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UCCJIEJJOBAHUE ®OTOCUHTETUYECKOH
YOOPEKTUBHOCTU APBYCKYJISIPHOM MHUKOPU3bI

JIIOIEPHBI XMEJEBHUAHOH

A.P. Yurkov, D.G. Semenoy

NONINVASIVE SPECTRAL PHOTOMETRIC ANALYSIS
OF THE PHOTOSYNTHETIC EFFICIENCY
OF ARBUSCULAR MYCORRHIZA IN BLACK MEDIC

HacTosiee HCCEAOBaHHE Bbl/I0 HANPas/IeHo Ha Co3AaHHne 1 anpobaLio OrnTHKO-
MEXaHIUYECKON VCTaHOBKHM HEMHBAINBHOIO CIEKTPOMETPHMYECKOIrO aHa/inia OTPaXeHns
CBETA /MCTLIMU PACTEHI. C MIOMOUBIO YCTAHOBKH POBEAEHO HCCACA0BaHHE POTOCHH-
TETHYECKOW SMEKTUBHOCTH CUMEHO3a MIOLEPHBI XMEneBhaHoH (Medicago jupuling) co
WTAMMOM IHAOMUKOPH3IHOrO rpnba Glomus intraradices. OnpeneneHbl CeEKTPasbHbie
[HBN330HbI, HAMO0EE YYBCTBUTESLHLIE K MHUKOPH3ALMH! 709-715 umM u 527-574 HM.
B 3TUX AMANAZOHAX STNCTES MUKODH30BAHHBIX PACTEHHH MMENTH DOSIEe HH3KOE OTPaXe-
HHE (3 FHAYNT, CHITBHEE MOIfIOWa CBET) B CPABHEHHH C JIHCTbAMI KOHTPOIbHBIX pac-
reHmit. [TIDOBEAEHO CPABHEHNE JHHAMNKI CBETOOTPAXEHHS B YKAAHHbIX CIIEKTPA/IbHBIX
06N3CTHX DPa3IBUBAIOUIMXCT MUKOPHIMPOBAHHbLIX W KOHTPOSBHbIX pacTeHmit, BbIPALEH-
HbIX Ha [TOYBE € HU3KHUM M ONTHMA/IbHbIM COAEPXAHHEM @PocPopa. YCTaHOBEHb! Orpe-
[ENEHHBIE MPEHMYLLECTB HENHBA3NBHOIO CNEKTPOMETPHYECKOro 1ogxoda K OUEHKE
KTHBHOCTH (DOTOCUHTE3A NEPEL BHOXUMHHECKHMI METOLAMH.

The research is aimed at developing and testing the optic mechanical set for non-
invasive spectral analysis of leaf reflectance. The set was used in order o explore pho-
tosynthetic efficiency of symbiosis between black medic ( Medicago lupulina) and strain
of endomycorrhizal fungus (Glomus intraradices). The spectral bands which are most
sensitive to micorrhization bave been identified: 709-715 nm and 527-574 nm. In these
spectral bands the leaves of mycorrhizal plants demonstrate a lower level of reflectance
(therefore a high level of absorbance), as compared to the control. We have compared
the light reflectance dynamics in ontogenesis of mycorrhizal and control plants, both
growing with low and normal phosphorus levels in soil. The noninvasive spectrometrical
approach under study has showed certain advantages in evaluation of photosynthetic
activity compared to biochemical techniques.

