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KPUCCOXPAHEHME rEHO®OHIA PACTEHUUN U TKAHEM IN
VITRO DIOSCOREA BALCANICA H D. CAUCASICA

VinctrTyT huznonorun pacrenudt uM. K. A. Tamupszera Poccuiickoi AxajieMin
) Hayk, Mockea, Poccust
HactaryT 60oTannky bnonornueckora ¢pakynbTeTa, bearpap, IOrocrasna

Popov, A.S., Vokova, LA, Culafig, Lj. (1995): Cryopreservation of
in vitro plants and plant tissue genofond. — Glasnik Instituta za botaniku i
botani¢ke baske Univerziteta u Beogradu, Tom XXIX, 1 - 8.

Cryopreservation of plant tissues (meristem, organogenic and em-
bryogenic calli) provides their storage at - 196°C (liquid nitrogen) for
idefinitely long time.

At present a cryobank of Timiryazev Institute of Plant Physiology,
Moscow (Russia) includes 23 lines of 15 plant species, which stem mer-
istem were successfully iz vifro cultured upon a long time cryoprservation.

The calli of the endemo-relict species Dioscorea balcanica Kosanin
and D. caucasica Lipsky are also maintained in liquid nitrogen in the
above cryo-bank. They were introduced into a culture at the Institute for
Biological Research, Belgrade (Yugoslavia). Dimethyl sulfoxide (DMSO,
7%) and trehalose were used as cryoprotectors applying, freezeng pro-
gramme of EPK (Russia) at the rate of 0,33°C/min to -30°C, 10°C/min to
-60°C and after that the ampules containing frozen tissue were rapidly
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dipped into the liquid nitrogen. After several months of storage at -196°C,
organogenic and embryogenic calli were thawed in a water bath at 40°C
and further culture under in vitro conditions using the corresponding
nutrient media for plant regeneration. No differences in growth between
these samples and cultures permanently grown at 25°C were observed.

This method is an indispensable part of a procedure for the preser-
vation of rare and endemic plant species through in vitro culture.

Key words: Dioscorea caucasica Lipsky, Dioscorea balcanica KoSanin,
cryopreservation, tissue culture, plant regeneration.

Kljucne reci: Dioscorea caucasica Lipsky, Dioscorea balcanica
KoSanin, kriokonzervacija, kultura tkiva, regeneracija
biljaka.

B yciopnAX HeOorpaHHYEHHOTo pocTa NOTPpeOHOCTEH YeNoBedecTBa U
VXYMIICHAS IKOJOTCHUYECKON O0OCTAaHOBKH yXe JaBHO NOHSITa ONAacCHOCTD,
VIPOXKaloasl FeHeTHYECKHM pecypcaM pacTeHUl: KyJIbTYpHbIX, JIEKapCTBEeHHBIX,
HCYESAIOWHAX, ONJeMIUHbLIX. TpagEnuonnbie cnocoObl XpaHeHHsT 9THX PECypPCOB He-
procratounbl. KynbTyph1 alleKCOB MOGETORB i Vifro COXpaHsiio TeHOTATDL, 4 KYJIbTYPhl
KJIETOK ¥ TKaHeH MOIYT COXpPaHHTh NOJIE3HYIO TaCTH FreHOMa, peTeHEpUPOBATh pac-
TeHHs] HHONA laxe depes 2-3 rofa, Ho reHeTHUYeCcKH HecTaOmibabL. [loanepkanne
TAKHX KOJUIEKIHA HESKOHOMHYHO.

Hanbosnee HafgeKHBIM 10 TeHETHIECKOH CTaOHILHOCTH U HEOTPAHA Y€ HHBIM 110
JUIHTEJILHOCTH CIIOCOO0M XpaHeHHsl reHopOH A SBJIsIeTCa Kprocoxpanenne. ITo0b1
130eXaTh IyOHTEIbHBIX HEPECTPOEK KPUCTAIIIOB JIbla TEMIIEPATypbl JOJIKHB1 Ob1Th
amxke -130°C, 910 ypo6Ho o6ecneunBaTh ¢ MOMOLIBIO XHAKOTO a30Ta (-196°C).

IIpobaemy kprocoxpaHeHuSI TeHO(hOR]1a PacTeHNH JIerde Becero periaTh IyTeM
ryOOKOIo 3aMOpaXXuBaHusl CEMSIH U NbUIBIbL, TO €CTh JOCTATOYHO CYXHX OOLEKTOB.
KpnoGapks ceMsiH y>Ke CYIIECTBYIOT, B TOM umie H B MHCTHTYTEe (hH3HOIOTHI
pactennd PAH B Mockee. ’

Ho coBcem nHast cHTyanusi, ey Hajo MOJHOCTHIO COXPAHUTD JAaHHBIA T'€HO-
THII, KaK B ClIyyae MaTepPHHCKHX B TEOpHIHBLIX (DOPM B PACTEHAH, Pa3MHOXKAEMbIX
TOJILKO BEFeTATHBHO MK MMEIOLIUX peKaJlbUTPaTHble CeMeHa, KOTOpble He MOTYT
OBITh BhICYIICHBl Ge3 moTepn >XH3HecnocoOHOCTH. [TooTOMy mambGojiee yHHUBEp-
CaJLHBIA CHOCOO KpHOCOXpaHeHHs reHo(ona - IyCoKoe 3aMOopaXKuBaie allekcoB
noberor H smMObpaOHOB. KpoMme Toro, ins HayvHbIX, NPOMBIIDIEHHBIX H MaTeHTHBIX
nesielt neoOXOIMO JONTOBPEMEHHOE XpaHeHHEe KJIETOYHBIX IIITaAMMOB in VItro.

Bo peex Tak\x ciiyuasix Mbt AMEEM 10 C TapeHX AMHBIMH 3pebiMHA KIS TKaMHE
pacTenuil, cnenuduKa KOTOPLIX, KAK H KIETOK {71 Vitro - GONbIINE pa3Mepbl, CHIIbHAs
BaKyoJNH3anusi, OOMIHHE BOJbI - CO3JaeT 3HAYHTENbHbIC TPYTHOCTH AJIst IPOUENYPhHI
KpHocoxpaneHusA. CneJoBaTelbHO, HCCIEAOBAHMS KPHOPE3UCTEHTHOCTH KJIETOK
paCTEHHR in Vilro IBISIIOTCS BaXXHEUIIAMY 15T TPoOJieMbl KPHOCOXPAHCHUS.

MEXAHUW3MBI ITOBPEXIEHWN KIIETOK

Hmke npubesienb: HEKOTOpbIE TATEPATYPHblE W HAIIH JaHHb1E O MEXaHA3MaX
KPHOPE3ACTEeHTHOCTH KJIETOK paCTeHHUH.

IIpexpe Bcero mago u3GexkaTh pocTa BHYTPH KIETOK KPHCTANJIOB JIbIa
OGospummx 0.1 uM, KOTOPBIE pa3pymIaloT CTPYKTYphl KIeTKH. To ecThb HYXKHO
$HAYMTENBHO YMEHBIINTL 00beM BO3MHOXKHOIO 0OpazoBaHHS JbJa, 3HAYHT HeoO-
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XOIIMa cepbe3snast peryjparagns. I‘IO, C prrOI/’l CTOPOHBL, TaKas acrujparanus
BLISBHBACT OYCHL CHNLHOE CXaTHe NpoToINlacta, KOTOpoe, €Clin }IﬁﬁCTBY@T
HOCTATOYHO JOJITO, TOXE NOBpEeXAacT KICTKY.

IIp()IICHypﬂ KPHOCOXpaHCHUsI KJIECTOK B alleKCOB COCTOUT U3 pslla 2TaloB,
navipast ¢ HOJNFOTOBKH (IlpCHB'deTCJII:)HOC KYJLTHBHPOBAHHUE B CIIEHaJIbHbLIX YyC-
JI()BHHX) B KOHYAsl PCKYJALTHBUPOBAHHCM IIOCIHEC OTTAaUBaHs H perenepauueﬁ pac-
Tennil. Baxknedmee 3HaYeHHe pMeeT oTall 3aMOpa KHBaHus. Ha Ka>KjoM orane
MCXAIIH3MDBI KPHOPE3UCTCHTHOCTH UMEHOT CBOLIO cneuncbm(y, a ycuex onpeaesiercst
X HHTCIPHPOBAHHLIM B'&ZII/IM())ICI;ICTBBPIBM.

Ha srane noaroToBkn Mbl CHadajla HCNOJL30BANH XOJOJIOBOE 3aKaJHBaHue,
Kak napbojiee ecTeCTBeHHbIH Npolece NOBLUICHUST MOPO30CTORKOCTH 3AMYIOINX
pacrenHd yMepeHHOTO KiuMaTa. Ero Mbl IPAMEHHANH IS KJIETOYHBLIX CYCREH3HOH-
HBIX KYJILTYp Panax ginzeng (ITonmo B ct al., 1982), MyTa#THbIE HITAMMDBI KOTOPOTO
IMEIO HEJOCTATOTHYIO HCXOJIHYIO KpHOpesncTeaTHOCThL. Ha kiretkax mrtamma 2K-2
ObUIO DPOBEIEHO 3aKaJlMBaHAe B TeueHne 3 Hefledb Kak ¢ fobariennem (go 20%),
Tak u Oe3 pobapiieHns caxaposbl B cpeny (Pepoporckur et al, 1993).
BLpKHBaeMOCTb ITOCHE KUJKOTO a30Ta yBeJHUaBalach B Iponecce 3aKalKi NOUTH B
3 pasa, 1O TOJBLKO Opu JoOaBIeHHH caxaposbl. OTHOIICHHE CYXOI0 BeCa K ChbIpOMY
TaKXKe YBENNYHMBAJOCh, HO ropasfo MeHbine - Ha 60%. bes fobasnenus caxapossl -
HHK4KOIO yBeJIH4eHHs: He ObUlo. YPOBeHb BHYTPHKJIETOUHbIX PACTBOPHMbBIX Ca-
xapop BospacTal Ha 70% 1npu fobaBlIeHHR caxaposbl, a bes nodapnenns, Haobopor,
YMEHBIIAJCS: NO-BRHMOMY caxapa YCHIeHHO PacXOooBajiCh Ha HOJiepXKaHue Me-
TabOJII3MA B XA3HE CHOCOOHOCTH KNETOK HpH CHIDKEHHOH 1o 4°C TeMnepaType.

(TJICJI()BHTCJII)H(), 1 - YBCJIHYEHHE BBLKHBACMOCTH B IIpOIecce 3aKalluBaHMsA
'l‘pc()yc'r 0065133 TEABLAOTO H()GZ‘IBJICHI/UI Caxapos3bl U CBA3aHO C POCTOM CYXOro
BCIIECTBA H BHYTPHKIETOUYHLIX CaxXapoB. 2 - OJIHAKO, 3TOT POCT CYIIECTBCHHO
MCHBLLHIC, CM VRCJINYCHUE BLIKABACMOCTH H, HOOTOMY, 3SHAUCHUE 3aKaJIUBAHUSL JUIsI
KPHOPEC3HCTCHTHOCTH He HCUCPHOLIBACTCS YBEJHANYHEM CaXapoB. IT()-BHHHMOM}/,
CYHICCTBYIOT H JIPYI'HEe MEXAHH3MbI.

st ppyx Oonee TemnomonbUBbIX KenblueHen: P. guinguefolius v P. japonicus
saKalupanyie Obulo He(P(EKTUBHLIM H ST HUX IPHAMEHIUIA IpeBapHTelLHOE
KVALTHBHPOBAHHAE C MAHHHTOJIOM, UTO BCETa NPUBOAIIIO K BO3PACTATHIO KOJMUCCTRA
CYXOI'O BEIIECTBA B KJIETKAX (TO €CTh K ISTHApaTalli ), HO He BCerfa - K YBeANIeHo
CaxapoB.

