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რეფერატი 
 

    warmodgenil naSromSi vazis foTlebis fluorescenciis parametrebiT SeviswavleT 

fotosinTezuri aparatis Camoyalibebis procesi wliuri ontogenezis periodSi. naCvenebia, rom 

axalCamoyalibebul foTlebSi  reaqciuli centri fs2 naklebad stabiluria, magram Cveule-

brivad funqcionirebs, Tumca eleqtronebis transporti fotosistemebs Soris - ETR midis da-
bali intensivobiT.  

   vazis foTlebSi wylis fardobiTi Semcvelobis- RWC 53%-mde Semcirebisas mniSvnelovnad 

mcirdeba ETR, xolo reaqciuli centri fs2 arastabiluri xdeba. aRmoCnda, rom wylis 

deficitis stresuli moqmedebebis xangrZlivad gagrZelebisas, reaqciuli centri fs2 

Seuqcevadad ziandeba.  

 

literatoruli mimoxilva 

     rogorc cnobilia, zogadad, mcenareebis da kerZod vazis erT-erTi umniSvne-

lovanesi fiziologiuri procesia fotosinTezi. yvela abioturi faqtori metna-

klebad moqmedebs fotosinTezis aparatze (1,2). meores mxriv e.w. globaluri daTboba 

did problemas uqmnis mevenaxeobas (3,4,5). mevenaxeobis mowinave qveynebSi didi xania mi-

mdinareobs kvleviTi samuSaoebi iseTi agrobiologiuri RonisZiebebis SesamuSaveblad, 

romlebic daicaven vazs globaluri daTbobisaTvis damaxasiaTebeli abioturi faqto-

rebis negatiuri qmedebebidan (6,7,8). cxadia Cveni qveynisaTvisac mniSvnelovania am mima-

rTulebiT muSaoba, miTumetes mevenaxeoba moicavs saqarTvelos agraruli seqtoris 

udides segments. Aamitom Cveni muSaobis mizans Seadgenda globaluri daTbobis erT-

erTi Tanxvedri abioturi faqtoris-wylis deficitis vazze moqmedebis Seswavla.  

    zemoTqmulidan gamomdinare  kvleviTi muSaobis pirvel etapze SevecadeT dagve-

dgina vazis fotosinTezuri aparatis Camoyalibebis Taviseburebebi da maTze wylis  

deficitis  moqmedebis meqanizmebi. 

meTodika 

         cdebi tardeboda sof. jiRauras samecniero kvleviTi centris bazaze ga-

Senebul vazis koleqciis Semdeg jiSebze: rqawiTeli, saferavi, Cinuri da colikouri. 

          sakvlevad viRebdiT ”axalCamoyalibebul foTols” (1-3 dRis foToli), ”sa-

Sualo ganviTarebis foTols” (7-10 dRis foToli) da ”sruli ganviTarebis foTols” 

(17-20 dRis foToli). 
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          foTlebSi pigmentebis raodenobas (qlorofili a da b; karotinoidebi) vswa-

vlobdiT meTodiT (9). nimuSebis eqstraqcias vaxdendiT eTanolSi. Ppigmentebis opti-

kuri simkvrive ganisazRvreboda speqtrometris SPECORD 210/Plus (Germany)  gamoyenebiT.  
                 wylis Semcvelobas vsazRvravdiT awonvis meTodiT (10); nimuSebs vaSrobdiT 

24 saaTis ganmavlobaSi TermostatSi +1050C  temperaturaze. wylis fardobiT Sem-

cvelobas vsazRvravdiT formuliT:        

                                       
 

 

sadac M aris foTlis masa, MmSr. - 1050C 
gamomSrali masa. 

        foTlis qloroplastebSi fluorescenciis maxasiaTeblebs vsazRvravdiT 

fluorimetrze  PAM-2100 ( Waltz, Germany), meTodiT (11). Mminimaluri fluores-cenciis 

mniSvnelobas – Fo vsazRvravdiT 0,6 khc simZlavris modulirebul sinaTleze. 

xoloMmaqsimaluri fluorescenciis mniSvnelobas – Fm vsazRvravdiT foTlebis 

maRali intensivobis (6000 mkrmolim
-2
wm

-1) sinaTlis erTjeradi pulsebiT ganaTebisas. 