BeepneHne

CaMblM PacHpOCTPAHEHHBIM PAaCTHTENBHO-MUKPOOHBIM cumbro30M Ha 3emie
gpasercs apOyckynapHas Mukopusza (AM). Ee o0pasyior OOJIBLUIHHCTBO HA3CMHbIX
pacTeHMil ¢ HAOMUKOpH3HbIMI Tpubamu Tuna Glomeromycota. AM oxassiBaer 00-
HECTUMYIHPYIOLICE BIHAHME HA PAacTCHHA, YCHIIMBAs HX IHTAHHC, ocobenno ¢oc-
hopHOe, M 3anMiLas OT KOPHEBBIX IATOrCHOB. MukocHMOHOHT 1HOJy4aeT OT pacre-
HHA THOKO3Y B KAUECTBE JICTKOIOCTYIIHOTO JHEPrOCMKOro cybcTpata i pyrue opra-
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Konorusa
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HHYCCKHE MOJIEKYBI, CHHTE3MPYCMbIC KIIETKaMH pacTeHus-xo3suHa (Bago, 2000).
Mouiojloe pacTeHne, OYEBHAHO, HC MOXKET ABJIATHCH [MOJNHOUCHHBIM TAPTHEPOM B
cumbHO3€e 10 TeX Mmop, MOKa €ro JHCTHA HE CO3JaAyT A0CTATOMHO Pa3BHTYIO H30BI-
TOYHO AKTHBHYIO cuctemy hotocunTernyeckoil npoaykuun C-coennuenuit (Pfeffer,
1999, Estrada-Luna, 2000). Bmecte ¢ Tem nokasaso, 4to HHGpUUUPOBAHHE pacTEHHS
rupamMu 1 apOycKkyaaMy MUKOCUMMOHONHTA NIPOUCXOIUT YIKE Ha CaMbIX PAHHMX CTaliu-
ax oHtorcuesa pacreuuit (Duc, 1989; Smith, 1997). OueBuino, B (popMUPOBaHHH
cumOHO3a MHHUMHpPYIOIIAS PO/bL HPHHANEKAT UMeHHO puly. Bospocuuii B pe-
3YJILTATEC MHKOPH3ALIMH NPUTOK (hocdopa «aBaHCHPYET» YCKOPEHHOC (hOPMHPOBAHHE
BCEX BHYTPHKICTOYHBIX M TKAHEBLIX CHCTCM XO3fHHA HEpe3 CTHMYIIALMIO FHEProod-
McHa. HeemoTpa Ha akTyanmbHOCTh MCCIIEJ0BAHHA CTOJIb PacnpoOCTPAaHEHHOTO H T0-
JM(pYyHKUMOHATLHOTO BHAAa cuMOKMO3a, /10 CHX MOp HE SCHA AMHAMMKA TOKazaTelch
¢orocuaTeTHYECKOH QP (PEKTUBHOCTH MHKOPH3BI B X0/1€ OHTOICHCTHYCCKOI'O Pa3BH-
THa purocumOnonTa. Iockonbky 00bivHbIe DHOXHMHYECKHE METO/IbI MMO3BOJIAIOT CY-
JUTH O TOTAJIBHOM COJIEPKAHHH XJIOPO(MHIIOB H KAPOTHHOW/0B B BBITAXKKAX M3 [0-
MOI'CHATOB JIUCTHEB PACTCHUA, OCTACTCH HE SCHbIM, KaKasg HX 4acTh OTHOCHTCS K 11yJ1y
[IMIMEHTOR JICHCTBHTENBHO (POTOAKTHBHBIX Ha gaHHOM (haze pazsurTus. Kpome Toro,
OHMOXHMHUCCKHE JIaHHBIE HE MOIYT ObITh B IOTHON MEpe NPHIOKHUMEl K HHTAKTHOMY
PACTEHHIO in vivo, BO BCAKOM Cly4ac, B OTHOWUICHHUH CHEKTPAIbHBIX XapaKTCPHCTHEK
BBIICCHHBIX MUIMCHTOB, OQHHM M3 NCPCHEKTHBHBLIX METOI0I0IHYCCKHX [101X0/10B,
MO3BOJAIOLMX PELIHTL ITH NPOOJICMbI, ABIAETCA CIICKTPOMETPHA CBETOMOITIONICHHS
JTHCTHAMM HHTAKTHEIX PACTCHUH HA Pa3IMYHBIX ITaNax ero pasBHTHA,

Llens1o HeenegopaHua AB/sU1ack pa3paborka METOHKH HCHHBA3MBHOH CIIEKTPO-
METPHYCCKOH OLICHKH [MOIJIOIICHMA CBETA JHMCTHAMH JIIOLEPHLI  XMEJICBH/HOM
(Medicago lupuling 1..) n ec ncnuiTanus B yCJIOBHAX pa3BuTHs cuMOKHO3a ¢ IHIOME-
KOpH3HbIM rprdooM (Glomus intraradices).