Mo crtocod noiroTosku Oui IPUMEHEH 3151 KneTok Dioscorea delfoidea, vext
HCXOANLUL, L JUKHE " trramm [1-1 nMedt copepilieHHo HeIOCTOTOYHYIO KPHOPE3HCTeHT-
HOCTEL B €ro NpeiBapuTeNbHo KYNLTABHPOBANH ¢ JOoOaBICHHEM HH3KHX KOHICH-
TpalHi HEKOTOpbhIXx aMuHOKACHOT (Bonkora et al, 1982; 1984}, Takas
NOJTOTORKA 3HAYHTENILHO YBEJINYABAlad BBDKHBACMOCTE IIOCHEe XHJIKOIC a30Ta #
NPUBOJINIE K BAKOIJIEHHIO B OTHX KJIETKaX CaXapoB B COOTBETCTBHE ¢ d(hek-
FHBHOCTBHIO JJAHHOH aMHHOKHCHIOTHI. VI3BecTHO, wTO caxapa, CRA3BIBAst BOJY,
SIBJSIOTCS OJJHAMHE U3 BaXKHEHNIMX BEHIECTB KJIETOK, ONPECISIONIIME HX BO-
joyiepxkuBalomylo ciiocobnoctk (Campirnn, 1974). Vx ypenndenne, cie-
JoBaTelLHO, YMeHbUIaeT cXkaTHe HpoTonjacrta Bo BpeMsi HeoOXopumol u
HCH30EKHON CILHOA AerHApaTalii. DTOT MeXaHH3M 3alliThi 0OHAPYKEH NaBHO
KaK OJIHH A3 BaXKHLIX KOMIOHEHTOR XOJIONOBOTO 3akanupanusd (Fymasop,1979) u
paboTaeT B MUTOMIABME.
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MakcumaibHoe HaKOIUIEHHe caxapoB B KieTkax [1-I Oburo npumepno B 2 pasa,
a BLIKABACMOCTD BozpacTala B 5-6 pas: ¢ 5-6 1o 30% (upu npeiKyJIbTHBUPOBAHHH C
acmaparmHOM), TO €CTh CYLIECTREHHO Oodbine. UTo Takke CBHACTENbCTBYET, KK I
B cllyvae KJIETOK KeHbUIEHs, 0 AefCTBHM KaKUX-TO RPYIHX, KPOME HaKOIICHMs
Caxapop, MEXaHN3MOB YBEJIHUEHIS] KPHOPE3HCTEHTHOCTH.

JIns mpoBepKH 3TOro NpPenpoiOoXNKeHus Mbl HCOOJNBL30BANH TaKXKe JAPYrod
crioco® moIroTOBKA KIeTOK Dioscorea deltoidea u Medicago sativa urammos -1 u JI-1,
cooTBeTcTBeHHo: HuKy6Ganmio npu 10°C B Teuenue 20-24 wacor (Ilonos ct al.,
1991). Ha xireTKax AByX CTOJb Pa3HbIX BUIOB ObUIO NOKa3aHO YBeJHUEHHe KpHopes-
HCTCHTHOCTH B pe3yabTaTe TakoHd HHKyOanud B 2-3 paza, npudeM s D. deltoideq -
Ha JIByX O9eHb Pa3HbBIX 0 CBOEH UCXOTHOH YCTOHYHUBOCTH ITaMmax: [1-I u MyTaHT-
noM JIM-0,5. CaMoe mHTEpecHOE - 3TO CHHEPIH3M JIBYX CcHOCOOOB IOATOTOBKH:
oKazanoch, uTo naKy6anus npa 10° ycunuesana BIHSHEE IPEIKYIbTHBHPOBAHHUS C
aclapariHoM U BLDKHBAEMOCTE KJIETOK 06euX mraMMoB focturana 50-54% (okoio
2/3 0T KOHTPOJISL: HCXOIHAS] XKI3HE-CNIOCOOHOCTE KYyNbTYp KNeTok D. deltoidea in vifro
npumepro 70-75%).

CiieopaTelIbHO, MEXaHH3MD! JIEICTBHAS 2THX CHOCOOOB HOArOTOBKH pas-
JIIUHB], YTO NOATBEPAMIN Pe3ylbTaThl ONpeficlieHus caXapop Hocke HHKyOanum
cycuensnfi mwrramma JI-I, Tak KaK HHKakKOd pasHHIbl ¢ KOHTpOJeM He ObuIO.
KonngecTBo pacTBOPUMbIX BHYTPHKJIETOUYHBIX caxapoB Obu10 61.6 n 60.8 ng/ml nns
KOHTPONBHON M OXJaXK[AE€HHOH KYABTYP COOTBETCTBEHHO B NMEPBOM CYOKYJILTHBH-
posarnn u 54.9 u 54.1 pg/ml - B0 BropoM (4Yepe3 HECKONLKO Mccsnes). 3HAUNT,
nukyGanus npu 10°C B TeMeHAE CYTOK He ABASAETCS 3aKalABAHAEM B Y3KOM CMBICIIE,
Kak HOHHMaJ 3ToT ponecc TyMaH OB, a 3a0ycKaeT KaKOH-TO IPYrofl MEXaHu3M
yBENTHYEHns] KPHOPe3HCTEHTHOCTH.

BeposiTHO 2TOT MeXaHHW3M CBsI3aH C H3MEHEHWSIMH KJIeTOYHOH MeMOpaHbI,
Koropast SIBIISIeTCsI TNaBHOH MUIIIRHBIO IIpH 3aMopakneasni ( Steponkus, 1984;
[Tonop, 1993). MarepecHo, 9T0 KyAbTHBEPOBaHNE KneToK Rauwolphia serpentina
npu 10°C yReJHunBago HEHACBHILIEHHOCTh JHUIMIOB H TEKYUECTDb IUIa3MaleMMbl
(Yamada etal, 1980). ®yanaMeHTanbHOE H3YUCHIE NPOIECCOR XOJOAOBOH ajian-
Tanuu pactenui Secale cereale cv. Puma Ha M30JIHPOBAaHHLIX MPOTOILIACTAaX IO3-
ponnno CTeMOHKYCY H coaBTOpaM O6OCHOBAThL CYHIECTBOBaHHE HEKOTOPBIX
MEXAHU3MOB I'HOENH KJAETOK NPH 3aMOpaXHBAHHH BCIENICTBHE NOBPEXJICHUS
KnerouHod MemOpanbl. IlepBeifi - 2TO JledCTBHE BHYTPHUKJICTOYHOrO Jbaa. Ero
MOXKHO H30€XaTh, eCllH 00eCHIEeUYnTh JOCTATOUHYIO AerHIpaTaliiio TeM WIH HHBIM
crnocoboM: 3aMOpakHBaHUEM B pEXKHMe ,BeTpupukanuu” (6bICTPOE OCMOTHIECKOE
OTHSITHE BOJB1 34 CYET CBEPXBLICOKOH KOHIEHTpaIU# PacToOBpa KpHONPOTEKTaH-
TOB), NOJCYNIBaHAEM B MOTOKE CTEpHJIBLHOrO Bo3fgyxa (06a oTH cunocoba co-
IPOBOXKIAIOTCS OBICTPHIM 3aMOpa*KHBaHHEM) HIIH MeJIJIEHHBIM 3aMOpa>kHBaHAEM ¢
HHANARAOHedl KpHcTalaAsanuu pactsopa (byTtenko, Ilomop et al., 1983,
Keefe etal, 1984). [Ipu ucnonp3oBanny moclefHero cnocota, KPHOMAKPOCKONA
1 pactsopa quMmeTmicyJbgokeuna (JIMCO) Mb1 Habmonanu kiaeTku Dioscorea del-
toidea [1-1 Ge3 abpa Bwiots o -27°C (Bonkopa et al, 1984), 910 KOCBEHHO
HOJTBEPKNaeT BUTpHPHKALMIO (IepeXo] BOfibl B aMOp(PHOE TBep/ioe COCTOSHHE)
IUTOINIa3Mb] B IPH MeIJIEHHOM 3aMoXXuBaHud B npucycTeran [IMCO. Ho numenso
CHJILHAsE AeruApaTanus NPUBOAUT K CAMOMY Ba*KHOMY MEXaHH3MY THOeJH KIEeTOK
pacTenud BCIECTBHE HepeXo/ja JXNAOR KIeTOTHOH MeMOpaHbl U3 TaMeIJISIPHON B
reKCAroHajlbHy0 HHBEPTHPOBaHAYIO hasy ¢ 06pa3oBaHHEM MHIEJI BMeCcTO OHCIOA
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(Steponkus, 1984). 31oT nepexo IPOHCXOANT NOCTENEHNO, TPUBOJISI K HECTPYK-
M IUIa3MalleMMBbl, H KJeTKa norubaeT gepes HEKOTOPOe BpeMsl B nepuoj Haf-
DONLITIErO CKATHS.

Onnako, pp1Bogbl CTenoHKyca ObUIH COPOPMYJIIHPOBaHbL B pesyabTaTe
ONBLITOB TOJLKO Ha OJIHOM copTe oaHora puaa. ostomy HeobGxoaumo Obio yoe-
JMTHCS B HX CHPaBEeNIBOCTH JUIST KIETOK pacTeHni JIpyrux Bujjos. Mbl paspaborann
NOBLIA (hIYOPHMETPHYUECKHIT METOJ, OTHOBHAYHO Oonpeaensuoumid (pn Haamaim
COOTBETCTRYIOUIUX KOHTPOJEH H CTPOTO CTaHlapTHON NOCTAHOBKE), IPOLEHT Kile-
TOK C Cepbe3HBIME, JECTPYKTHBHLIMH HNOBPEXJCHUIMA KJIETOUHOH MeMOpanb

(ITomow etal, 1992).

' HOMOHILIO 3TOrO METOJIa Mbl CONOCTABMIIN JICHCTRHE 3aMOPasKABAHAS 1O
Halle i IPOrpaMMe ¢ BIHSIHAEM MEJIIEHIOTO CXKATHs IPOTOILIACTOR KJIeToK 1pu 2°C
B PACTROpaX ¢ CANBHON OCMOTHYHOCTBIO, COOTBETCTRYIONIEH TOH, KOTOpast RO3HH-
Kaer upn -30, -40°C (Pepoposekni etal., 1992;1993). Ha S KI€TOUHBIX [ITaM-
Max, IpHHAIEXKAIlMX CTONbL pa3sHbiM BAlaM, Kak Panax ginseng C.A. Mey u Dioscorea
deltoidea Wall., w ommIaonmxces 10 CBOEH HCXOJHOA KPHOPESACTEHTHOCTH, OLLIa
NOKa3aHa OYeHb ONN3Kas KOppessinust MeXIY KPHO- H OCMOPE3HCTEHTHOCTHIO.
3uaunT, JeCTPYKTHBHbIE IOBPEKACHHS KIETOYHOA MeMOpaHbl onpe- JelsioTes He
HA3KOH TeMIepaTypod, a HCKIIOYHTENLHO IeTAgpaTaIicii.

INPAKTUYECKE JJOCTHRKEHWS

B npakruieckom wrane B Mncruryre gousuonornn pacresui B Mockge Juist
KYJALTYD KIECTOK H alleKCOB i1 vilro OLull paspaboTanbl MeTONbl HOAIOTOBKH K
KPHOCOXPAHECHHIO, CHOCOO H aBTOMATHUECKOE YCTPORCTBO JUIst HHUIHAIIN KPHCTA-
JH3ANAN PAcTROPA KPHONPOTEKTAHTOR HNPH MEJUICHHOM 3aMOPaXHRAHAN N
PCKYJNLTHBHPOBaHNE; 23 KNeTOYHbIX WTaMMa 15 BHAOB BO3OGHOBWIH POCT HOCTE
AKHJIKOTO a30Ta 0 COXPaHIIIN BCe CBOI OCHOBHbIC CBOHCTBA; 17 ITAMMOB XpaHsITCs!
HOCTOSITHO H HX POCCTAHABINBAIOT B PACTYIIEM COCTOSIHIH, KOT1a OHIL HEOOXOJIHMBIL.
Mepneremmr Solanum tuberosum, Digitalis lanata, Chamomilla recutita, 22 copror
I'ragaria x ananasa, KIeTKH MOPKOBH 1 KapTodest pereHepHpoBall pacTeHus.

