA C TIOMOLIbIO
cTaHnapToB. PacueT copeprkaHusi TUTMEHTOB IPOM3BOAMIN 110 opMyIie

C _S440.F;1MFM.V
IIMrM — b
Vl/lH'beKLI m
rae C,,., — COAep:KaHue MUTMEHTA, MKI/T CyXOl Macchl; S,,, — IUIOMIab MUKa HonomeHus npu 440 uM (ams
®eo — 410 um); ., — paxrop (kod3dunuent) 1s pacyera; V' — o0beM CynepHaranTa, MKJIL; V. .. — 00beM

WHBEKLUH, MK, 71 — Macca HaBECKH, T.

Ha puc. 1 npeacraBnena TunuyHast Uil HCCIICAOBAHHBIX MPENAapaTOB XpOMaTorpaMma aleTOHOBOTO IKCT-
paKTa U3 JIMCTHEB STUMEHS C SIPKO BHIPAKCHHBIMHU TUKAaMU HEOKCaHTHHA (MUK 1, BpeMs yaepkanus 3,88 MuH),
BHOJIaKCAaHTHHA (UK 2, BpeMs yaepxauus 4,44 MuH), antepakcanTuHa (MUK 3, Bpems ynepxxanus 4,97 muH),
moTenHa (UK 4, BpeMs yaepkanust 5,87 muH), X b (uk 5, Bpems yaepxkanus 7,81 muH), X1 a (mux 6, Bpemst
ynepkanust 8,48 muH), eo a (nmuk 7, Bpemst yaepxanust 9,81 mun) u B-kapotrHa (MUK 8, BpeMst yaepKaHUs
10,36 MuH).

Ha puc. 2 npuBeneHs! CIEKTPbI BbIAECICHHBIX IMIMEHTOB, 3apPErHCTPUPOBAHHBIE CHEKTPO(OTOMETpUYE-
CKUM JIETEKTOPOM C TMOAHON MaTpHIlel, HOPMUPOBAHHBIC HA €MHMILY.

B nccrienoBannn ObUTH MCTIONB30BAHBI CIIEAYIONIME PEareHThl: alleToH «X. 4.» (=99,8 %) mpousBojacTBa
AO «3xoc-1» (Poccus), aneronutpun st BOXX (299,9 %) u stunanerar s BOXX (299,7 %) xomnanuu
Honeywell (I'epmannst), TpusTrinamut (99,5 %) dupmer AppliChem (I'epmanust), cranaapTsl GOTOCHHTETHYEC-
CKUX MTUTMEHTOB Komnanuu Sigma-Aldrich (Iepmanust). B xome 00paboTKH KCTIEPUMEHTaIbHBIX JaHHBIX BBI-
YHUCIUIN CPEAHEE 3HaUeHKE, CTAaHIAPTHOE OTKJIOHEHHE CPEIHETO 3HAYCHUS, JOCTOBEPHOCTD Pa3InIui MEX Iy
BapHaHTaMH OTPEAETISUN ¢ yueToM Kodd¢uimenta CThIONEHTa IS IPUHATOTO YPOBHA 3HauMMocTH (p < 0,05)
1 COOTBETCTBYIOIIETO YUCHA CTerneHeil cBoboabl. [IpencraBnensl pe3ynbTraThl TPEX OMBITOB B TPEXKPATHON
OMONOrHYeCKON MOBTOPHOCTH. JlJ1st cTaTHCTHYECKON 00paOOTKH SKCIIEPUMEHTAIBHBIX JaHHBIX HCIOIB30Ba-
T nakeTsl mporpamm Microsoft Excel 2019, SigmaPlot 12.0 n cTaTuCTUYeCKUE METOIBL, IPHHSATHIE B 00JacTH
OMOJIOTHICCKHUX UCCIIeIOBaHM [14].