variabelur fluorescencias vsazRvravdiT formuliT Fv=( Fm- Fo)/ Fm. sinaTlis 

wiTeli ganaTebis fons vqmnidiT 20khc intensivobis  sinaTliT. 

eleqtronebis transportis intensivoba - ETR fotosistemebs Soris gamoiTvleboda 

formuliT: ETR=Y x 0,42 x PAR, sadac Y aris fs2-Si mimdinare fotoqimiuri energiis 

efeqturi mniSvneloba. PAR – dasxivebuli sinaTlis aqtiuri radiacia.  

sinaTlis  fotoqimiuri Caqroba- qp
 ganisazRvreba formuliT: qp = (Fm’-F)/( Fm’-Fo’), xolo 

arafotoqimiuri Caqroba – qN
 formuliT: qN

 = (Fm- Fm’)/( Fm-Fo’) (11). 
 

Sedegebi da maTi ganxilva 

 

a) pigmentebis Camoyalibeba qloroplastebSi ontogenezSi da maTi kavSiri 

fluorescenciis maxasiaTeblebTan. 

cxril 1 da 2 –Si mocemulia pigmentebis: qlorofili a da b, da karotinoidebis 

Semcveloba foTlis ganviTarebis sxvadasxva etapze.  

 

cxrili 1. Ppigmentebis Semcveloba rqawiTelis foTlebSi, maTi ganviTarebis        
sxvadasxva etapze (gazomvebi Catarda 10.07.2019) 

 

№ foTlis 

ganviTarebis 

faza 

Qქlorოფ. 
A Mmg/g 

Qქlorოფ. 
B Mmg/g 

A+B A/B karotin 

Mmg/g 
karot/qlorოფ 

1 აxlad 

Camoyalibebuli 

foToli 

1.68 0.19 1.88 8.61 0.87 0.46 

2 saSualo 

ganviTarebis 

foToli 

1.99 0.34 2.33 5.78 0.96 0.41 

3 sruli 

ganviTarebis 

foToli 

1.87 0.54 2.41 3.44 0.95 0.39 
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cxrili 2. Ppigmentebis Semcveloba colikauris foTlebSi, maTi ganviTarebis 

sxvadasxva etapze (gazomvebi Catarda 10.07.2019) 

№ foTlis 

ganviTarebis 

faza 

Qქlorოფ. 
A Mmg/g 

Qქlorოფ. 
B Mmg/g 

A+B A/B karotin 

Mmg/g 
karot/qlorოფ 

1 axlad 

Camoyalibebuli 

foToli 

1.19 0.15 1.34 7.75 0.63 0.47 

2 saSualo 

ganviTarebis 

foToli 

1.86 0.28 2.14 6.62 0.95 0.44 

3 sruli 

ganviTarebis 

foToli 

2.33 0.6 2.94 3.89 1.27 0.43 

            

    rogorc monacemebidan Cans pigmentebis raodenoba axladCamoyalibebuli foTli-

dan srul Camoyalibebul foTlamde TandaTan matulobs, logikurad es asec unda 

iyos (12), magram matebis dinamika qlor. A da qlor. B-sTvis  gansxvavebulia. qlor. A-s 

SemTxvevaSi mateba Seadgens 60%, maSin roca qlor. B-s mateba xdeba 3-4-jer. maSasadame 

axladCamoyalibebul foTlebSi qlor. A-s sinTezi gacilebiT swrafad xdeba; amaze 

miuTiTebs Sefardeba qlor.A/qlorB, romelic axladCamoyalibebul foTlebSi 

Seadgens 8,61, saSualo ganviTarebis foTlebSi 5,78; xolo srulad Camoyalibebul 

foTlebSi – 2,41; rac Seexeba karotinoidebs, isinic qlor. A msgavsad maSinve 

Camoyalibdebian da zrdasrul foTlebSi naklebad matuloben. igive Tanafardobaa 

colikouris SemTxvevaSi (cxrili 2). 

             cxril 3-Si mocemulia qloroplastebis fluorescenciis maxasiaTeblebi  

axalCamoyalibebul, saSualo ganviTarebisa da sruli ganviTarebis foTolebSi. 