MaTepuanbi U MeTobl

Obvexm uccnedosanus

B xauecTBe MOAENBHOrO pacTeHUA-X03smHa Obl1a BeiOpana nuuus S9m2 copro-
nonynauuu BUK32 mouepusl XMenesu/1HOH, KOTOpas XapakTepu3yeTcs paHHHUM OT-
KJIHKOM Ha MHKOpH3aumio (8-12-e cyTkH oT nocajku). B kasecrse MUKocMMOHOTa M3
HECKOILKUX TaMMoB Buna Glomus intraradices 6uu1 BeIOpan BeICOK03(G(hexTHBHBIIH
wramm CIAMBS, cenextupoBannsiii B0 BHHH censckoxossiicrsennoi MukpoOHomo-
rud. MHOKY SIS ¥ BErCTaUHOHHBIC YKCTICPUMCHTHBI MMPOBE/ICHBI B CTCPHIIBHBIX YCIIO-
BUAX JUif H30CKAHMA 3apakeHHMA WHBIMH PH30CHEPHBIMH MHKPOCHMOHOHTAMH M0
metouke JLM. fxobu ¢ coasropamu (Jacobi, 2003). ITockonbKy OCHOBHYIO 3K0/10-
FHYECKYIO (DYHKIMIO MHKOPH3bI CBA3BLIBAIOT ¢ yeuneHueM ¢ochopHOro nuraHus pac-
TCHHH, HCOOXOMMO OBLIO BBECTH B HKCHEPHUMEHT MEPEMEHHBIH OKA3ATEb TI0 YPOB-
HIO (hocopa B nouse. CeMEHA BBICAKHBANCE B MOYBY JBYX THIIOB: COJCPKALIYIO
tHu3kui (1,7 mr P va 100 r) wan cpepnuit (Breceno 17,2 mr CaHPO,*2H,0 na 100 ¢
MOYBbl C HU3KHM ypoBHeM P) yposensb (pocdopa.
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M

B JKCliepMMEHTaxX aHAIN3HPOBAIH JIHCTBA YETBIPEX IKCICPHMCHTAIBHBIX TPYTIN
PACTCHUH:

1) pacrenns, Bohipoctine 063 MHKOPH3BI M NPH HH3KOM COJICPKAHNH tocdopa
B nouse (M P);

2) pacrenns 6e3 MHUKOPH3bl, BBIPOCIIHE HA 110YBE CO CPCAHHM COACPKAHHCM
pocdopa (M P);

3) pacTeHusi ¢ MUKOPH30H Ha I10MBE C HU3KUM CONEPIKAHHCM dhocdopa (MP),

4) pacTeHus ¢ MUKOPH30H Ha HOYUBC C BLICOKHM COJICPIKaHHCM dhocopa (M'PY).

JINCThY Kak10i rpynisl aHAIM3MPOBATY HA Pa3HbIX CTAAHAX Pa3sBHTHA, T.C. pa3-
HbIX cpokax nocie mocaaku (o1 10 10 42 cyr.). BeIOpaHHbIC CPOKH COOTBCTCTBOBAIM
CTAAMAM TIOJIHOTO Pa3BHTHA JIHCTHCB KAXK/10r0 NOpsAKa Ot “okpyraoro” (cragus 0)
10 “uerseproro” (cramus 4). Kpome toro, Obina yuyreHa CC30HHOCTL BCICTAIHH. Jlis
JTOro AHANHIMPOBAIN /IBA MOKOJICHHA PACTCHHH — BECEHHCC i JICTHEC.

OnmuKko-mexauuiueckas IKCnepuMenmaibiidaa yCmanoeKd

CrexkTpaibHbIC U3MEPEHHA CBETONOIIOWCHUS JTHCThAMH PACTCHHUI [TPOBE/IEHBI
¢ [OMOIIBI0 ONTOBOJOKOHHOTO ABTOMATH3MPOBAHHOTO cnekTpomerpa AVS-52000
(Avantes B.V., Netherlands). Kommexc aBToMaTH3HPOBAHHBIX PCHHMOB H3MCPCHHA
it 06pabOTKH JAHHEIX B PEAILHOM BPEMEHH TOUICPHKUBATICA TPOrPAMMHBIM obecrie-
genueM npubopa AvaSoft 5.1. O6 ocobeHHOCTAX MOTJIOUICHHA CBETA OCHOBHBIMH
MHIMEHTAMH, YHACTBYIOUIHMH B GOTOCHHTE3€ — XJIOPOQHIIAMH M KapOTHHOHAAMH —
CYIMIIM IO MHTEHCHBHOCTH OTP@KCHMA CBETA OT MOBCPXHOCTH JIMCTOBBIX [UIACTHH
s muanazone 400-800 um. MctounukoM cBeta cayxuaa rajorennas namna KI'M-9
(70 Br). B kadecTtBe OCBCTHTECIA HCNO/IbL30BaH CTaHAapTHLIN ONaK-HUTIOMHHATOP
mukpockona JIIOMAM-K (JIOMO, CII6., Poccus). B €ro coctas 1OMHMO JIaMithl
BXO/IHJI KOHleHcop, auadparMa u AHXPOHYCCKOE 3CPKAIO, HAallpaBigiomee CBET BEP-
TMKAJTBHO BHM? Ha TOPH3OHTAJILHYIO MOBEPXHOCTh CTOJIMKA — NPCNapaToBOAHTCIA,
[JIe PACIONArajuch CBEHKECPE3aHHBIC JTHCThA pacteHuid B 50 MM OT JAHXPOHYECKOI0
sepkana. CBET, OTPaXKEHHBIH OT NOBEPXHOCTH JIMCTHEB, MOCTYHAI BBEPX HEPE3 JIHX-
POMUYCCKOC 3€pKado M “KpacHbIH’ HIUPOKOMONOCHBIH (PHILTP B KOIMMALHOHHYIO
cHeTeMy okymspHoii npuctaskn OJIK-2V42, doxycnposasca Ha KOTHMATOPE OIITO-
BOJIOKHA M HANPABIIAJICA Ha pErncTpHpylommii 610k ciekrpomerpa (puc. 1).