2 o o

Bsizo6 E. B. MexaHn3Mbl afgantaiuu GOTOCHHTETHUESCKOTO alapara M 3allUTHOI CUCTEeMBI PAaCTEHHH OTypla K CBETOHOIHOMY
H3TYYCHUIO Pa3IMIHOTO CIIEKTPAIEHOTO COCTaBa : aBToped. muc. ... kaua. ouoi. Hayk : 03.01.02 / H-T OMOU3UKH U KIETOY. MHKE-
Hepun HAH Benapycu. Munck, 2017.
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Puc. 1. XpomatorpamMma 9KCTpaKTa MUTMEHTOB M3 JIUCTHEB PACTCHUI STIMEHSI.
Busyanu3zauust mpoduiist XpoMaTorpaMMbl OCYILECTBIICHA 110 CIIEKTPaM MOMIONICHUS
ripu 440 uM (@) n 410 HEM (6): ] — HEOKCAHTHH; 2 — BUOJIAKCAHTHUH;

3 — aHTepakcaHTuH; 4 — moTeuH; 5 — X1 b; 6 — Xn a; 7 — deo a; § — B-kapoTHH
Fig. 1. Chromatogram of the extract of pigments from the leaves of barley plants.
The chromatogram profile was visualized by the absorption spectra
at 440 nm (@) and at 410 nm (b): I — neoxanthin; 2 — violaxanthin;

3 — anteraxanthin; 4 — lutein; 5 — Chl b; 6 — Chl a; 7 — Pheo a; § — B-carotene
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Puc. 2. CieKTpbl MOTIIOUICHHS THTMEHTOB, BBIJCICHHBIX U3 JINCTHEB TUMCHSI
(HOPMHPOBaHBI Ha SIMHMILY 10 OCHOBHOMY MaKCHMyMY MOTJIOIICHHS)
Fig. 2. Absorption spectra of pigments extracted from barley leaves
(the spectra are normalized according to the main absorption maximum)
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Pe3y.111,TaT1,1 H UX 06cy>lc11e}me

B xone nccnenoBanus ObUIO TPOAHAIM3UPOBAHO BO3EHCTBHE MOYBEHHON 3aCyXH HAa MOpP(HOMETpHUIECKIE
rapaMeTpbl U comepkaHue mMIrMeHToB (X1 a u X b, ®eo u KapOTHHOUIOB) B JIUCTHAX SUMEHs. PacTeHus,
BBIPAIICHHBIE B ITOYBE C ITOJIMBOM, B OIBITAaX BHICTYIIAIH B Ka9€CTBE KOHTPOJIA.

N3ydenne pocTOBBIX MOKa3aTeNeil ePBOTo JINCTa TYMEHSI, OMPEAENIIEMBIX 0 JIMHE TIPOPOCTKOB OT 3ep-
HOBKH, ITO3BOJIMIIO YCTAHOBUTH, YTO HEJOCTATOK BOBI TPUBOANT K H3MEHEHUIO MOP(POMETPUIECKUX XapaKTe-
PHUCTHK JMCTHEB SUMEHS: JITHHA TPOPOCTKOB CHU3MIIACh Ha 28 % 110 CpaBHEHHUIO C KOHTPOIBHBIMH 00pa3IiaMu
(Tabm. 1). Takxke CTOMT OTMETHTH BU3YaIbHO HAOII0AAeMOE YMECHBIIICHHE IITMPHUHEI INCTOBON TUTACTUHKH pac-
TEHUH STYMEHS, TIOJIBEPTIINXCS BO3IEUCTBHUIO 3aCyXH. [Ipy 3TOM NpU3HAKOB YBsAaHUS PACTEHUN HE BBISBIEHO.
AHanu3 MaccoBO¥ JOJH BOIBI B MMPOPOCTKAX SUMEHS MMOKa3a]l HE3HAUYMTENbHOE, HO JTOCTOBEPHOE CHUIKEHHE
9TOTO IMapameTpa B YCIOBUAX 3acyxu (Ha 3 % 1Mo cpaBHEHHIO ¢ KOHTposieM) (cM. Tadm. 1).

Tabnuma 1

H3MeHeHue JNIMHBI NPOPOCTKOB SiYMEHsI U MACCOBOI 1011
BO/IbI B HUX 0] BJUSIHHEM NOYBEHHOIi 3acyxu

Table 1

Change in the length of barley seedlings and the mass fraction
of water in them under the effect of soil drought

BapuanTst Jln1Ha npopoCTKOB Maccosas ons Boasl, %
SKCIIEPUMEHTA OT 3epPHOBKH, CM
Kontpons 17,37 £ 0,35 92,45 +£0,11
3acyxa 12,49 £ 0,37* 89,72 £ 0,38%*

*Pasnuuus o CPaBHEHHIO ¢ KOHTPOJIEM JOCTOBEpHBI pH p < 0,05.