 

cxrili 3.Ffluorescenciis maxasiaTeblebi rqawiTelis foTlebSi, maTi ganviTarebis        
sxvadasxva etapze (moyvanilia 10.07.2019 wlis Sedegebi) 

 

 
 
№ 

 

 

foTlis 

ganviTarebis 

faza 

fluorescenciis maxasiaTeblebi 

sibneleSi 

adaptirebuli 

foTlebi  

  

foTlebi wiTeli sinaTlis fonze 

 
 

 

 

F0 Fm Fv F0 Fm Fv ETR qP qN 

1 აxlad 

Camoyalibebuli 

foToli 

81 159 0,488 126 163 0,283 16,0 0,509 0,002 

2 saSualo 

ganviTarebis 

foToli 

103 405 0,747 204 376 0,458 23,0 0,681 0,002 

3 sruli 

ganviTarebis 

foToli 

104 454 0,771 191 433 0,558 23,4 0,678 0,002 
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cxrili 4. fluorescenciis maxasiaTeblebi colikauris foTlebSi, maTi ganviTarebis        
sxvadasxva etapze (moyvanilia 10.07.2019 wlis Sedegebi) 

 
 
 
№ 

 

 

foTlis 

ganviTarebis 

faza 

fluorescenciis maxasiaTeblebi 

sibneleSi 

adaptirebuli 

foTlebi 

  

foTlebi wiTeli sinaTlis fonze 

 
 

 

 

F0 Fm Fv F0 Fm Fv ETR qP qN 

1 აxlad 

Camoyalibebuli 

foToli 

60 88 0,314 65 88 0,257 13,7 1.00 0,125 

2 saSualo 

ganviTarebis 

foToli 

95 300 0,683 119 313 0,620 20,2 1.00 0,707 

3 sruli 

ganviTarebis 

foToli 

120 415 0,711 186 478 0,565 20,9 0,894 0,002 

 

       rogorc monacemebidan Cans, axalCamoyalibebul foTolSi variabeluri fluo-

rescenciis mniSvneloba rqawiTelisaTvis dabalia Fv=0.488,  saSualo ganviTarebis fo-

TolSi Fv=0.747 da TiTqmis igivea rac sruli ganviTarebis foTolSi Fv=0.771. Ees 

Sedegi miuTiTebs imaze, rom reaqciuli centri fs2 axalCamoyalibebul foTolSi 

normalurad funqcionirebs, Tumca ontogenezis Semdgome etapze ufro viTardeba da 

srulad Camoyalibdeba zrdasrul foTolSi (1,13). 

           rac Seexeba variabeluri fluorescenciis mniSvnelobas stabiluri inte-

nsivobis wiTeli sinaTlis fonze, sruli ganviTarebis foTlebSi igi mcirdeba 0,558-

mde (cxrili 2), xolo axladCamoyalibebul foTlebSi es Semcireba gacilebiT didia 

da Seadgens Fv=0.283. miRebuli Sedegebi miuTiTebs imaze, rom marTalia axlad-

Camoyalibebul foTolSi reaqciuli centri fs2 normaluard funqcionirebs, magram 

igi arastabiluria (1,11,13). M 
             rogorc cxrili 3 da 4-dan Cans eleqtronebis transportis intensivoba  

fotosistemebs Soris- ETR axalCamoyalibebul foTlebSi Seadgens ETR=11,0 da 

TiTqmis orjer naklebia vidre ganviTarebul foTlebSi (ETR=23,4). Tan rogorc 

vxedavT ETR mniSvneloba saSualo ganviTarebis foTlebSi TiTqmis igivea, rac sruli 

ganviTarebis foTlebSi. analogiuri Sedegebi miviReT colikouris jiSis foTle-

bisaTvis ( cxrili 4). es Sedegebi miuTiTebs imaze, rom axalCamoyalibebul foTlebSi 

ara marto reaqciuli centri Ffs2 funqcionirebs normalurad, aramed eleqtronis 

gadamtanebic. 