B kannbpoBoYHBIX H3MCPCHHAX Obl10 YCTaHOBICHO, ¥TO, HCCMOTPA Ha CAHHYIO
KAYCCTBCHHYIO KAPTHHY CIEKTPa OTPAKEHUA OT JHCTOBBIX MUIACTHH, AMIUIUTYIIHBIC
JHAYCHNS B PAXTHYHBIX HAaras’onax BOJH Kojebamuch B npeiejiax CHHHIL MpOICH-
10B B 3aBHCHMOCTH OT KOHKPETHOI'O JIHCTA M €ro opuerTaimu. Urobst u3bexarp pas-
fpoca JaHHBIX, BBI3BAHHOTO MHAMBHIYQIbHBIMH AHATOMHUYCCKHMH M I'COMETPHHC-
CKHMH (DAKTOPAMH JIMCTOBBIX TJIACTHHOK, aHAIN3Y HOABEPTAIMCH OJHOBPEMCHHO 12
TMCTHCR M3 KaX10H JKCIIEPMMEHTANLHON cepuH. JIMCThA YKIIA/bIBAIMCH Ha CTOTHKE
B IPOM3BOJILHOH OPHEHTALMH CILIOLIHBIM “nokpoBoM” @ 15 MM, COOTBETCTBYIOLIHM
10 IUIONLA/H HATHY OTHIOCTHPOBAHHOIO [AJIAI0IIEro CBETA, a caM CTOJIMK MOI" ITOBO-
PAYMBATHCS BOKPYT ONTHYECKOH OCH — IEHTPa YKIaAKH (puc. 2).
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Puc. 1. CxeMa 3KCnepMMEeHTaILHOH ONTHKOMEXAHHYECKOH YCTAHOBKH.
| - Gnok nwTanks; 2 - ranorcHHas nammna; 3

KoHuaercop; 4 — anadparma; 5
6 — CTONMK-NPENapaToBOAHTEL; 7 — “KPAacHI HIMPOKONONOCHLIH (PHALT],
KOJTHMATOD ﬂl\'}’.’]ﬂpHﬂﬁ [TPHCTABKI, 9 KOJLTHMATOP CIICKTPOMCETPA, 10

11 - cnextpomerp AVS-52000; 12 — koMmnbioTep
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Puc. 2. Brok MakpoCKOMHHCCKOTO CNICKTPAILHONO AHATH3A € YCTAHOBKOH /U4 BPalCHHS Npenapara.
¢t — BNOK MAKPOCKOIMHYECKOTO CHEKTPAILHOTD aHANHSE; 6 - CXeMa YCTPOHCTBA JUIN BpallieHHA
npenapata; OJIK - oxyaspras npucrapka; JJTIOMAM - onak-wimoMHHATOP MUKPOCKOTE,

AvaSpec - MIMepHTE/IBHBIA 610K clEeKTpoMETPa
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JUia K0 TaKOH YKIAQJKH CMEKTP OTPAXKCHHA PErHCTPUPOBAIICA HEPC3 KaXK-
apie 45° oBopora cronuka. CreKTpalibHbie CKaHbl 8 COOTBETCTBYIOLIMX NOZHLMH yC-
PEAHAITHCD.