KPUOCOXPAHEHUE Dioscoria balcanica u D. caucasica

Msnoxkennpie Bplllle 0 ApYrHe HALIM HCCHEOBAHUS HOCHYXHIH HCXOJHOL
Ou301T 111 paspabOTKH KPROCOXPAHEHUS PeJIKIX QHIEMHIUbIX BUOB popa Dioscorea:
D, balcanica Kosanin u D. caucasica Lipsky, KyJILTuBapoBaiine in vifro RaJljlyCcHbix
TKAHCH KOTOPBIX € NOCHeJYIOMEN perenepaluell pacTeHnii 1 MEKPOKIOHAJILHOE
pasMnoxkenne ObUIO paspadboTano B UHCTHTYTY OHONOFHUYECKHX HCCIEIOBAHATHM
C. Crankopnua B benrpage (I'py6nmunua, Yynadgnru,Boepnu-Ilperny,
1991). I'posdinec HOJHOE HCTe3HOBEHHE 3THX BRAOB SIBISIETCS, K COXAIEHHIO, IPKUM
NpUMepom ckopefilel 1eoOX0IMMOCTH UCHOJL30BaTh BCE CPECTBA - B TPaJHIIOH-
HHIC, 1 HETPAJIMIHOHIBIE - [Is1 CHACeHUs! H NX I'eBochonfa, 11X camnx. VX KieTounnle
HWITAMMDL (7 Vilro TIPECTaBIsioT HITepec Takke u s 6Gnorexnojorun. Ilepenie
ONLITEL, HOKa3aRIIHe BO300HOBICHAE POCTa OPraHOTeHHBIX KAJUIYCHLIX TKaHed nan-
IHIX BUJIOB [TOC)Ie KPHOCOXpaHenns, ke onyoiuxopanbt (Uynadunua et al, 1994).
Tam e npupejienb! NOIPOOHOCTH METOIIKH, BRAIOUABIICH CIEIYIOUNES OCHOBHBIC
MOMCHTBL
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Pacenns pereneprpoBaHAbIC B3 OPralorciiioro Kajlyca nepecaXkeHn B 104y B
OpamKepen.
a. - Dioscorea balcanica
0. - Dioscorea caucasica

Opranoregnpifi Kanryc 6panu uepes 3-4 Hefenn HOCHe Nepecafky, KOTIa OH
coflepxall HanOoJbIee YUCIO 3eMeHbIX 3a9aTKOB HOYeK, H3MeIbyali, OXJaKJalH
Ha JBIY H MOCTENEHHO JOOABIANN XONONHbLIA PAaCTBOP KPHONPOTEKTAHTOB. B npej-
BapUTCHBLHBIX ONbITaX HAMIYUIIAEe Pe3yIbTaTbl ObUIE MOJYYEHbl CO cMechio 7%
AMCO 1 5% Tperanossl, 103TOMY B HACTOSINEH paboTe HCIOAL30BATH HMEHHO 3TOT
PACTBOP. DTy CYCNEH3HIO BCTPSXHBAIA 5 MUH M NMEPEHOCHIN B aMIIYIIbl, KOTOPbIE
spigepxkusann 1-1.5 vaca npa 4-6°C B HoMemainm B KaMepy HpOTPaMMHOTO
3aMopaXxkupaTels pacTHTeNbHbIX KieTok 3PK-1 (CCCP), korma TeMnepaTypa B Hel
cnmxanack o 0-4°. IIpm Temmeparype B ammynax -4.4°C aBTOMaTHYCCKH
NPOHCXONMIA HHANHUAIKS KPUCTAJIN3ANMAA PacTBOpa B aMIyJaxX U IIOCAEyIOuast
cTabWIN3aNAsA TeMIEPaTyphl B Teuerne 20 Mun. [lanbAedilee 3aMOpaKHBaAHHE IIUIO
co ckopoctbio 0.33°C mumm no -30°, - 10.00°C/Mun o mpeGamsarensro -60°C
aMIynbl  ObICTPO NOTPYXKANH B SKHJKAW a30T, [Jie XpaHWIH HeCKOIbKO [Hed HiH
MeCsIEeB.

OtranBany aMIyisl B BofisiHod Gane npu 40°C co BerpaxupagneM. V3piedeH-
Hbl€ H3 HHX Kallychbl OOMelald Ha OymaXkHble (PAILTPHI, pacHoyoXKeHHble Ha
[OBEPXHOCTH arapH30BaHHOM cpefibl B 9amkax IleTtpn. Yamku noMemain B TeMHOTY
npu 25°. Yepes HECKOIBKO 9aCOB (PHIBLTPDI ¢ TKAHBIO NEPEHOCHIN B HOBble YalllKH
* 1 OCTaBJIIA HA HOYb B TEX K€ YCIOBUSIX. Y TpOM (PHIBTPhl OHOBA HEPEHOCHIH Ha
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HOBBIE YallIKH Ha CPSTY ¢ arapo30# i NOMeIllaId B 0Ob1UHbIE YCIOBHS C OCBELIEHHEM.
Cnycrsi HeCKoJibKo fiHefl nepegoc ¢(HALTPOB HHOTAA NOBTOPSNN, a HoOCHe
AOCTATOYHOTO BO3OOHOBICHNUS pOCTA KAJIYCHON TKaHH - IepecakuBau ¢e Ha cpey
JIsI pereHepauu.

Pacrennst Dioscorea balcanica m D. caucasica B KyAbTYpE i VIfro ¢ YCIEXOM
pereHepHpPOBaHHbI NOCHEe XpaHeHHs UX KaJJYCHBbIX TKaHed B XKHAKOM asorTe. B
HOBTOPHBIX HEe3aBUCHMbIX ONbITaX KaJJyChl 06enX BHOB TaKXKe BO30OHOBUIM pOCT
Hocjie OTTaHBaHUS, OPHYEM He TOJLKO OpraHoreHHble, HO B 3MOpHOIeHHbIE!
IPO3pavHble IIOOYISIpAbIE arperHpOBaHHbIE CTPYKTYPhl, NOJNYYEHHbIE U3 OpraHo-
rennbix TRaHeh Ha cpepe ¢ 2.4-[1 (I mg/l). CocTosiHuE M pocT 3MOPHOTCHHDbIX KaJl-
JIYCOB noCie KpHOCOXpaHeH s Iyllle, YeM OpraHoreHHbIX. B nacrosiiee BpeMst 3T
TKaHH mepecaxkebl HAa cpefly Ul pereHepanui, NpoBopsaTcs HabGMIogenns 3a HX
pasBHTHEM H HCCAEJYIOTCS XpOMOCOMEBIE HAaOOpbl B KJIETKaX M KalllycoB, H
KonuukoB Kopaed. IlpojlomxaeTcss TakKe XpaHEHHe B XHJIKOM a30Te aMIyls C
TKAHSIMNA OTHX ACYE3alIUX JHAEMHYHBLIX BHAOB, 3aMOPOXKEHHBLIX B TeX Xe
ycnenmpix onbitax. [IpeumynecTBo kpuonpotekTanTHoA cMecd IMCO c Tpraio-
301 O CPaBHEHHUIO ¢ caXxapo30i HEYJHBHTENBHO B CBeTE JAHHbLIX O TOM, 4TO Tpera-
71038, COCTOSIIAst U3 IBYX IITIOKO3HBIX OCTATKOB, Iyulle cTadUIu3upyeT MeMOpaHbl,
3aMelliast B HAX BOJY B 06pa3yst MOCTHKH MEX]Ty COCETHIMH roloBKaMu cpoconnni-
aoB (Crowe et al., 1988). Takum o6pa3oM, NONOXKEHO HAYAJO CHACCHHIO HA3-
BAHHLIX BHJIOB C NOMOIILIO KPAOCOXPAHEHHS! X TKaHeH B KAJKOM a30Te.
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ALEKSANDAR S. POPOV, LIUDMILA A. VOLKOVA, LJUBINKA CULAFIC!

KRIOKONZERVACIJA GENOFONDA BILJAKA I TKIVA IN VITRO
DIOSCOREA BALCANICA 1 D. CAUCASICA

Instillut za fiziologiju biljaka K. A. Timirjazeva RAN, Moskva, Rusija
Institut za botaniku, Biologki fakultet, Beograd, Jugoslavija

U uslovima neograni¢enog rasta potreba ¢ovedanstva i poremecaja ckoloske
ravnotezZe u prirodi, ve¢ davno je $hvadena opasnost koja ugroZava geneticke resurse:
kulturnih, lekovitih i iztezavajuéih, endemic¢nih biljaka. Tradicionalni nacini o¢uvanja
tih resursa su nedovoljni. Tako je shvaéena neophodnost kriokonzervacije genofonda
ovih biljaka u te¢nom azotu (-196°C). Tako dobijena ,.kriobanka” ima poseban znacaj
za vegetativino razmnoZavanje izabranih vrsta, roditeljskih hibridnih formi, i biljaka sa
rekalcitrantnim semenima. [strazivanja na vistama Panax ginseng i Dioscorea deltoidea
dala su moguénost cuvanja Celijskih linija ovih vrsta u te¢nom azotu i pokazala da je
elavni problem dehidratacije ¢elija. Danas se u kriobanci Instituta za fiziologiju biljaka
KA. Timirjazeva u Moskvi ¢uvaju 23 linije od 15 biljnih vrsta Ciji su meristemi stabla
vraceni sa uspehom u kulturu in vitro posle dugotrajne kriokonzervacije.

Kalusi endemo-reliktnih vrsta Dioscorea balcanica KoSaniniD. caucasica Lipsky,
Koje suuvedene ukulturu in vitro u Odeljenju za tiziologiju biljaka Instituta za bioloska
istrazivanja .Sinia Stankovi¢” u Beogradu, ¢uvaju se u teCnom azotu u ovoj kriobanci.
Kao krioprotektant kori$cen je 7% dimetilsulfoksid (IDMSO) sa 5% trechalozom, a
zamizavanje je viSeno po programu 3PK-I (SSSR) brzinom 0.33 C/min do -30°C, zatim
10.00 C/min do 60°C a zatim su ampule brzo spustane u te¢ni azot. Posle viSemesetnog
fuvanja na lcmperaturi -196"C organogeni i embriogeni kalusi su otapani u vodenom
kupatilu na 40°C a zatim gajeni u in vitro uslovima na hranljivim podlogama za
regeneraciju biljaka. Regeneracija je bila uspedna u istoj meri kao i kod kalusa koji su
permanentno rasli na 25°C.

Ova metoda je neophodni sastavni deo postupka za o¢uvanje retkih i endemiénih
biljnih vrsta putem metode kulture in virro.
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NITROGEN ASSIMILATION IN MAIZE
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HadZi-Taskové Sukalovié¢, V. Vuletié, M. and Vuéini¢, Z. (1995):
Nitrogen assimilation in maize. — Glasnik Instituta za botaniku i botanicke
baste Univerziteta u Beogradu, Tom XXIX, 9 - 17.

A review of the nitrogen assimilation in maize is given, with special
emphasis on the differential uptake and metabolic strategies employed
for the incorporation of the nitrate and ammonium. The data presented
show that for optimum growth and development maize requires both
forms of nitrogen to be present in the soil. Under stress conditions (low
temperatures, drought or Jow pH and aluminium toxic soils) such different
uptake and metabolic pathways express themselves in a differential re-
sponse, making it possible to alleviate some of the unfavourable effects of
stress conditions by feeding maize plants in the field with an appropriate
nitrogen fertiliser mixture. In the future, breeding of plants with specific
nitrogen assimilation pathways, as a way to battle non-optimal environ-
mental conditions, could be envisaged.

Key words: nitrogen assimilation, photosynthesis, nitrate, ammo-
nium, ion uptake by roots, Zea mays L.

Kljucne reci: asimilacija azota, fotosinteza, nitrat, amonijum, usva-
janje jona od korena, Zea mays 1..
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INTRODUCTION

Among the mineral nutrients nitrogen is umque in that the plant can take it up
as the posmvely charged ammonium ion (NH4 ) and /or the negatively charged nitrate
ion (NO3"). Both nitrogen forms are available in the soil to a smaller or greater extent.
Whilst ammonium can be produced in the soil as an intermediate of the urea metabo-
lism and the degradation and oxidation of other organic matter, nitrate is the dominant
form of soil nitrogen available to plants under default (normal) conditions. This is due
to the fact that under natural conditions ammonium is quickly converted to nitrate as
the result of the ubiquitous distribution of soil micro-organisms, capable of metabolic
utilisation of the free energy contained in the process of ammonia oxidation. However,
in agronomy practice, mankind has devised ways of 911pplym0 ammonium to the
agriculturally important plants, altering the NO3/NH4™ ratio and keeping it far from
the natural equilibrium.

Nitrogen assimilation involves the uptake of nitrogen from the soil by the root
system, the metabolic conversion of the absorbed nitrate form in the root and/or the
shoot, transport to the shoot, and its incorporation into different organic forms in the
cell metabolism. Most plants can use either nitrate or ammonium as a source of
nitrogen. However, the degree of effectiveness of these forms on plant growth and
nutrient uptake when both sources of nitrogen are available is dependent on plant
species and NI 14+ :NOz ratio(Errebhi & Wilcox, 1990). Maize plants require
both nitrogen forms for maximal growth (Schrader etal, 1972). If the source of
nitrogen is nitrate, it may be reduced in the root or transported to the shoot where it
can be processed.