             miRebuli Sedegebis ganaalizebis Semdeg SegviZlia davaskvnaT, rom axal-

Camoyalibebul foTlebSi, miuxedavad imisa rom qlor. B raodenoba mcirea, reaqciuli 

centri fs2 sruladaa Camoyalibebuli da funqcionirebs, magram misi stabiluroba 

naklebia, vidre sruli ganviTarebis foTlebSi. 

b) fluorescenciis maxasiaTeblebis kavSiri wylis Semcvelobis cvlilebasTan.   

           naSromSi Cvens mier Seswavlil iqna  wylis raodenobis cvlilebebis 

dinamika sxvadasxva jiSis vazebisaTvis. amisaTvis vazis rqidan vwyvetdiT foTols da 
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vaTavsebdiT laboratoriul magidaze, oTaxis temperaturaze; cxadia  wylis 

fardobiTi Semcveloba foTlebSi - RWC Semcirdeba drosTan damokidebulebaSi; 

miRebuli Sedegebi mocemulia cxril 5-Si.  

cxrili 5. vazis sxvadasxva jiSis foTlebSi wylis fardobiTi Semcvelobis 

damokidebuleba foTlis mowyvetis drosTan (moyvanlia 13.08.2019 wlis Sedegebi). 

 

№ foTlis mowyvetis 

dro, sT. 

rqawiTeli Cinuri colikauri saferavi 

1 sakontrolo 63.38% 63.48% 63.01% 63.56% 

2 2 sT-is Semdeg 59% 59% 57% 58% 

3 4 sT-is Semdeg 58% 57% 53% 54% 

4 6 sT-is Semdeg 56% 54% 50% 51% 

5 24 sT-is Semdeg 43% 40% 21% 21% 

6 48 sT-is Semdeg 28% 21% 11% 10% 

 
          rogorc Sedegebidan Cans, drois pirvel etapze  yvela jiSisaTvis wylis 

Semcveloba erTnairi siswrafiT mcirdeboda, magram garkveuli drois Semdeg 

gamoikveTa wylis dakargvis jiSuri Taviseburebebi: rqawiTelisa da Cinuris foTlebi 

wyals naklebi siswrafiT kargavden, vidre colikouri da saferavi. maSasadame 

rqawiTelisa da Cinuris foTlebs gacilebiT meti wylis damWerunarianoba gaaCniaT. 

             wylis fardobiTi Semcvelobis - RWC cvlilebasTan paralelurad Cven 

SeviswavleT fluorescenciis maxasiaTeblebis dinamika (cxrili 6). rogorc mona-

cemebidan Cans, rqawiTelisaTvis  RWC Semcirebisas 63% -dan 58%-mde fluorescenciis 

variabeluri komponenta umniSvnelod icvleba, ufro metic roca RWC=43% 
variabeluri fluorescencia TiTqmis igivea Fv=0.744;  magram  wiTeli sinaTlis fonze 

variabeluri fluorescenciis mniSvneloba mkveTrad Semcirebulia - Fv=0.283. 
            rogorc viciT variabeluri fluorescenciis mniSvneloba dakavSirebulia 

reaqciuli centri fs2-is muSaobasTan da mis stabilurobasTan(1,11). rodesac 

foTlebSi wylis Semcveloba mcirdeba 43%-mde, reaqciuli centri fs2-is muSaobaSi 

SeiniSneba garkveuli arastabiluroba; amitomaa, rom fs2 veRar muSaobs maRal 

datvirTvaze, rac ganapiroba wiTeli sinaTlis fonma; Tumca sinaTlis Caqroba 

ZiriTadad midis fotoqimiuri gziT (qp
 =1,000, qN

 =0,002). magram Tu aRniSnuli 

stresuli mdgomareoba gagrZeldeba, moxdeba fs2-is Seuqcevadi dazianeba (1, 11, 13). 