Metonom BOXKX Obl1 nipoaHaIu3upoBaH KaueCTBESHHBIN M KOJIMYECTBEHHBIH COCTaB ()OTOCHHTETUYECKUX
IIM'MCHTOB JIUCTHEB paCTeHI/Iﬁ AYMEHA B YCIIOBUAX MOYBEHHOM 3aCyXHu. HSyquHe IMUTMEHTHBIX 3KCTPAKTOB
MO3BOJIMIIO HACHTU(UIIUPOBATh BO BCEX MCCIICYEMbIX 00pa3iiax KUCIOPOACoAepIKAIINE KCAHTO(DUIIIBI — HEO-
KCaHTUH, BUOJIAKCAHTHUH, aHTCPAKCAHTUH W JIFOTCHH, 66CKHCJIOpOZIHbII>'I KapOTHUHOU B-KapOTI/IH, a TaKXeE
X an Xn b, ®eo a u cienoBbie KonyecTBa Deo b.

B xome paboTsI OB1I0 pacCCMOTPEHO U3MEHEHHE CoiepKaHus X1 a U X b, Deo a 1 KapOTHHOUIOB B 7-THEB-
HBIX 3€JICHBIX JIMCThSIX SYMEHS B HOPMAJIBHBIX YCIOBHSX (KOHTPOJIb) M TOJ BO3ACHCTBHEM aOMOTHYECKOTO
CTpecca, BBI3BAHHOI'O HEJ0CTAaTKOM BJIard B Io4Be (3acyxa). JlaHHbIe mpeacTaBieHbl B Ta01. 2 U Ha puc. 3.

Tabnuma 2

Conep:xanue kKapoTuHOMI0B U Deo a B JUCTHAX AUMEHS
1O/ BO3/elcTBHEM NMOYBEHHOI 3aCyXH, MKI/T CyX0il Macchl

Table 2
The content of carotenoids and Pheo a in barley leaves
under the effect of soil drought, ng/g dry weight
Bapuants! sxcniepumMenTa
ITurmeHTsI
KonTpons 3acyxa

HeoxcanTun 1124,25 £ 59,93 616,73 £ 40,76*
Buonakcantun 786,82 + 25,60 418,72 £29,25%
AHTepaKCaHTHH 89,58 + 8,66 54,65 £ 7,62%
Jlrorenn 1881,93 = 43,65 1430,14 + 38,45*
®eo a 120,22 £ 1,34 121,59 £ 10,31
B-Kaporun 2427,06 = 71,68 1414,24 + 137,59*

*Pa3nu4us o CpaBHEHHIO ¢ KOHTPOJIEM JI0CTOBEPHEI pu p < 0,05.
Kak BuzHO Ha puc. 3, @, B YCIOBHSIX 3aCyXH JOCTOBEPHO YMEHbIIAETCs 0011ee KomnuecTBo X a + Xi b Ha

13,3 % oTHOcUTENBHO KOHTPOJS. Takas ke TeHACHIINS HaOIoaaeTcs sl Kakaon ¢popmbl XIT B OTIETBHOCTH:
aHaJIM3 MOKa3aj, 4To MpH JeduIuTe BOABI cofepkaHue X a U X b B 3eNIEHBIX JINCThSIX STUMEHS CHIKASTCS
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Ha 15,0 1 9,0 % cooTBeTcTBeHHO (CM. pHcC. 3, 6). Kpome Toro, cienyeT OTMETHTD, UTO OTHOIIeHne Xi1 a : X b
B KOHTPOJIbHBIX 00pa3iiax, BeIPAIEHHBIX B MIOYBE C IMOJIMBOM, MPEBBINIACT aHAJIOTUYHBIN IMOKa3aTelb B pac-
TEHUSIX, KYJIBTUBUPYEMBIX TIPU HEJ0CTAaTKe Biaru, Ha 6,5 % (cM. puc. 3, 6), 4TO MOXKET OBITH PE3yJIbTaTOM
YMEHBIIICHHsI pa3Mepa aHTCHHBI (POTOCHUCTEM.