Maize is the plant with which contemporary breeding in the last 70 years has
achieved the greatest results, the average yield of grain increasing more than 500%
from the yleld achieved for centuries before. Of course, such yields are possible only
when high energy input agronomy practice is applied, and adequate water, light and
high tempcrarurcs are available. The photosynthetic process, as far as it is known is
the same amongst the ancient varieties selected by nature in different environments
and the new hybrid varieties of maize being planted throughout the conr belt region of
the world. Itis common knowledge that the ancient varieties are not capable of utilising
extra fertiliser (especially nitrogen) when provided to such plants, as opposed to the
selected and improved hybrids, capable of utilising up to 200 kg of fertiliser per hectare
per year, resulting in such a spectacular increase in growth, yield and utilisation of the
efficient Cy4 type of photosynthetic process. However, no consistent physiological,
biochemical or molecular biology explantation has been offered to explain what is
known as , good recombination characteristics” and , heterosis” amongst the breders. The
logical explantation would be that the new varieties of maize have an altered nitrogen
assimilation pathway, capable of taking up and transforming the nitrogen provided by
human endeavour, when sufficient energy is available, but this has yet to be proved.

AMMONIUM AND NITRATE UPTAKE BY THE ROOT

Ammonium uptake systems, defined as energy-dependent and carrier-mediated
in algae, fungi and bacteria (Kleiner, 1981), in higher plants are relatively less
studied. In rice roots ammonium influx is biphasic and mediated by two discrete
transport systems (Wang et al, 1993). At low ammonium concentrations (below
ImM) influx is mediated by saturable high affinity transport system with high Q10 and
significant sensitivity to metabolic inhibitors. At higher concentrations ammonium
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influx shows a linear response due to low-affinity transport system, being much less
responsive to metabolic inhibitors and temperature. Mechanism of high-affinity trans-
port which appears to be an active process in roots of rice (Wang et al., 1994) is
unknown. The effects of CCCR, ATPase inhibitor (IDES) and respiratory inhibitors
(KCN + SHAM) confirm the dcpcndenu of these processes on metabolic energy and
indicate the involvement of H* transport (direct or indirect). It was suggested (Wan g
et al., 1994) that passive entry of ammomum might occur in the low-affinity trdnspon
syste m (specific channel for NH4™ or a shared cation channel).

The uptake of NO3™ appears to be mediated by at least two distinet systems in
higher plants. The first is an inducible high-affinity active transport system, which has
a low Ky for NO3™, shows Michaelis-Menten saturation kinetics, is sensitive to meia-
bolic inhibitors and regulated according to the plant nitrogen status. Nitrate induced
pH dependent transient depolarisation of membrane potential followed by a repola-
risation, and observed on dlfferent plant objects (Ulrich, 1987), was explained by
the operation of a NO3/H" symport mechanism with excess protons, and subsequent
stimulation of proton pump. In maize roots a similar electrical response, which dis-
played nitrate-inducibility, pH dependence, as well as sensitivity to plasma membrane
ATPase inhibitors, was closely correlated to nitrate uptake characteristics (M cClure
et al, 1990a, b). The second transport system is a constitutive, low-affinity transport
system, operating at higher NO3™ concentrations, with linear kinetics and lower sensi-
tivity to metabolic inhibitors. Although it has some characteristics that would be
expected of a passive, channel mediated transport system, recent results suggest that
this system might also be active (King et al., 1992).

The plant plasma membranes contain redox systems involved in trans-plasma
membrane electron transport from internal electron donors, such as NAD(P)H, to
specific electron acceptors, often accompanied by proton extrusion from the cell. A
possibie involvement of constitutive plasma membrane-bound nitrate reductase in
redox activities in membrane was indicated by immunological correlation between
nitrate reduction activity and reduction of extracellular electron acceptors (Jones &
Morel, 1988). They proposed a model in which plasma membrane-bound nitrate
reductase reduces extracellular electron acceptor and intracellular nitrate and also acts
as a trans-plasma membrane proton pump.

Since it was proposed that such a nitrate reductase could be also responsible for
nitrate transport across plasma membranes (Butz & Jackson, 1977), the hy-
pothesis was supported or disputed by different authors. Experiments with barley
genotypes lacking the nitrate reductase gene demonstrated the independence of nitrate
uptake and nitrate reductase activity(Warner & Huffaker, 1989). Onthe other
hand, the existence of nitrate reductase activity localised in the plasma membrane, in
addition 1o soluble cytoplasmic nitrate reductase, in different plant objects including
barley and maize root (W ard etal., 1989), and inhibition of nitrate uptake and plasma
membrane-bound nitrate reductase of barley roots by same antibodies (W ard et al.,
1988), indicates a possible relationship between NO3 transport and NO3™ reduction in
the plasma membrane. This plasma membrane-bound nitrate reductase activity in
maize roots exhibited two different activities (NADH and NADPH-dependent), both
being constitutive and insensitive to ammonium, contrary to the soluble cytoplasmic
nitrate reductase with low constitutive activity (De Marco etal, 1994).
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METABOLIC CONVERSION OF NITROGEN FORMS AND ROOT-SHOOT
INTERACTIONS

Nitrogen taken up from the soil can be stored in the root, incorporated into
organic molecules in the root, or transported to the shoot and there stored or incorpo-
rated into organic matter. The process of nitrogen incorporation into organic matter
I among the most energy-intensive processes in plant. All of the organic 101ms of
mlmﬂm must be derived from NHs". Conversion of one molecule of NH4™ to
glul’amnlc requires two electrons and one ATP. In the case of nitrate serving as the
nitrogen source, it must be first converted to NH4*. This reduction of nitrate to
ammonium is a two reaction step, NO3 ™ reduction to NO2 requiring two electrons and
catalysis by nitrate reductase (NR EC 1.6.6.1 and 2), and NO2  reduction to NIg "
requiring six clectrons and catalysis by nitrite reductase (NiR 1€ 1.7.99.3). Thus, the
uptake and incorporation of nitrate by plants is a much more anrﬂy—dL manding and
costly process. Therefore, plants expend less energy for NHs ™ assimilation. Hnzymes
required for nitrate reduction and for the assimilation of ammonium ion are found both
in the root and shoot (Oaks & Hirel, 19853).

When ammonium is the source of nitrogen, it is incorporated into the amide
nitrogen of glutamine, glutamine then being exported to other parts of the plant
(Oaks, 1997) In such a case the nitrate upml\c system(s), and the nitrate and nitrite
reductases, with their high encrgy demands, would be bypassed. When nitrate is the
dominant ion taken up by the plant, the planl root responses to such an increase of
environmental NO3 are the induction of enhaced NO3” uptake syshm(s) and induction
of enzymatic activities to catalyse the reduction of NO3 to NFHg* (JTackson et al,
1986; Larson & Ingemarsson. 1989). Also, increased availability of NOy
induces the system for the assimilation of reduced nitrogen, the transport of NO3 to
the shoot, proliferation of the root system, changes root to shoot ratios and enhances
root respiration (Granato & Raper, 1989; Bloom ctal, 1992).

In the case of nitrate reduction occurring in the leaf, the whole process is linked
directly to the photosynthetic assimilation process. It was shown that C4 plants
(amongst which is maize) have the enzymes of nitrogen reduction and amination
distributed between the two types of photosynthetic cells and chloroplasts, the high
energy demand components (reductases) being localised in the mesophyll cell
(Moore & Black, 1979). Maize has been known for a long time to be an efficient
rmitrogen utilising species. Such a characteristic was based on the capability of maize to
achicve a greater total dry weight to nitrogen ratio, when compared to other agricul-
turally important plants. It was only with the discovery of the Cy4 pathway, when it was
shown that the most prominent leaf enzyme, ribulose bisphosphate carboxylase/oxy-
genase (in C3 plants accounting for 50% of the leaf protein), due to the efficient
functioning of the photosynthetic process of such plants can be reduced in quantity,
thus altering the total dry weight/nitrogenratio(Hatch, Osmond & Slatyer,
1971) that an explantation for such greater efficiency was offered. The energy for
nitrate reduction in nonchlorophyllous tissues comes from oxidation of carbohydrates
or organic acids.

Under conditions of limited external nitrate concentrations (without ammonium
present), higher nitrate reductase is detected in maize leaf than in root tissue (O aks
& Hirel, 1985), but with increasing nitrate concentrations the component of nitrate
becoming reduced in roots also increases. Thus the proportion of nitrate reduced in
maize roots was shown to be about 37% of the total nitrate takenup (Van Benish-
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chem etal., 1989), the remainder being reduced in the shoot tissue. Other authors
have shown that the partitioning of nitrate assimilation between root and shoot and
relative concentrations of nitrate and reduced nitrogen in xylem sap, in maize plants,
showed substantial pmpomon of nitrate assimilation in the shoot (up to 90%) (An -
drews, 1986). Our results (Hadzi-Taskovié¢ Sukalovié & Baoguo,
1996) demonstrated that changes of NO3™ concentration in nutrient solution from 2.5
mM to 10.9 mM increased the specific activity of the nitrate reductase for 170% in root
and 50% in leaf tissue of 15 days old maize. The ratio of leaf to root nitrate reductase
activity being 5.7 in low NO3” solution and decreasing to 3.2 in high NO3 solution. This
suggests that growth of plants in high nitrate concentrations alters the proportion of
nitrate reduced in the shoot by enhancing the root capacity to reduce NO3". Such
observations could be explained by a metabolic shilt to a different mechanisms for the
uptake of nitrate ions.

Nitrogen from ammonium is processed primarily in the roots (Lewis, 1986).
When ammonium is the available source of nitrogen, it is incorporated into glutamine
in the root mainly in a reaction mediated by glutamine synthetase (GS EC 6.3.1.2).
Glutamine is the dominant form of transport to the other parts of the plant. Synthesis
of glutamine requires glutamate, ammonium and ATP in a reaction with GS. This
reaction takes place in root tissue under normal conditions, assuming that glutamate
is generated from glutamine and 2-oxoglutarate, an intermediate of TCA cycle in a
reaction mediated by glutamate synthase, ((IO(IAT EC1.4.7.1) asdiscovered by L e a
and Mifflin (1974). As a result of this NHa ™ - induced metabolic activity in the root,
which could deprive other txssues of carbon skeletons and energy resources required
for growth under high NHs " conditions and thereby result in NHs ™" toxicity. On the
basis of organic nitrogen transported to the shoot, it was sug,g,asu.d that the
( 1%/(1()(;/\1 system alone may not be sufficient to assimilate NH4 " in roots (Il anda
et al., 1984) and glutamate dehydmé,cndse (GDH EC 1.4.1.2) activity in maize roots
has bwn reported with NI 14 assimilation (H anda etal, 1985; Oaks et al., 1980),
expecially when high NHs™ concentration is dvallable for plant growth. Aminating
function of GDH Whlbh uses 2-oxoglutarate, NH4" and NADH in high ammonia
conditions is considered to be mvolvcd in tissue detoxification. Recent results have
shown that ammonium isomerization of GDH molecule occurs with high NHs™"
concentration (above 5 mM) to form the hexameric structure of enzyme (Osuji &
Madu, 1995). This is a critical reaction step in the synthesis of glutamate. Many
authors reported the amination function of GDH for numerous plant tissues
(Yamaya & Oaks, 1987; Zhang-Qiang etal, 1992; Osuji & Cuero,
1992). Our unpublished results (Had Zi-Taskovié¢ Sukalovié & Vuletié)
on maize root mitochondria isolated from 15-days old plants grown on 10.9 mM NO3’
+7.2mM NHs " demonsrated also an amination role of GDH induced by high NI4 "
level present in nutrient solution. Increased GDI activity indicate that mitochondria
could be the place of glutamate synthesis and therefore, may be involved in detoxifica-
tion ol"uccss of NHa4 ™. As the result of the requirement of carbon skeleton and energy
for NHy " assimilation and biosynthetic purposes, mitochondria exhibited intensificd
TCA eycle activity and also increased phosphorilative and non-phosphorilative activity
which could provide a mechanism for the turn-over of the TCA cycle. Glutamate
synthesis in mitochondria by GDH would function as an amino donor in transamina-
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tions inside mitochondria to provide aspartate (in a reaction with oxaloacetate) or
alanine (in reaction with pyruvate), as well as for the formation of glutamine in a
reaction with GS outside mitochondria (O aks, 1992).