 

cxrili 6. vazis foTlis fluorescenciis maxasiaTeblebis damokidebuleba wylis 

raodenobasTan (moyvanlia 13.08.2019 wlis Sedegebi) 

 

 
 
№ 

foTlis 

mowyvetis 

Semdgomi 

dro (sT 

rqawiTeli colikauri 

  Fv Fv 
wiT.sin 

ETR Fv Fv 
wiT.sin 

ETR 

1 sakontrolo 0,767 0,467 23,6 0,739 0,467 25,9 

2 2sT 0,761 0,329 22,2 0,783 0,352 19,8 



 
 

29 

3 4sT 0,750 0,339 20,4 0,753 0,361 18,2 

4 6 sT 0,757 0,419 20,1 0,737 0,370 16,8 
5 24 sT 0,760 0,201 13,2 0,616 0,234 14,3 
6 48 sT 0,691 0,125 7,8 0,620 0,197 10,5 

 

F     vazis foTlebSi wylis fardobiTi Semcvelobis Semcirebis mimarT 

fluorescenciis maxasiaTeblebidan  yvelaze gZnobiarea eleqtronebis transportis 

intensiviba fotosistemebs Soris – ETR. magaliTad colikouris SemTxvevaSi RWC 
Semcirebisas 63% -dan 58%-mde ETR mniSvneloba  mcirdeba 25,9-dan 16,8- mde. zustad 

analogiuri mdgomareobaa sxva jiSebisaTvis (cxrili 6). Tumca gamoikveTa jiSuri 

Taviseburebebi: colikourisa da saferavis SemTxvevaSi ETR-is sidide gacilebiT 

mniSvnelovnad Semcirda vidre Cinurisa da rqawiTelis SemTxvevaSi. 

      moyvanili Sedegebidan SegviZlia davaskvnaT, rom wylis damWerunarianoba  metad 

axasiaTebT jiSebs rqawiTelsa da Cinurs, vidre colikoursa da saferavs. aseve wylis 

deficitis mimarT gacilebiT gamZlea am jiSebis foTlebis fotosisnTezuri aparati; 

eleqtronebis transporti fotosistemebs Soris midis ufro maRali intensivobiT da 

gacilebiT stabilurad muSaobs reaqciuli centri fs2. 

 

daskvnebi 

 

          naSromSi moyvanili Sedegebidan gamomdinare  SegviZlia davaskvnaT, rom 

vazis foTlebis qloroplastebis fluorescenciis parametrebi saSualebas iZleva  

SeviswavloT fotosinTezuri aparatis Camoyalibebis procesi wliuri ontogenezis 

periodSi. naCvenebia, rom fotosinTezis pirveladi procesebi axalCamoyalibebul 

foTlebSi ukve funqcionireben; marTalia reaqciuli centri fs2 naklebad sta-

biluria, magram Cveulebrivad funqcionirebs; Tumca eleqtronebis transporti foto-

sistemebs Soris midis dabali intensivobiT.  

           vazis foTlebis qloroplastebis fluorescenciis parametrebi saSualebas 

iZleva SeviswavloT fotosinTezuri aparatis dazianebis xarisxi wylis fardobiTi 

Semcvelobis- RWC   SemcirebasTan kavSirSi. aRmoCnda, rom vazis foTlebSi wylis Se-

mcirebisas 53%-mde, mniSvnelovnad mcirdeba ETR, xolo reaqciuli centri fs2 

Cveulebrivad funqcionirebs, Tumca igi arastabiluri xdeba. Tu stresuli mo-

qmedebebi xangrZlivad gagrZeldeba, reaqciuli centri fs2 Seuqcevadad daziandeba. 

fotosistemis aparatis gamZleobasTan kavSirSi gamoikveTa jiSuri Taviseburebebi. 

aRmoCnda, rom Seswavlili jiSebidan wylis deficitis mimarT gacilebiT gamZlea 

Cinurisa da rqawiTelis foTlebSi moTavsebuli fotosistemis aparatebi. 
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Abstract: 
 
          The  present work  deals with the  study of  the process  of formation of photosynthetic apparatus during 
the annual ontogenesis with the use of  fluorescence parameters of vine leaves. It has been shown that in newly 
emerging leaves the reaction center of PS2 is less stable but normally functioning; However, the electron transport 
between photosystems – ETR   goes at a low intensity. 
           By reducing the relative content of water  (RWC) in the vine leaves to 53%,  ETR is significantly reduced, 
and the reaction center of PS2 becomes unstable. It was found that  during  prolonged stress-induced influence  of 
water deficiency ,  the reaction center   PS2  is  irreversibly affected. 
 
 
 
 
 
 
 
 