Taxxe OBUIO YCTAHOBIIGHO, YTO O0Opa3Ilbl, BHIPAIICHHBIC B YCIOBUSX MOYBEHHOW 3aCyXH, OTIUYAOTCS
OT KOHTPOJISI TIOHWKCHHBIM COJIep)KaHueM KapoTHHOUAOB (Ha 37,6 % MeHbIe B IMepecyeTe Ha CyXOW Bec)
(cm. puc. 3, a). Ilpu aToM HabmrOMaeTCS 3HAYUTENHHOE MMaJIeHIE KOHIICHTPAIIMK KaK KCAHTO(HIUIOBBIX Kapo-
TUHOUJIOB — HEOKCAHTHHA, BUOJIAKCAHTHHA, aHTEPaKCaHTHHA U JitoTenHa (Ha 45,1; 46,8; 39,0 u 24,0 % coot-
BETCTBEHHO), Tak U P-kapotuHa (Ha 41,7 %) (cm. Tabmn. 2). OnHako oOpamiaetr Ha ce0si BHUMaHUE MEHBIIIee
CHIDKEHHE KOJMYECTBa JIIOTEMHA, BBIMTOIHSAIONIETO IPENMYIIECTBEHHO (PYHKIIMIO HEUTpaIU3aliuyd OKHCINTE-
Jiell 1 CBOOOAHBIX PAJMKaIOB B KIETKE, TI0 CPAaBHEHHUIO C HEOKCAHTHHOM, BUOJIAKCAHTUHOM M [3-KapOTHHOM,
KOTOPBIC aKTHBHO YUACTBYIOT B CBETOCOOpE U Tepenade SHEPTUX Ha PEaKITHOHHBIC TIEHTPHI.

ala o/b
A X b A
B Xina+ I X71a
30000 - =3 KapoTuHOUbI 20000 - /= Xigb
3z 25000f x N 2
g2 2 9 15000
2 2 20000 8 =
Qo S
= O = Q
5 5 5 2
g 215000 S 210000
s X :
~Z 10000 ~ g
5000
5000 F H *
0 1 1 rl 0 1 1
KonTpons 3acyxa KonTpons 3acyxa
6lc
A
30+
5 25F *
2
o 2,0+
<
2150
N
Q 1,0 -
0,5+
0

KonTpons 3acyxa

Puc. 3. Conepxanue GOTOCUHTETHUCCKUX TUTMEHTOB
B JINCTBSIX STAMEHS T10]] BO3JIEHCTBHEM [TOYBEHHOMN 3aCyXH:
a — KOTM4YecTBO X @ + X7 b 1 KapOTHHOMUJIOB; O — KOIN4ecTBO X1 a 1 X1 b;
6 — oTHOWIeHUE X1 a : Xu b; * — nocroBepHo mpu p < 0,05

Fig. 3. Content of photosynthetic pigments in barley leaves under the effect of soil drought:
a — the content of Chl @ + Chl b and carotenoids; b — the content of Chl a and Chl b;
¢ — the ratio of Chl a : Chl b; * — significant difference, p < 0.05

B nenom mpuBeseHHBIE BBINIE JAHHBIE CBUACTEIBCTBYIOT, YUTO HEAOCTATOK BJIATd B MOYBE OTPHUIIATEIHHO
BIIMSICT HA HAKOIUICHHWE XJI U KAPOTHMHOHUIOB B KIETKAaX PAcTeHMi stuMeHst copTa bposap. OmgHako uHTEepec
MIPEJICTABIISIET HEU3MEHHOCTh COJICPKAHHS MPU 3TOM (PeOo(GUTHHOBBIX MUTMEHTOB (cM. TaOn. 2). M3BecTHO,
YTO OJHUM W3 TIOKa3aresiei pa3BUTHS OKUCIUTEIHHOTO CTPECCa B pACTUTEILHON KIIETKE CITYXKHUT N30BITOYHOE
HakorieHne deo, KOTOPBIN B HOPMAIBHBIX YCIOBUSAX COJIEPKUTCS B KIETKE B KpallHE HU3KUX KOHIICHTPAIIHSIX
Y BBITIONHSET (PYHKITUIO TIEPBUYHOTO aKIIETITOpa AIEKTPOHOB B poTocucteme 2 [15]. [ToBbIieHHOE KOMTMYECT-
BO Dco SBISIETCA HE MPOCTO MOKA3aTEIeM Pa3BUTHUS OKUCIUTEIBHOTO CTPECCa, IPU KOTOPOM MPOUCXOIUT
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MoarduKaIyst Moekys XJ1 ¢ 00pa3zoBaHHEeM Oe3MEeTalIbHBIX TOP(QUPHHOB, 3TO TAK)KE MOTESHIIMAIBHO OMTACHOE
COCTOSTHHE C TOUKH 3pPECHUS YCHIICHHS Pa3BUTHSI OKHCIIUTEILHOTO cTpecca, MOCKobKy deo — MouHbIi GoTo-
CEHCHOMIIM3aTOpP, CIOCOOHBIA Ha CBETY T'€HEPUPOBATh CHHIIICTHBIN MOJEKYISpHBINA Kuciopon [16]. OrcyT-
crBue (akta HakoryieHns: Deo B JMCThSIX STYMEHsSI copTa bpoBap B yCIOBUSX MOYBEHHON 3aCyXH MOXKET yKa-
3bIBaTh Ha OTCYTCTBUE aKTUBHO MJIYIIUX B KJIETKaX PACTEHUH OKUCIUTENBHBIX MpoueccoB. OTHAKO MPSMBIM
CIO0COOOM BBISBIICHHS OKHCIUTEIHFHOTO CTPecca B KIETKAX SIBIACTCS PETUCTPAIlUS U3MEHEHHS B HUX YPOBHS
aKTUBHBIX (hopM Kuciopona. B manpHelimeM miaHUpyeTcs MPOBECTH COOTBETCTBYIONINE UCCIEOBAHUS IS
MIPOBEPKH BBICKA3aHHOTO MPEIIOI0KEHHUS.