Uptake of NO3 in maize is not inhibited in the presence of NH4 ™, but assimila-
tion of NO3' into org,amg nitrogen is retarded by NHg *. When both nitrogen forms are
absorbed, NHa™ is used preferentially for synthesis of amino acids and protein
(Schrader et al, 1972). Assimilation of nitrate or ammonium is dependent on
carbohydrate metabolism. In root tissue, a significant provision of carbon required for
amino and organic acids synthesis is derived from phosphoenolpyruvate (PLEP) car-
boxylation (A1 nozis etal,1988; Cramer etal., 1993). The requirements of NIH4 ™"
assimilation cannot be fully satisfied by the endogenous supply of 2-oxoglutarate
because of the intensified amino acid synthesis, and therefore higher rates of dark
fixation of dissolved inorganic carbon provides the carbon skeleton for both, amino
acid and organic acid synthesis. In nitrate assimilating plants, the products of PEP
carboxylation are preferentially diverted to organic acid synthems Accordingto Cra-
mer etal (1993), the capacny of plants to assimilate NH4 ™, especially under limiting
supply of respiratory 2-oxoglutarate, is determined by the capacity of such plants to
provide the necessary carbon skeleton in the roots. A balanced ammonium-nitrate
assimilation may induce a desirable organic acid content in plant tissue.

NITROGEN ASSIMILATION IN STRESS CONDITIONS

Instead of internal control, the uptake and assimilation of two nitrogen contain-
ing ions in maize are regulated also by external conditions. Concentration of nitrogen,
pH, temperature and light all influence nitrogen uptake, transport to the shoot and
assimilation Jackson & Volk, 1992).

Nitrate assimilation is more affected than NH4 ' assimilation in all stress condi-
tions, independent of the stress origin. Many studies indicate that the leaf nitrate
reductase is an extremely susceptible enzyme to environmental changes. Decreased
leaf nitrate reductase activity was reported in the conditions of low light intensity (L i
& Oaks, 1995), high temperature and drought (Amos & Scholl, 1977), low
temperature (Bakker & Van Hasselt, 1982; HadZi-Taskovi¢
Sukalovié¢ & Zari¢, 1991), or aluminium t0x1cxty stress (Hadzi-Ta%kovic
Sukalovié¢ et al, 1993) HadZi-Taskovi¢ Sukalovi¢ & Baoguo,
(1996) reported a strong negative effect of aluminium on the maize leaf NADH-nitrate
reductase activity. The reduction of activity was dependent on the maize genotype
analysed. In some cases, more than 70% of enzyme specific activity was lowered during
aluminium stress. An opposite effect was detected in roots. NADH-nitrate reductase
specific activity was slightly decreased or even stimulated. Therefore, it was evident
that aluminium stress changed proportions for nitrate reduction between shoots and
roots. The same authors demonstrated that bifunctional NAD(P)H-nitrate reductase
activity was significantly elevated in roots, suggesting that this enzyme plays a more
important role in NO3™ assimilation under aluminium stress and therefore in alu-
minium tolerance.

Low temperatures decrease the NO3 transport to the shoot and increase the
NO3 concentration in the root tissue (Kafkafi, 1990), but aluminium stress limits
the NO3™ uptake (Durieux et al,, 1995) and decrease NO3™ concentration in maize
roots (HadZi-Taskovié Sukalovié & Baoguo, 1996; Mihailovié et
al., 1995). Under unfavourable external conditions, NH4 © is a better source of nitrogen,
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because it is quickly metabolised in the root tissue, and translocation of metabolites to
the shoot is less affected by root temperature. It is in this context that the activity of
enzymes involved in the incorporation of NHs ™ to organic compounds are not affected,
or even stimulated in different stress conditions.

Miranda-Ham & Loyola-Vargas (1994) reported the resistance of
maize root glutamine synthetase during water and salt stress. HadZi-Tagkovié
Sukalovi¢ etal (1990) found that aluminium stress did not affect the GS activity,
buteven increased GIDH activity in roots of many maize inbred lines subjected tostress.
In order to survive unfavourable conditions, many plants absorb more NH4" than
nitrate (Shaviv, 1990).

CONCLUSIONS

According to Kafkafi (1990) NHs" can serve as a good source of nitrogen as
long as sugar reserves and supply are available in the root, and opposite, the conditions
when high consumption of sugart takes part in the root, NO3' is a better source of
nitrogen for the plant. The adaptability of maize plant to change the proportion of NO3
or NHy* rates of uptake under stress conditions, gives a mechanism for improvement
of crop yield by adequate supply of appropriate nitrogen nutient.

It is obvious from the data presented that maize plants have a versatile and
adaptable nitrogen uptake and metabolism system. Under conditions of stress, or
through human endeavour and varying fertiliser application, when different forms of
nitrogen are supplied to plants, its cellular mechanisms are capable of performing a
switch and metabolic adaptationso as to be able to take up as much nitrogen as possible.

The importance of studying nitrogen assimilation Olsen (1986) emphasised
with words: ,,Controlled nitrogen (ammoniwm-nitrate) nutrition is the largest and most
significant laboratory proven potential for increased crop growth that has not been demon-
strated on a field scale”. We would like to add the word ,yer”.
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Daje se pregled mehanizama asimilacije azota (sa posebnim osvriom na kuku-
ruz). razmatrajudi razlicite puteve usvajanja i metabolickih transformacija za ugradnju
nitritnog i amonijacnog jona. Padaci pokazuju da je za optimalan rast i razvoj kukuruza
pozeljno prisustvo obe forme azota u zemlistu. U uslovima stresa (niska temperatura,
suSa ili niski pH i aluminijum toksi¢na zemlji§ta) takvi razliciti putevi usvajanja i
metabolizma azota nalaze ekspresiju u razli¢itim odgovorima biljke, omogucavajuci da
se ncki od Stetnih efekata stresa uklone prihranom biljaka kukuruza u polju
odgovarajuéom kombinacijom azotnih formi pri dubrenju. U buducnosti, selekcija
biljaka sa specifi¢nim putevima asimilacije azota bi mogla da se pokaZe kao jedan od
pristupa borbe protiv neoptimalnih uslova spolja$nje sredine.
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The paper presents the main problems and trends in the studies of
physiological plant ecology during the last three decades in Serbia. It gives
a brief survey of the most important aspects of environmental physmlo oy
of plants, such as plant water relations, photosynthesis, respiration and
dry-matter production, analysed throu gh the ecophysiological parameters
of the great number of plants from the principal ecosystems of the region:
forest, meadow, agricultural and urban ecosystems. On the basis of the
obtained data the general achievements and the future prospects in the
theoretical and practical work in physiological plant ecology have been
discussed.
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uUvOD

Fiziologka ekologija biljaka predstavlja vaznu sponu izmedu ekologije i fiziologije
biljaka. Ona je poscbna i veoma Lna(,dim disciplina pmiz&la iz. fitockologije, koja na
Konkretan i dokumentovan nacin objaSnjava sloZenu uzajamnu zavisnost Zivotnih
procesa u biljci i uslova sredine u kojoj biljka Zivi. Fizioloska Cl\ologua bll]al\a proucava
fiziolo§ke procesa biljnih vrsta u prirodnim, manje-viSe neizmenjenim, uslovima nji-
hovih stanista, teZeéi da, s jedne strane, njihova ekologiju objasni odgovarajucim
fiziolo$kim specifitnostima 1 adaptacijama, i, s druge strane, da njihove fizioloske
procese (njihov karakter, intenzitet i dinamiku) objasni uticajem konkretnih spolja$njih
uslova na stani§tu i adaptivnim moguénostima biljke (Jankovié, Kojié, 1975).

Zadaci fizioloSke ekologije biljaka su kompleksni i konkretni. Predmet njenog
ispitivanja su prevashodno fiziolodki procesi u odgovarajuéim prirodnim uslovima
stani$ta, ali, istovremeno, i valorizacija faktora spoljasnje sredine koji specificno deluju
na te procese, kao i morfolosko-anatomske i druge karakteristike biljaka koje odreduju
ili poscbno usmeravaju pojedine fizioloske procese. Uopste uzev, predmet fizioloSke
ekologije biljaka je utvrdivanje specifi¢nih interakcija i funkcionalno-struktumih odgo-
vora biljaka na odgovarajuce konkretne uslove spoljasnje sredine.

Fiziologka ekologija biljaka se, od podetka 20. veka postepeno razvijala kao
samostalna naudna oblast iz potreba da se prevazidu razlike u pristupu izucavanju
izmedu fizilogije i ekologije biljaka. Kako navodi W a lte r (1960) fiziologija biljaka jc
zbog svoje velike specijalizacije vise upucena na detaljno proucavanje pojedinih Zivot-
nih funkcija, ili na analizu pojedinacanih efekata spoljasnje sredine na odredeni
fizioloski proces, te ona, obi¢no, ne obuhvata biljku kao celinu. Ekologija biljaka,
naprotiv, polazi od toga da biljka predstavlja jedinstven organizam i da promene
faktora sredine uti¢u na reakciju biljke u celini, ali, pri tome, najveéu paZznju poklanja
prilikama na stani$tu, kao i prostornim i vremenskim cenoti¢kim odnosima izmedu
biljaka u okviru biljnih zajednica. Stoga, fizioloska ekologija biljaka predstavlja nov
naucni pristup. u okviru koga se, po pravilu, proucavaju Zivotni procesi biljke kao
jedinstvenog organizma, na sldmstu u promcnl]mm uslovima spolja$nje sredine, a ne
u kontrolisanim uslovima u laboratoriji. Na staniStu dduyc kompleks faktora spoljainje
sredine koji uticu ne samo na pojedine funkcije, vec biljka na njih reaguje kao celina.
Najc¢eSée promene intenziteta i kvaliteta delovanja jednog faktora povlace za sobom
promene drugih. [spitivanje uticaja pojedina¢nih faktora, u prirodnim uslovima, dosta
je tesko, te je stoga u ekofizioloskim prouavanjima Cesto potrebno paralelno, dopun-
sko. korektivno pracenje odredenih fiziologkih procesa biljaka u kontrolisanim us-
lovima. Pri tome, valja imati u vidu da biljke u prirodi nikad ne Zive izolovano, ve¢ u
odredenim kompetitivnim odnosima u okviru odgovarajuéih biljnih zajednica 1 eko-
sistema u celini.

Fizioloska ekologija biljaka, medutim, podrazumeva istraZivanja na razli¢itim
nivoima organizacije biljnih sistema. Ona se, samo uslovno, iz prakti¢nih razloga, mogu
razdvojiti na ekofizioloska proucavanja na subéelijskom i ¢elijskom nivou, na nivou
organizama (ili pojedinih organa), kao i na proucavanja na ceno-populacijskom od-
nosno cenotickomnivou(Walter, 1982;Biebl, 1962;Kreeb, 1974;Larcher,
1978; Levit, 1972; i drugi).

Proucavanja na subéelijskom i ¢elijskom nivou do sada su, kod nas, malo prime-
njivana u rutinskim ekofiziolo$kim eksperimentima. Ovaj nivo istraZivanja vie je vezan
za laboratoriju i omogucava komparativna objas$njenja rezultata ekofiziolo3kih
proucavanja na terenu. Bitna pitanja fizioloSke ckologije biljaka istraZivana su i
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analizirana, pre svega, na nivou organizama, kao i na conotickom ili ekosistemskom
nivou. Po svojoj sveobuhvatnosti, a samim tim i znacaju za razumevanje ekoloskih
problema u prirodi, istraZivanja u okviru ekosistema predstavljaju suStinska, najbitnija
nauina traganja u fizioloskoj ekologiji biljaka.

Koji su glavni pravci, osnovni segmenti, bitni parametri ekofiziologkih is-
traZivanja biliaka‘7 Za funkcionisanie ekosistema, za opstanak Zivog sveta — organska
produkcija u sustini ima najveciznacaj. Otuda, jedan od osnovnih trendova u fleolosl\m
ckologiji biljaka je usmeren u praveu refavanja onih ekofizioloskih problema od kojih
direktno ili indirektno zavisi produkcioni proces, odnosno primarna organska produk-
cija.