Pezucmpanua ompaxycenus A1UCMOBbIX NAACIMUHOK

[TocKONBKY B YCTAHOBKE MCIO/b30BAH ONAK-HIUTIOMHUHATOD, ABISIONIMHCA OHO-
BPEMEHHO BXOJHBIM OINTHYCCKHM KaCKaJZOM (OTOMETPHUCCKOH CHCTEMBI, B KaHCCTRE
MEpBI CBETONOrIOMICHHA GaKTHYCCKH U3MEPAIICS CIICKTP OTPAXKCHHUA JTHCTOBBIX TIIa-
cTHH. W3MeHeHMs OTPaKEHHOTO CBETA OT JIMCTHCB, BBI3BAHHBIC CTAJHEH Pa3BUTHA
PACTCHMS, €ro MHKOpH3alHeH n/win 106aBKkoi pochopa ONpeeIsInCh B CPABHCHUM
¢ HTAOHHBIM OTpaxkareiaeM (TeIOHOM), @ TaKke ¢ KOHTPOJIBHOH rpynnod M P.
ABcomoTHAs BEIHYMHA OTPAKCHHOTO CBETa JUIM KaKAOH JUIMHbI BOJTHBI W JUIA KakK-
0l CTA/THH Pa3BUTHA M3MEPAIACH B CAHHHIAX Avanles ¥ pacCUHThIBAIACH B CPABHE-
K ¢ FTamoHoM 1o dopmyne: R; = 100*[Sample;] / [Teflon;], a B cpaBHEHHH C KOH-
TPOJILHBIMM 00pa3IaMu JUIA KaXJ10# CTANH PasBHTHA ONPEC/IIACh OTHOCHTEIbLHAA
XapaKTCPUCTHKA CBETOOTPAKEHUA JUIA KAXKJOW JUTHHBI BOIHBL TI0 dopmyne: P =
100R; /Ry, The: [Sample;] — abconoTHOE 3HAYCHHE OTPAXKEHHA OT [HOBCPXHOCTH 00-
pasia Ha Jumue BosHbl A; [Teflon, ]| — abcomoTHoe 3HAYCHHE OTPAXNKCHUA OT MOBEPX-
HocTH Te)IOHA HA JUIHHE BOJIHBI A, Pj — OTHOCHUTEIbHAA XapaKTePUCTHKA H3MCHCHHA
CBETOOTPAKEHHA MCCIICYEMBIMI ITMIMEHTaMH; R — abCOMOTHOC 3HAUCHHE BEIHYH-
bl OTPAKEHHs ONBITHOrO 00pasua uis JaHHOH JIHHBI BOJIHBI A MJIM MHTETPUPOBaH-
HOE AMILTHTY/IHOE €€ 3HAYEHHE /Ul Y3KOro BOJAHOBOTO AMana3oHa; R, — TO XKe i
koHTpO:IbHOro obpasua. [lonyueHHbic 3HaYCHNS Py HHTETPHPOBAIHCEH B oToOpaHHBIX
HAMM B XO/IC KaMHOPOBOYHBIX IKCIIEPUMEHTOB JIHAna3oHax JUIHH BOJIH 110 KPHTCPHIO
pPaITHYHON AKTHBHOCTH MOTIOMCHHSA cBeTa. [IoMUMOo OnpeACIeHHA P;, Nony4eHHBIC
BCTHYMHB! OTPAXKEHHS OT JIMCTOBBIX MJIACTHH PA3IHYHBIX IKCIICPUMCHTAIILHBIX TPYIII
B CHEIM(HUUCCKHX CICKTPaIbHbIX 001acTaX ObliM COXpaHCHBI YIS HX HCTIOJIh30BAHMA
P PACYETEe MHTErPAJIBHBIX CHEKTPOMCTPHYCCKUX HHJCKCOB, KOTOPBIC XdpaKTCpH-
YI0T AKTUBHOCTH CBETOIMOIIOMIAIOIIMX cybeTpaToB HOTOCHHTESA (Gitelson, 2004).

Cmamucmuyeckun ananus
BHO/IOIHYECKasA MOBTOPHOCTS JAHHBIX COCTaBNsIa 12 pacTeHNH JUl KaXI0T0 H3

BAPHAHTOB, aHATHTHYECKH KOd(duIMenT paseH 8 (4HCIO NO3HIMHA CTOJIHKA-NIpera-
patosojuTeng). B kaxjom Tecte ypOBCHbL 3HAYHMOCTH ObL1 BeIOpan pasHbIM 5 Y.
Pasnuuns BEIMYHH OTPAKCHHUA MEXKIY BAPHAHTAMHM PACTEHMil MO KAKIOH (ase pas-
BUTHA M My (a3zamMu PasBUTHA JUIS KAXKJIOTO BapHaHTa PacTEHWi NPOAHAIH3HPO-
BAHB! C HCIIOJIL30BAHHEM MMAPHOIO [-TCCTA.