3aKjaoueHne

Takum 00pa3oM, HAMU YCTAHOBJIEHO CYIIECTBEHHOE BIMSHUE TIOYBEHHOH 3aCyXH Ha MOP(HOMETPUUECKUE
napamMeTpsl JUCThEB sTUMEHs copTa bpoBap, a Takxke conepkanne B HUX (OTOCUHTETHYECKUX MUTMEHTOB — XJI
1 KapoTHHOMAOB. OHAaKO 3HAYMTEIHHOE CHM)KEHHE POCTOBBIX IMOKa3aTeseil pacTeHUH B YCIOBHUSAX 3aCyXH,
YMEHBIICHUE KOINYecTBa X U B OCOOCHHOCTH KapOTHHOWJIOB MPOUCXOAMIN Ha ()OHE OTCYTCTBHUS H3MEHE-
HUS ypoBHS peoduTuHa. MBI npeanonaraeM, 4To MajgeHue KOHIEHTPAIIUN MUTMEHTOB CBS3aHO B OCHOBHOM
HE C JIeCTPYyKIMel B pe3yiapTare cTpecca, a CO CHIKEHMEM HUX CHHTE3a, YTO MOXKET OBbITh aJlanTallMoHHON
peaxiuel pacTeHui, MO3BONIAIONICH MUHIMU3UPOBATh BEPOSITHOCTh 00pa30BaHUs aKTUBHBIX JOPM KHCIOPO-
na B (POTOCMHTETHYECKUX MeMOpaHaxX NMpH HEeJ0CTAaTKE BJIArd, a Takke ONTHMHU3UPOBATH B ATHX YCIOBHSIX
WCTIOJb30BAHNE YHEPTUU CBeTa JUIsl (POTOCHHTETUYCCKUX TPOIIECCOB, HAa UYTO YKa3bIBACT MPEHMYIIECTBCH-
HOE CHW)KEHHE TaKUX KaAPOTHHOMJIOB, KAK HEOKCAHTHH, BUOJAKCAHTHH U J-KapOTHH, aKTHBHO yYacTBYIOIIHX
B CBETOCOOpE M Tepeade SHEPTUHN Ha peaKIMOHHbBIE EHTPhl. CTOUT OTMETHTD, YTO BBIOPAHHBIHN A HCCIIe-
JIOBaHUA cOpT ssiuMeHst bpoBap siBisgercs 3acyxoyctoiuuBsM [17]. OOHapykeHHass HAaMH TOHKas TOJCTPOMKa
KOMIIOHEHTOB (DOTOCHHTETHYECKOTO armapara K IeHCTBUIO 3aCyXH MOXKET OBITh OJJHUM U3 KITFOYEeBBIX (DaKTO-
POB, OIPEAEISIIONMX YCTOHUHUBOCTb 3TOr0 COPTA K JAHHOMY BUYy aOMOTUYECKOIO CTpecca.
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