Fotosinteza odnosno fotosintetski rezim (pojam pod kojim Walter podrazumeva
sve elemente fotosintetskog procesa, kao i fizioloske, biohemijske i ostale ¢inioce od
kojih zavisi fotosintetska aktivnost biljaka) nalazi se u sredi§tu ekofizioloSkih
proucavanja. Interesantan problem, sa ekoloskog aspekta, predstavlja, pre svega,
produktivnost fotosinteze i intenzitet fotosinteze. Kao parametri ekofizioloskih razma-
tranja u tesnoj vezi sa problemima fotosinteze su i intenzitet disanja (od ¢ega zavisi
konacni saldo organske produkcije), kompenzaciona tacka, i dr. Organska produkcija
biljaka i biljnog pokrivaca u celini, kao konacna rezultanta svih elemenata fotosintet-
skog rezima, kao i svih ostalih relevantnih fiziolo$kih i drugih pokazatelja, u funkeiji
konkretnih ekoloskih prilika, ¢esto se, u ekologiji, na kraju analizira kompleksno da bi
se sagledala konkretna veli¢ina, dinamika ili kvalitet biomase odredenog ekosistema.

Jedan od vaZznih zadataka fizioloSke ekologije biljaka je da utvrdi pod kojim se
uslovima vr8i proces fotosinteze, glavni &inilac organske produkcije biljaka. Osnovni
spoljasnji faktori koji uti¢u na fotosintezu su koncentracija ugljen-dioksida u vazduhu
i svetlosni uslovi. Promenom ova dva faktora nastaju variranja u intenzitetu fotosinteze.
Razlicite biljne viste ne reaguju na isti nadin, te je bilo potrebno da se pronade neko
merilo koje ¢e ukazati na diferencijalno ponaanje biljaka u promenljivim uslovima
sredine. U vezi s tim, fizioloska ekologija biljaka bavi se odredivanjem tzv. kompen-
zacione tacke. Postoje dve kategorije ovog parametra: kompenzaciona tacka svetlosti
i kompenzaciona tacka COy, a njihovim ispitivanjem bavio se veliki broj autora
(Llieth, 1958, 1960; Pavletié, Lieth, 1958; Regula, Pavleti¢, 196§;
Semihatova, 1988 idrugi). U nasol LCIn]]] ovim istraZivanjima na velikom br oju
biljaka iz razlicitih ekosisterma paZnju su posvetili narocito Koji¢, Jankovic¢ i njihovi
saradnici(Jankovié, Kojic, 1969;Kojié, 1968;Koji¢ etal., 1974,1989, 1990,
1992, 1995).

Jedno od najistaknutijih mesta u programima istrazivanja u okviru fizioloSke
ekologije biljaka zauzima vodni reZim s obzirom na krucijalni znacaj vode za Zivotne
procese biljaka. Najcesée se, do danas$njih dana, za karakterizaciju vodnog reZima
Koristila analiza Cetiri parametra: hidrature, potencijala vode, hidratacije i intenziteta
transpiracije. ViSe od pola veka, od 1931. godine, kada se pojavilo Cuveno delo
Hajniriha Valtera o fiziolo§ko-ekolofkom znacaju hidrature (Walter, 1931), jedno
od centralnih mesta u ekofiziolo$kim proucavanjima zauzimao je problem hidraturnih
odnosa tkiva, odredivan na osnovu osmotskih vrednosti éelijskog soka biljaka. U tom
smishu dobi]’cm' su broini i7na€dini rezultati kako u inostranstvu tako i u nasoj zemlji,
o Cemu je mnogo pisano i u svetu i kod nas. Na osnovu brojnih podataka o dnevnim i
sezonskim kolebanjima i maksimalnom opsegu promena osmolsl\og pritiska celijskog
soka ekologki razlicitih biljaka nadinjeni su ,,osmotski spektri” odredenih ekoloskih
grupa biljaka, kao $to su livadske, listopadne drvenaste, tvrdolisne, mediteranske,
Cetinarske vrste, korovske, gajene i druge biljke (Walter, 1960).
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Medutim, poslednjih godina opada interes za istraZivanja hidraturnog aspekta
vodnog rezima biljaka, a sve viSe dobija na znacaju izucavanje potencijala vode ili
ukupnog vodnog potencijala (V). Ukupni vodni potencijal, kao relevantni pokazatelj
vodnog bilansa neke biljke, ukljutuje osmotski potencijal, potencijal turgora i potenci-
jal matriksa.

Brojni autorisu (Slatyer & Taylor, 1960; Slatyer, 1967, Kremer,
1960; Walter & Kreeb, 1970; Oertli, 1971; Levitt, 1972) detaljno i kriticki
objadnjavali koncept i teorijsku osnovu vodnog potencijala kao najadekvatnije mere
stanja vode u biljci. Termodinamicki vodni potencijal (‘W) je, prema definiciji Slejéera
iTejlora(Slatyer & Teylor, 1960), jednak razlici u slobodnoj energiji po jedinici
zapremine izmedu vode koja je u bioloskom sistemu vezana, odnosno pod pritiskom
(matrickim, hidrostatickim i osmotskim) i Ciste, slobodne vode na atmosterskom
smanjen u odnosu na hemijski potencijal Ciste vode delovanjem razlicitih sila (vezivanje
vode za makromolekule silama adsorbcije, vezivanje vode za rastvorene organske
supstance osmotskim silama, vezivanja silom kapilarnosti ili silom gravitacije), ¢ime je
oslabljena sposobnost takve vode da u datom sistemu obavi rad. Apsolutna vrednost
hemijskog potencijala nije koristan pokazatelj, veé je znaajno termodinamicko stanje
vode ubilo kojoj tacki sistema izraZzeno kao razlika izmedu njenog trenutnog hemijskog
potencijala i potencijala Ciste vode. Prema tome, vodni status biljke najkorektnije se
moze odrediti uporedivanjem stanja vode u ¢eliji sa stanjem &iste vode, pri ¢emu se
razlika izrazava kao potencijalna energija vode. Ova energija vode koristi se kao
hidroelektri¢ni potencijal i kao hemijski potencijal za biohemijske (u biljkama) i
hemijske (u zemljiStu) procese. Na osnovu ovih procesa ostvaruje se primarna produk-
cija biljaka i ukupnog biljnog pokrivaca. Sa ovog aspekta posmatrano, za bilo koju tacku
kontinuum-sistema ,zemljiSte-biljka-vazduh”, znacajno je termodinamitko stanje
vode, odnosno njena slobodna energija ili potencijal da izvisi rad, a ne trenutna ukupna
koli¢ina vode u biljci. Veli¢ina slobodne energije ili hemijski potencijal vode u nekom
delu sistema odreduje se koli¢inom energije na jedinicu mase ili zapremine $to je
ckvivalentno J - kg'!, $to se faktorom konverzije moZe izraziti u barima (ranije atmos-
ferama), odnosno MPa.

Komponente vodnog reZima zemlji$ta su gravitaciona voda koja se posle pada-
vina postepeno spusta u dublje slojeve zemljista pod dejstvom sile zcmﬂ'ine teze, i
kapilarna voda koja zaostaje posle oticanja gravitacione vode (poljski kapacitet zem-
liista). Na osnovu kapilarne vode, na razli¢ite nadine, odredenim silama vezane vode,
formira se vodni potencijal zemlji§ta. Nasuprot tome, vodni potencijal vazduha je u
dircktnoj zavisnosti od relativne vlaZnosti vazduha.

Vodni potencijal biljne Celije ima dve osnovne komponente: a) osmotski poten-
cijal i b) potencijal turgora. Osmotski potencijal potite od osmotski aktivnih jedinjenja
u Celijskom soku (Seceri, organske kiseline, joni) koja osmotskim silama smanjuje
hemijski potencijal vode (ove osmotski aktivne materije u éelijksom soku, u ranijoj
interpretaciji, odredivale su veli¢inu hidrature biljaka). Bez obzira na ¢injenicu da se
vadni potencijal danas koristi kao osnovni parametar vodnog reZima, postoje i izvesne
kriticke primedbe na njegov apsolutni znadaj (Zimmermann, 1978; Kramer,
1988 i drugi), zbog Cega neki istraZivaci (Passioura etal, 1988, Schulze et al,
1988 i drugi) predlazu nove eksperimentalne pristupe i teorijska obja$njenja vodnih
odnosa biljaka.

Pored pomenutih najbitnijih elemenata vodnog reZima biljaka postoji izvestan
interes u ekofiziolo$kim istraZivanjima i za neke druge karakteristike vode u éeliji
(vododrzZeca sposobnost, frakcioni sastav vode, vodni deficit i dr.).
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Poseban znacaj ima kompleksno proucavanje i analiza vodnog reZima biljaka u
vezi sa otpornoféu i moguénostima prilagodavanja na izuzetno nepovoljne, odnosno
ekstremmne uslove spoljasnje sredine (susa, zaslanjcnosl zemljiSta, mrazisl.). FizioloSka
ckologija biljaka u uslovima stresa, odnosno, proucavanje fiziologkih i biohemijskih
reakelja na ckstremne, stresne uslove poslednjlh ducmja je u ZiZi interesovanja kako
bljnih ekologa, tako i htoﬁ/lologa u svetuy, a i u najoj zemlji.

U naSoj zemlji istraZivani su, s jedne strane, odredeni ekofizioloSki problemi na
vedem broju ekoloski razlicitih biljaka (Zivotnih formi), dok je, s druge strane, vedi broj
problema (kompenzaciona tacka, vodni rezim, produkcija) proucavan na istoj biljci u
okviru idiockologkih studija. Uopstcno gledano, istraZivanja ekofiziolo3kih parametara
sistematiéno su obuhvatila veliki broj vrsta — cenobionata karakteristicnih biljnih
zajednica razlicitih podrulid naSe zemlje. Na osnovu svega toga, sumirajuci sva
dosadasnja istraZivanja i drzeci se ckosistemskog principa, ekofizioloski problemi se
danas mogu kompleksno razmatrati i mogu se dati ekofizioloske karakteristike glavnih
terestri¢nih ekosistema Srbije.

Posle Drugog svetskog rata viSe na$ih naucnih institucija, a posebno Institut za
bioloka istraZivanja ,.Sini§a Stankovi¢” uz stru¢njake iz drugih paucnih ustanova,
Instituta za botaniku Biolo$kog odseka PMF, odnosno Bioloskog fakulteta, Katedre za
botaniku Poljoprivrednog fakulteta, Veterinarskog fakulteta, sa Bioloskog odseka
PMF-a iz Pristine, organizovano su obavljala ekofizioloska proucavanja na razlicitim
lokalitetima Sirom Srbije i cele Jugoslavije u okviru razlititih ekosistema. I danas se

takva istraZivanja nastavljaju u tri snaZna centra: Odeljenju za fizioloSku i biohemijsku
ekologiju biljaka Instituta za biolo$ka istraZivanja ,,SiniSa Stankovi¢”, Institutu za
botaniku i botanickoj basti , Jevremovac” Biologkog, fakulteta u Beogradu i Katedri za
botaniku Poljoprivrednog fakulteta u Zemunu. Medutim, valja ista¢i da su posebni
ekofiziolodki problemi u sferi interesovanja istraZivata u okviru institucija kao $to su
Institut za kukuruz ,,Zemun polje”, Institut za ratarstvo i povrtarstvo u Novom Sadu,
Katedra za botaniku Farmaceutskog fakulteta u Beogradu, Bioloski odsek Prirodno-
matematickog fakulteta u Pristini.

EKOFIZIOLOSKA PROUCAVANIJA BILJAKA - CENOBIONATA
ODREDENIH EKOSISTEMA.

I)ug,og,odiSnid praksa istraZivanja u oblasti fizioloSke ckologije biljaka
sprovedena Je, pre svega u okviru najstarije (aktivne prd\O tri decenije) 1 najmasovnije
Beogradske ekofiziologke skole. Glavni rezultati proucavanja ekofmolmklh probiema
(lobuc,m su pradenjem velikog broja biljaka cenobionata glavnih terestri¢nih ek-
osistema nage zemlje, kao $to su: (a) Sumski ekosistemi, (b) hvadskl pasnjackiistepski
ekosistemi, (¢} agroekosistemi i (d) ubrani ekosistemi.

UopSte uzev, u nasoj zemlji je osnovna paZnja posvecena ekofizioloskim
proucavanjima biljaka v okviru Sumarskih ekosisterna. U raznovrsnim $umskim zajed-
nicama, na Fruskoj gori, Avali, Proklctl}ama Sari, Jastrepcu, Maljunu Ceru i drugim
mestima, ekofizioloSkim proucavanjima obuhvadene su sve Zivotne forme biljaka
sumskih fitocenoza (drveée, Zbunovi, zeljaste biljke), kao i stelja.