Pe3synbTaThl

UccnenoBaHo BAHAHHE MUKOPH3AILHH HA CIIEKTP OTPAXKCHUS JIMCTOBBIX NITACTHH
HA PA3HBIX CTAUAX PA3BHUTHS PACTCHHA B YCIOBHAX HH3KOI'O M CPCJHETO COACPKA-
aust ocdopa B mouse. Ha puc. 3, 4 npeicrapieHa JMHAMHKA aMILIHTY/IbI CTIEKTPOB
OTPAKEHHA JIMCTOBBIX TUIACTHH JTIOLEPHBI XMEICBHIHOH M0 MEPEC CC PA3BHTHA. Axk-
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IKOTIOrmsa

THBHBIMM 00JIaCTAMH CNEKTPA OTPAKEHHA, N0 KOTOPHIM BhIYHCIAIOCH HHTEIPAILHOE
3JHAYCHHE MHTCHCHBHOCTH OTPAKEHHOI0 CBETA, OKA3a/JMCh BOJIHOBBIC JIHANA30HH
527-574 um v 709-715 um.
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CyTku oT nocesa

Puc. 3. JIuHaMHKA OTHOCHTENBHBIX XAPAKTEPHCTHK HIMEHEHHS CBETOOTPAXKEHHN (Psz7_574) MHIMEHTOB
NHMCTOBBIX UIACTHH PACTEHMH THHMH S9M2 MoUepHBl XMEICBHIHOM.
MP u M P - rpynnei pactenuii 6e3 MHKOPH3B Ha MOYBE C HHIKMM M CPEJIHHM YpoBHeM P,
coorsercTBenHo; M'P™ u M'P’ — rpynmnst pacrennii ¢ MuKopH30it Ha nowse
C HH3KHM H CPEIIHUM YpOBHeM Pj, CoOTBETCTBEHHO

[ P ageais = TOO* R 549045/ R q09.715¢ ——MP
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Puc. 4. JlnraMuKa OTHOCHTE/TbHBIX XAPAKTEPHCTHK HIMEHEHHS CBETOOTPaMEHMA (Pogg.7 5) mHT-
MCHTOB JIHCTOBEIX MIACTHH pacTeHuil nHHuKM S9mM2 molepHEl XMeneBHAHOM (MOSCHEHHA CM. Ha puc. 3)
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YYEHBIE 3AIMTHCKH Ne 7

JlocToBepHbIe pa3jiHyHsA B CICKTPE OTPAKCHHA 527-574 uM 3apeTHCTPHPOBAHBI
MEK/Iy TPYNIIAMK PACTCHHI, BHIPALICHHBIX B YCHOBUSAX HH3KOI'O M CPCAHETO ypOBHA
docdopa B nouse (puc. 3). Haubonee panHuil OTKITHK Ha MUKOPH3AIHIO 3aperUCTPH-
posan B auanasone 709-715 HM yxKe Ha 10-e cyTkm ot mocaaku (puc. 4). Ha 16-¢
CYTKM OT TOCA/IKM 3HAYEHHS OTPAKCHUSA JIMCTOBBIX ILIACTHH BBLIPABHWUBAIOTCH OTHOCH-
Te/IbHO KOHTPOIBLHOTO BAPHAHTA BO BCCX AKTHBHBIX ANAITa30HAX [UTHH BOJIH (puc. 3, 4).

Kak nmokasany pe3yibTaThl MUKPOCKOIIHHECKHX HCC/ICOBAHMIM, B MIEPUOL ¢ 7-X
10 16-¢ CyTKH OT MOCeBa, T.e. 40 (a3bl pa3BUTOro NEPBOTO HACTOALICTO JIMCTA, HpO-
HCXOIMT CTAHOBJIEHHE OCHOBHBIX CHMOHMOTHYECKHX CTPYKTYP MHKODH3LI (Yurkov,
2007). BeposTHO, OTCYTCTBHE Pa3M4ui B CIEKTPE OTPAKCHMA, PEeruCTPHPYEMOM
¢ 12-x no 16-¢ cyTKM OT MOCAKH, CBA3dHO UMEHHO C HAYA/I0M pa3BHTHA apOyckyl H
Be3MKYJ1, KOTOpbIE AKTHBHO 3aNOTHAIN KOPHH buTocuMOHOHTA.