U fitocenozama zeljastih biljaka izvodena su relativino opseZna ekofizioloSka
istraZivanja, Koja su se prevenstveno odnosila na cenobionte livadsko-stepske vege-
tacije, zatim na reliktne i endemicne vrste, kao i na druge kategorije posebno intere-
santnih biljaka (poikilohidri¢ne vaskularne biljke, halofite, lekovite biljke i druge).
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Nazalost, mora se konstatovati da su relativno malo proucene biljke iz livadskih
ckosistema, Siroko rasprostranjene od nizijskih do planinskih regiona, od izrazito
vlaznih do veoma kserotermnih stanista.

Ekofizioloska proucavanja u okviru agrarnih ekosistema imaju dugu tradiciju, s
obzirom na potrebe unapredivanja poljoprivredne prakse (pravovremeno i adekvatno
zalivanje. dodavanje mineralnih dubriva, itd.). Objekti raznovrsnih ekofizioloskih e¢k-
sperimenata su cenobionti agrofitocenoza, kako gajene biljke, tako i korovi. Doduse,
ncki eksperimenti sa biljkama iz agrofitocenoza, strogo uzevsi, nemaju pravo ekofi-
ziolosko obeleZje, jer se odnose, pre svega, na analizu uticaja razli¢itih agrotehni¢kih i
hemijskih mera na visinu i kvalitet prinosa gajenih biljaka i potiskivanje korovskih vrsta.

Najcesce su, u okviru ckosistema nase zemlje, prucavani slededi ekofizioloski
problemi na osnovu analize pojedinacnih parametara relevantnih za monitoring fi-
zioloskih procesa u uslovima spolja$nje sredine:

— vodni rezim (hidratura, intenzitet transpiracije, vodni potencijal, ukupni
sadrzaj vode, vodni deficit),

- fotosinteza (intenzitet fotosinteze, fotosintetski reZim, koli¢ina i dinamika
hlorofila),

—disanje (uzajamno dejstvo sa faktorima spoljasnje sredine),

- kompenzaciona tacka (uglavnom kompenzaciona tacka svetlosti, retko kom-
penzaciona tacka ugljendioksida),

~ organska produkcija (bruto i neto primarna produkcija, odnos biomase nad-
zemnih i podzemnih delova biljke).

Vodni rezim

Kao 3to je vec istaknuto, vodni rezim predstavlja centralni problem fizioloske
ckologije biljaka, s obzirom da fiziolo3ki procesi zavise od vodnih odnosa ili vodnog
stanja Celija, tkiva, organa, tacnije, biljnog organizma u celini. Stoga se, takoredi
nezaobilazno, ekofizioloska istraZivanja odnose na analizu ukupnih ili pojedina¢nih
procesa vodnog rezima biljaka.

Sumski ekosisterni. - Razlititi parametri vodnog rcZima, ispitivani su, poje-
dinacno ili kompleksno, kod velikog broja vrsta drveca, Zbunastih, poluzbunastih i
zeljastih biljaka u okviru 11 Sumskih zajednica iz razli¢itih visinskih pojaseva i sa
razli¢itih lokaliteta naSe zemlje (Avala, Fruska gora, Cer, Maljen, Jastrebac, Sar
planina, Prokletije).

Medu ispitivanim Sumskim zajednicama posebno je znacajna asocijacija Quer-
cetum fraineito-cerris Rudski, koja u termofilnom brdskom podrudju predstalvja klima-
togenu zajednicu. Ispitivanja vodnog reZima najzastupljenijih i u cenotickom smislu
najvaznijih vrsta u ovoj $umskoj fitocenozi sprovodena su na razli¢itim lokalitetima od
stranc veceg broja autora (Jankovié etal, 1967, Koji¢ & Jankovic, 1967;
PejCinovic et al, 1984; Gligorijevié et al, 1984; Popovié et al, 1986 i
drugi). Posebno je znacajno da je, na osnovu brojnih pojedina¢nih ispitivanja osmotskih
vrednosti Celijskog soka biljnih vrsta, prvi put u najoj zemlji, za ovu asocijaciju izraden
osmotski spektar Kao sintetski pokazatelj hidrature, odnosno vodnog reZima jedne
Sumske zajednice (Koji¢ & Jankovié, 1967). Utvrdeno je da Quercus frainetto,
hrast kseroterminijeg karaktera, jedan od edifikatora ove asocijacije, intenzivno tran-
spiri§e, sa znalajnim variranjima srednjih dnevnih vrednosti (1,48 do 7,43 mg/g/min).
Kod ovog hrasta ustanovljena je relativno mala koli¢ina vode u listovima (57 do 67%)

’
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§1o je pradeno velikim variranjem osmotskog pritiska celijskogsoka (12-43 bara). Druga
edifikatorska vrsta hrasta, Quercus petraea, mezofilnog karaktera, odlikuje se nizim
intenzitetom transpiracije (apsolutni maksimum je oko 8§ mg/g/min) i slicnim vred-
nostima drugih parametara vodnog reZima (koli¢ina vode, osmotski pritisak ¢elijskog
soka) kao kod vrste Quercus frainetio.

Brdska $uma hrasta kitnjaka — asocijacija Quercetum montanum G ‘ernj. et Jov.u
ekolo$kom smislu ima prelazni karakter izmedu kserotermofilnih hrastovih $uma’i
mezofilnih bukovih $uma. U raznim sastojinama ove zajednice posebna paZnja je
posveéena proucavanju vodnog reZima hrasta kitnjaka (Quercus pefraea). Vaino je
konstatovati da se u ovoj zajednici hrast Kitnjak odlikuje vecim intenzitetom transpi-
racije (srednje vrednosti se krecu od 2,59 do 8,19 mg/g/min) nego u asocijaciji Quer-
cetumn frainetto-cerris. Ceste vrste u klln]akovxm Sumama su Tilia argentea i Crataegus
monogyna koje se karakteri$u intenzivnom transpiracijom (dnevni maksimum cak do
24,09 mg/g/nnn) kao i Carpinus betulus, Koji se, kako su istraZivanja pokazala, odlikuje
niskim intenzitetom transpiracije (maksimum oko 10 mg/g/min), umerenom koli¢inom
vode u listovima (53-70%) i visokim vrednostima osmotskog pritiska (11 do 45 bara)
(Popovié, 1991).

U hrastovim Sumama paZnja je posvecena i proucavanju vodnog reZima zeljastih
biljaka, posebno trava (Poaceae), pri Cemu je utvrdeno da postoje velike interspecijske
razlike 1 $iroke adaptivne moguénosti pojedinih biljaka iz ove familije u odrzavanju
pozitivnog vodnog balansa u promenljivim uslovima razlicitih $umskih zajednica
(Dimitrijevic, 1984).

U hrastovo-grabovim $umama (as. Querco-Carpinetum sensu lafo) proucavan je
vodni rezim veéeg broja zeljastih 1 drvenastih vrsta. U prizemnom spratu zeljastih
biljaka, proucavanja vodnog rezima obuhvatila su $iroko zastupljene vrste Melica
uniflora, Stellaria holostea i Mercurialis perennis. Posebno se Melica uniflora odlikuje
intenzivnom transpiracijom (sa dnevnim maksimumom do 30,5 mg/g/min), velikim
variranjem koli¢ine vode u listovima (18 do 86%) i znatnim kolebanjima osmotskih
vrednosti éelijskog soka (10 do 37 bara). Stellaria holostea spada u kseromezofite Ciji
vodni reZim varira u zavisnosti od tipa Suma. U &istoj hrastovoj $umi intenzitet transpi-
racije (dnevni maksimum preko 18 mg/g/min) i osmotski pritisak su veci (6 do 27 bara)
nego u hrastovo-grabovoj Sumi, u kojoj se ova vrsta odlikuje izuzetno velikomkolicinom
vode (Cak ido 90%). Mercurialis perennis u hrastovo-grabovoj Sumi umereno transpiriSe
(maksimalno do 12,60 mg/g/min), sadrZi veliku koli¢inu vode u listovima (70-809%), dok
je osmotskipritisak Celijskog soka u granicama karakteristi¢nimza veéinu zeljastih vrsta
listopadnih Suma umerenih predela (10 do 19 bara) (Popovi¢, 1973, 1991, 1993).

Sume tipa Querco-Carpinetum Cesto se u Srbiji nalaze i u pojasu kitnjakovih,
odnosno sladunovih $uma, na mestima koja su usled lokalnih orografskih prilika
viaznijaitermi¢kiumerenija{(J ankovic etal, 1984). Hrastkitnjak (ler(,n.spelrnea)
u ovim uslovima, kako su istrazivanja pokazala, odlikuje se umerenim intenzitetom
transpiracije (maksimalna vrednost 1iznosi 12,5 mg/g/min), niZim nego u Cistoj kitnja-
kovoj Sumi.

Sume tipa Fagetum montanum sensu lato nalaze se iznad pojasa hrastovih $uma,
a njima se u izvesnoj meri pridruzuju i Sume bukve i jele (as. Abieto-Fagefum). Bukva
(Fagus silvatica), dominantna vrsta ovih zajednica, odlikuje se ujednacenim i
uravnotezenim vodnim rezimom, koji se karakteri$e niskim intenzitetom transpiracijc
(dnevni maksimum ne prelazi vrednosti od 6 mg/g/min), umerenom kolicinom vode u
listovima (53-73%), kao i osrednjim vrednostima osmotskog pritiska celijskog soka u
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listovima (8 do 21 bara). Cetinarska vrsta, jela (4bies alba) ima jo§ niZe vrednosti
intenziteta transpiracije (maksimum do 3,45 mg/g/min), manju koli¢inu vode u &eti-
nama (svega 50-60%), ali vece osmotske vrednosti celijskog soka (12 do 26 bara) u
odnosu na listopadne bukve (Popovié etal, 1988).

Poseban istraZivacki interes sa ekofizioloSkog aspekta predstavljale su efe-
meroide. Ove biljke umerenog klimata, Cija se vegetacija odvija u relativno kratkom
proleénom periodu ¢ine posebnu ekolosku grupu. One izgraduju ranoproleénu sinuziju
u Sumskim fitocenozama. Ispitivanja osnovnih parametera vodnog reZzima efemeroida
u hrastovo-grabovoj (as Querco-Carpinetum serbicurn Rudski) 1 bukovoj Sumi (as.
Fagetum montamun Jov.) na Jastrepcu i Maljenu pokazala su da ove biljke intenzivno
transpiri§u, da imaju visoku i stabilnu koli¢inu vode u listovima i visok nivo hidrature
tkiva lista (Jankovié, 1971; Popovié, 1973). U hrastovim Sumama efemeroide
su relativno intenzivno transpirisale (srednje dnevne vrednosti su bile od 2,2 do 17,6
mg/g/min, sa maksimalnom vredno$éu od 22,24 mg/g/min). Snazna transpiracija efe-
meroida i izrazite dnevne varijacije ovog parametra vodnog rezZima objadnjavaju se
intenzivnom svetlo§éu (drveée u Sumi jo§ nije olistalo), obiljem vlage i povoljnom
temperaturom na staniSu, pa, prema tome, i stanjem stoma koje su, u datim op3tim
uslovima, §iroko otvorene od ranih jutarnjih ¢asova tokom celog dana (Be tke etal,
1965). Koli¢ina vode u listovima efemeroida bila je veéa nego kod drugih ekologkih
grupa biljaka i kretala se od 78 do 89%. Posebno visok sadrZaj vode konstatovan je kod
vrste Corydalis solida, Scilla bifolia i Ranunculus ficaria na Fruskoj gori (oko 93%).
Osmotski pritisak Celijskog soka efemeroida sliCan je onom kod mezofita koje Zive na
stani§tima dobro snabdevenimvodom (M atuskiewicz etal, 1953; Pisck, 1956;
Gessner, 1956; Walter, 1968), sa vrednostima, najcesce, oko/do 10 bara.