JlocTOBEpHOE CHIKEHHC OTPAKCHHA OT ILUIACTHH TPEX TPYNN ONBITHRIX pacte-
it 8 o6macty 709-715 HM 10 CPaBHEHMIO ¢ KOHTPO:IEM HaO/IIOMAETCA He NO3AHEC
24-x cyToKk OT nocaiaku. VIMEHHO Ha 5TOM STane (ga dase MONAHOIO pasBHTHA 2-T0
HACTOSLLICI'O JTMCTA) OTILITHBIC PACTCHHS [EPEXONAT B a3y crebnesanns. ITH JaHHBIC
MOKHO TPAKTOBATH B MOJb3Y TOTO, YTO JAOCTOBCPHOE MPEBLILICHHE MHTCHCHBHOCTH
DOTOCHHTE3A Y OMBITHBIX TPYIIT MO CPABHCHHIO C KOHTPOICM HabmoaeTes Ha Ha-
qaTbHOM dTane passuTus crebisi. B nocneayromme CpokH OTPAKEHHE JINCTOBLIX IUId-
CTHH OTBITHBIX TPYIIN PACTCHHH COXPAHAIOCH HA Dojlec HN3KOM YPOBHC. Ha nocnen-
HeM AHAM3UPYEMOM Cpoke (42-e CyTKM OT MOCANIKH) JAHCTbS MHKOPH3OBAHHBIX Pac-
TeHWii, BHIPALEHHBIX HA NOYBE C HHU3KHM M CPEHMM ypoBHEM (ocdopa (MP n
M'P’), umermn ocToBepHO Gosiee HH3KOE OTPAXKEHHE HE TOJNBKO B CPABHCHHH € KOH-
TpobHOMH rpynmoi M P, HO H B CPaBHCHHH C rpymnnoi 6e3 MHKOPH3bl, HO BbIPAICH-
Hoii iy HopMansHOM (ochopHom nmutanuy (M P"). Dro Habmoaatoch Kak B 0bnac-
m 527-574 um. Tak 1 B obmactu 709-715 um. U3 puc. 3, 4 BHAHO, YTO pACTCHHS ITOH
TPy bl (M P") umeroT mokaszareib OTPameHHA paubosee BIN3KHHA K KOHTPOJIIO,

Takum 06pazoM, pe3yibTaThl MCCIEAOBAHHA GKMUGHbIX JHANA30HOB CICKTPd
OTP@KECHHUS JIMCTOBBRIX [JIACTHH JTIONCPHEI XMEJICBUIHOH ITOKa3aju, YT0 MHKOPH30-
BAHHBIC PACTCHYS MPH MOJHOM MX PA3BHTHH HMEIOT Gonee HU3IKOE OTpakeHHe, a 3Ha-
yut. Gosee BHICOKOE MOTJIOLICHHE. JTO CBHACTEILCTBYCT O TOM, HTO OHM obnanaor
Gosee BLICOKOH (OTOCHHTETHUECKOH aKTHBHOCTHIO. B o0oMX JHana3oHax JHHaMHKa
noka3are/s (DOTOCHHTETHYECKOH AKTHBHOCTH KAUCCTBCHHO OJIHOTHITHA, OJTHAKO HH-
TerpaibHbIA [10Ka3aTeNb B AManNa3oHce 709-715 um npejacrasnserca Oonee TyBCTBH-
renbHBIM  (BO BCAKOM Cilydae, 1O AMILIATYZAC) K (PU3HONOrHYCCKHM HIMCHCHMAM,
KacaloluMcs anmnapata poTOCHHTE3A.

OTMETHM, YTO NIPY AHAIM3E OCTATBHBIX 0ONacTCi CICKTPa OTPAXKCHMA MOkasa-
HO, YTO MAKCHMMAIBHOHW MOIPEHIHOCTBIO obnajzan aManazoH JUIMH BOJH BOJIM3W MH-
hpakpacHoro cnexrpa — NIR-iManasoH — 750-780 um. B aToit obnacty npoHCXOIHT
PE3KOE YBEIHUCHHE OTPAKEHHS, KOTOPOE JAKE Ui OHOIO ¥ TOT'O 2KE JIUCTA CYILECT-
BEHHO BAPbHPOBAIO IPH Pa3IHYHOH Cro OPHCHTALHH. 3neck OOBIMHO (PMKCHpYETCHA
[I0JIOXKCHHE “KPAacHO# KPOMKH™ — AR (Curran, 1990; Gitelson, 1996). O4eBHHO, HC-
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cieioBanue B auanasone 750-780 HM B JaHHBIX METOAMMECKHUX YCIOBHAX SABJIAETCA
HauMeHee HHhOpPMaTHBHBIM.

Haumenee n3menanseim okasaica auanasod 682-690 um. JlocrosepHsie pasmm-
4K MEK/Y 4 rpynnamMy pacTeHHH 3a(pUKCHPOBAHB! TONBKO Ha 28-¢ CYTKH OT NOCaJKH
(puc. 5). C ojiHOH CTOPOHBI, pACHET CIICKTPAJIbHBIX NOKA3aTenei B JaHHOM JMana3zo-
He fonee ToueH (MOrperHoCTH B 3T0H 001aCTH HECKONBLKO HHIKE, YeM B OCTAINBLHBIX),
HO C JIDYr'OH CTOPOHBI, [TO-BHIUMOMY, OH SBHO MEHee CeNeKTUBECH, BO BCAKOM ClTydac,
B 9KCIIEPHMEHTAX C MUKOPH3aINel pacTeHMIA,
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Puc. 5. JIHHaMHKa OTHOCHTENLHLIX XAPAKTEPUCTHK H3MeHeHHA cBeTooTpakeHuA (Pygy 400) MATMEHTOR
NIHCTOBBIX [JIACTHH PACTEHHH JIMHUK S9M2 monepHsl XMeJIeBHIHON (MOACHEHNA CM, Ha pHC. 3)

3aKnwJvyeHue

Pesynsrarsl anpodauuu pa3paboTaHHOH METOIMKH MMOKa3a/IM €e MPeHMyIIecTBa
epeil KJIACCHYECKHMI OHMOXMMHHYECKMMH METOAaMH OLCHKM HMHTECHCHBHOCTH (oTo-
CHHTE3a Mo paAy No3sHUHH. BO-NCpBLIX, KaK BCAKHMH HEWHBA3ZMBHBIN M10/1X0/1, CIEKTO-
(oToMeTpHs in vivo Donee ajekBaTHA 18 aHa/IH3a OMOIOrHYECKHX MPOLICCCOB B pe-
JIbHOM BPEMEHH H BHOCHT MMHHMYM apredaxToB. Bo-BTOpbIX, HEMHBA3HBHEIM Me-
TOJOM OTPEACNACTCA AKTHBHOCTh IMUIMEHTOB, COJACPXAILUUXCA B HATHBHBIX XJIOPO-
[1aCTaX, CBA3AHHBIX C MHMTOILTA3MOH (QYHKUHOHHpYIOLEH KIeTKH. OUYeBHIHO, HMEH-
HO B 3THX YCIOBHAX MOKHO CYAMTh 0 PCIHCTPalM¥ aKTHBHBIX (hOpPM XIOpO(HILIOB,
paboTaloumx B cBeTocobupalomux komiuiekcax orocucreM, Takum obGpaszom, 510t
meToj Dollee CENICKTHBEH M, clcnoBaTensHo, Gonee uyBCTBUTENEH. B-Tperbux, ami
BBISAB/ICHHS JOCTOBEPHBIX Pa3/IMUMi MEXKJIY DKCIICPUMEHTAThHBIMH U KOHTPOILHBIMA
MAacCCHBAMH JIOCTATOYHO HECKONBKHX MHJIMIPAMMOB CBEKHX JIMCTHEB H HECKOJIBKMX
MHHYT M3MEPCHHA BMECTO HECKOJIBKMX JIECATKOB MH/IMIPAMMOB JIMCTOBOH Macchl
JUIMTEIBHBIX, CHOXHBIX mipouciyp Onoxmmuveckoro ananuza. Hakoseu, nepcrex-
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THBHO# 00J1aCTHIO TIPUMEHEHHA OTOOPAHHBIX HaMHM aKTHBHbLIX JIHAMNA30HOB OTHOCH-

TeNbHBIX TOKasaTelci orpaxeHusa () ABIAETCS pacyeT CHCKTPOMCTPHHCCKHMX HH-
JICKCOB OTpa)eHHs, TakKHX, Kak QOTOXMMHHCCKHH — PRI, xaopodunbhelii — ChIRI,
kapoTuHouHbI — CRI u ap. (Gamon, 1992; Gitelson, 2002, 2003; Gitelson, 2004).
Y UHJACKCH! HCTIOMB3YIOTCA B 110JICBBIX YCIOBHIAX JULA HYK/I CElbCKOTO XO034HCTBA, a
TAKKE JUIA HA3EMHOTO, BO3AYUIHOIO WJIH KOCMHYECKOI0 MOHHTOPHHTA COCTOSHMA
npupoausix nanuadgros (Gitelson, 1994, Henebry, 2004 ).

Takum 06pa3zom, B HACTOAILEM Hcce0BaHuK OblLM BbIOpaHbl OCHOBHBIC AKTHB-
HbIC JMANA30Hbl JUTHH BOJH JUIS PACTCHMH NIOLEPHBI XMEICBH/IHOH M TIOKa3aHbl OC-
HOBHBIE BO3MOMKHOCTH H TPEHMYILIECTBA HEHHBA3ZHBHBIX CICKTPOMCTPHYCCKHX HC-
¢/IeIOBAHHH (POTOCHHTETHYCCKOH AKTHBHOCTH 3TOr0 PaCcTEHHA B YC/IOBHAX MHKOpH-
3aUMK ¥ paznuuHoro yposua gocdopa B nouse.
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KnroyeBblie C/10Ba: OITHKO-MEXAHHYECKad YCTAaHOBKA, OTPAXKEHHE CBETA JIMCThAMH
pacTeHHH, HCHHBA3HBHBIH aHAIIU3.
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