U visokoplaninskoj zajednici Pinetum heldreichii-Seslerietum autumnalis M. Jank.
et R. Bog, na Osljaku (Sarplanina), na visini od oko 1600 m.n.v. praéena je dinamika
vodnog reZima drvenastih i Zbunastih vrsta Pinus heldreichii, Juniperus intermedia,
Vaccinium myrtillus, kao i zeljastih biljaka Luzula huzulina, Brachypodium silvaticum,
Euphorbia amygdaloides, Sesleria autumnalis i Scabiosa columbaria. Medu ispitivanim
biljkama Pinus heldreichii i Juniperus intermedia su se odlikovali niskim intenzitetom
transpiracije, malom koli¢inom vode u listovima, umerenim osmotskim pritiskom i
malim kolebanjima bilokojeg parametra vodnog reZima. Nasuprot njima, druge drve-
naste, kao i zeljaste biljke ove zajednice ispoljavale su viSe ili manje labilan vodni rezim,
zavisno da li su pripadale grupi sa intenzivnim ili umerenim vrednostima transpiracije,
kolicine vode u listovima i osmotskog pritiska éelijskog soka (Jankovic etal,, 1975).
UopSte uzev, u ekofizioloskim ispitivanjima visokoplaninske $umske vegetacije pose-
bna paZnja je bila usmerena na istraZivanja funkcionisanja na stani§tu endemoreliktnih
borova Pinus heldreichii i P. peuce od strane Jankovica i saradnika. Proucavanju vodnog
reZima ovih borova na Sarplanini i Prokletijama u okviru zajednica Pinetumn heldreichii-
Seslerietum autumnalis M. Jank. et R. Bog., Pinetumn peucis typicum M. Jank., Wulfenio-
Pinetum peucis Blecic et Tati¢ i Ajugo-Pinetum peucis M. Jank. et R. Bog. Jankovi¢
etal. 1987). Oba endemo-reliktna bora odlikovala su se stenohidri¢nim tipom vodnog
balansa, veoma slabom transpiracijom (kod munike prose¢no 0,898 mg/g/min, a kod
molike 2,547 mg/g/min), malom koli¢inom vode u listovima (55-60%), kao i umerenim
vrednostima osmotskog pritiska (kod munike oko 20 bara, a kod molike oko 15 bara).

Livadski i drugi ekosistemi zeljastih biljaka. — Prema rezultatima brojnih is-
trazivaca, medu zeljastim biljkama koje nastanjuju livadske, livado-stepske ekosisteme
i razlicita staniSta na kamenjarima, u na$oj zemlji, postoje sve vrste prelaznih ekofi-
ziologkih tipova u odnosu na vodni reZim - od izrazito hidrostabilnih do ekstremno
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hidrolabilnih biljaka. Najbrojnije medu njima su brojne vrste iz familije trava i razlidite
dikotiledone zeljaste biljke svih prelaznih ekolo§kih grupa od kserofita, preko mezofita
do higrofita.

Trave se uspe$no razvijaju na ekoloski veoma razli¢itim stani§tima, od vlaznih do
vrlo suvih, stepskih. S obzirom na to one ispoljavaju zna¢ajnu funkcionalnu
raznovrstnost u odgovoru na vodni reZim stani§ta. U umerenim klimatskim uslovima,
gde je uglavnom dobra snabdevenost vodom, kako su rezultati istraZivanja pokazali,
trave (Festuca montana, F. drymeia, Melica uniflora, Dactylis glomerata, Poa nemoralis,
Brachypodium silvaticum) odlikuju se relativno velikom koli¢inom vode u listovima
(maksimum 75 do 82%), transpiracijom obi¢no umerenog intenziteta, povecanom u
ranim jutarnjim Casovima, a smanjenom tokom podnevnih su$nih uslova (sa vred-
nostima koje variraju od 2,0 do 30,0 mg/g/min). KarakteriSu se i velikim dijapazonom
promena osmotskih vrednosti celijskog soka, koje su esto dosta visoke (6 do30 bara).
Dakle, sve graminoidne vrste umerenih predela su viSe ili manje hidrolabilne. S druge
strane, trave stepskih livada i stepsko-pe$Carskih zajednica tipa Chrysopogonetum
pannonicum L. Stjep.-Ves., Festucetum vaginatae L. Stjep.-Ves., Andropogoneto-
Luphorbietum pannonicae R. Bog. (Stipa joannis, S. capillata, Festuca valesiaca, F.
pseudovina, I. vaginata, Koeleria glauca, K. gracilis, Chrysopogon gryllus) su hidrosta-
bilne. Ove kserofitne trave imaju redukovanu, nisku i ujednacenu tranpsiraciju (Sesto
imaju stalno ili povremeno uvijene listove). Osmotske vrednosti éelijskog soka najéeéée
variraju izmedu 15 i 35 (ponekad &ak i do 49) bara, $to ukazuje na njihov poseban
konstitucionalni ekoloski tip biljaka — stipakserofite (Stjepanovié-Veselicié,
1959;Jankovic etal,,1979;Stevanovié, 1980;BlaZzencié, 1982; Dimitri-
jevidé, 1984).

U livadskim i livadsko-stepskim zajednicama dominantni cenobionti su, pored
trava, brojne zeljaste cvetnice vrlo razlicitih ekofiziolo$kih karakteristika. Na relativno
suSnim i osuncanim stani§tima posebno se isti¢u biljke sa dobro razvijenim korenovim
sistemom, koje se lako snabdevaju vodom, tako da bez ogranicenja transpiriu, sadrze
znatnu kolicinu vode, a imaju umereno visoke osmotske vrednosti éelij jskog soka. Ove
biljke pripadaju, s obzirom na svoje strukturno-funkcionalne odlike, malakofilnim
kserofitama, sa dobro izrazenim periferijskim za$titama (dlake, kutlkulﬂ, uvulene
stome), i dobro razvijenim dubokim korenovim sistemom, pomo¢u koga se snabdevaju
vodom sa vecih dubina. Medu njima treba pomenuti: Astragalius onobrychis (transpi-
racija 0,4-37,5 mg/g/min, koli¢ina vode u listovima 69-86%, osmotski pritisak 10-33
bara), Astragalus dasyanthus (transpiracija 2,7 do 46,5 mg/g/min, koli¢ina vode 70-78%,
osmotske vrednosti 12-22 bara) i Echinops banaticus (osmotski pritisak ¢elijskog soka
13-25 bara) i druge. Ove biljke, najce$ée sa anizohidri¢nim karakteristikama vodnog
balansa, obi¢no lako prolaze kroz period suSe na stani§tu (Deliblatska pescara), a u
najekstremnijim uslovima, tokom godine, ne trpe veéi deficit vode u tkivima {(Stje -
panovi¢-Veselicié, 1959;Stevanovié, 1980).

U livadskim ekosistemima ili na otvorenim prostorima degradiranih Sumskih
zajednica ispitivan je vodni reZim brojnih zeljastih vista koje se odlikuju tipi¢nim
mezofitnim strukturno-funkcionalnim odlikama (Stellaria holostea, Trifolium mon-
tanum, Coronilla varia, Ortaya grandifiore) ili karakteristikama na osnovu kojih se mogu
svistati u prelazne ekoloske grupe od mezofita ka kserofitama (Fragaria vesca,
Peucedanum oreoselinum, Laserpitium sifer, Euphorbia gerardiana i dr.). U uslovima
dobre snabdevenosti vodom ove biljke, poput mezofita, kao pripadnici prelazne grupe
kseromezofita, transpiri§u bez ogranitenja u skladu sa mikroklimatskim promenama
(srednje dnevne vrednosti intenziteta transpiracije su obi¢no izmedu 1,0-17,0, a
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ponekad ¢ak i 26,0 mg/g/min). Koli¢ina vode u listovima je najéesce oko 65-85%. Ovaj
strukturno-funkcionalni tip biljaka odlikuje se osmotskim vrednosima koje s¢ najcesce
krecu izmedu 101 20 bara, a kod kseromezofita ¢akido 40 bara (Stjepanovid
et al., 1968' Matijasevidc, 1969; Jankovié, 1971; Pavlovic et al, 197§;
Blazend ¢, 1982;idr.).

Proleéne geofite stepskih livada (Adonis vernalis, Paeonia tenufolia, Pulsatilla
vulgaris, Iris pumila) i temrofilnih Suma i kamenjara (Paeonia corralina, Asphodeline
liburnica), u ekoloskom pogledu su uglavnom heliofite do poluskiofite, sa tendencijom
odrzavanja hidrostabilnih vodnih odnosa. Mnoge od ovih biljaka su kserotermni relikti.
Odlikuju se znatnom koli¢inom vode u listovima (najcesée 65-75%), umerenom, ali
relativno ujednadenom transpiracijom (proseéno oko 10,0 mg/g/min), kao i relativno
visokim osmotskim vrednostima, koje, takode, malo variraju tokom dana (13 do 20
bara) (Stevanovic, 1980; Popovic etal, 1983; Dordevié etal., 1992).

U razli¢itim tipovima livadskih zajednica izucavan je vodni reZim veceg broja
jednogodi$njih i viegodiSnjih lekovitih biljaka, s obzirom na znacaj i vezu vodnih
odnosa ovih biljaka i njihovih farmakoloskih stojstava. Pojedine lekovite biljke, kao Sto
su Mentha piperita li Plantago major, sa osmotskim vrednostima izmedu 9 i 16 bara,
uglavnom naseljavaju stanista sa relativno povoljnimvodnim rezimom. Druge, pak, kao
§to su Teucrium montanum, Salvia officinalis ili Thymus glabrescens, naseljavaju cesto i
staniSta sa deficitom vlaZnosti, alise odlikuju malim dnevnim amplitudama parametara
vodnog reZima i osmotskim vrednostima karakteristiCnim za kserofite (10 do 24 bara)
(Corovié etal, 1968; Zivanovié, 1977;Paviovié etal, 1978; i dr.).

Izuzetno veliki znacaj imaju ckofizioloska proucavanja endemicnih i reliktnih
biljaka, kojima obiluje na$a zemlja (Stevanovié, 1990). Ove biljke obi¢no
naseljavaju zaklonjena mesta, klisure i kanjone, kamenita krecnjacka i serpentinska
staniSta, na razli¢itim nadmorskim visinama. Dosadasnja ckotiziolo§ka proucavanja
obuhvatila su relativno mali broj zeljastih endemicnih ili reliktnih biljaka. Kompleksna
istrazivanja obavljena su samo na kserotermnim reliktima panonske nizije (Adonis
vernalis, Paconia tenuifolia, Pulsatilla vulgaris, Iris pumila, Astragalus dasyanthus), kao i
na mediteranskim reliktima koji nastanjuju kontinentalne predele (Paconia corralina,
Asphodeline liburnica), kao 1 endemoreliktnim vrstama roda Ramonda
(Stevanovié, 1989). Viste Ramonda serbica i Ramonda nathaliae odlikuju se
izrazito hidrostabilnim vodnim reZimom, transpiracijom slabog intenziteta (1,1-9,3
mg/g/min), umernom do zna¢ajnom koli¢inom vode u listovima (68 do 79%), kao i
niskimvrednostima osmotskog pritiska (6 do 18 bara), ustanju pune hidratacije listova.
Pored pomenutih biljaka, parcijalno (samo neki parametri i sporadi¢no) proucavan je
vodni reZim kod izvesnog broja zeljastih endemiCnih ili endemoreliktnih biljaka
kre¢njackih i serpentinitskih terena.

Dosada$njim ispitivanjima vodnog reZima jednogodinjih i visegodi$njih zeljastih
biljaka malo su obuhvadene vrste planinskih, brdskih i dolinskih livada, kao i vrste
drugih primarnih ili u manjoj meri antropogeno izmenjenih zeljastih zajednica. U tom
pogledu znacajni rezultati dobijeni su u poslednje vreme u ispitvanju vodnog reZima
(transpiracija i osmotske vrednosti Celijskog soka) vaznijih i karakteristiénih vrsta
brdsko-planinskih livadskih zajednica Rudnjanske visoravni i RadoCela (Koji¢ etal,
1992). Ispitivanjima je obuhvadeno 19 vrsta iz asocijacije Danthoniefum calycinae, 17
vrsta iz zajednice Agrostietum vulgaris i 15 vrsta iz asocijacije Koelerietum montanae.
Dnevna dinamika transpiracije, kao i najvece i najmanje vrednosti, pokazuju individu-
alnu varijabilnost, kako u razli¢itim, tako i u okviru iste biljne zajednice. Osmotske
vrednosti vrsta iz zajednice Danthonietum calycinea varirale su izmedu 7,96 122,30 bara,
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u zajednici Agrostietum vuldgaris amplituda osmotskih vrednosti bila je izmedu 7,17 do
16.84 bara, a u zajednici Koelerietum montanae izmedu 9,79 i 20,02 bara.

Agroekosistermni. — Vodni reZim gajenih i samoniklih biljaka u agroekosistemima,
odnosno u agrofitocenozama, predstavlja izuzetno znaCajan problem primenjene fi-
zioloske ekologije biljaka. Zbog toga su ispitivanja vodnog rezima gajenih i drugih
biljaka u agrarnom biotopu, kao ivodnog reZima takvog stanista bilau ZiZiinleresovanja
istrazivaca i stru¢njaka na polju primenjene ekologije. Ne ulaze¢i u sve detalje koji se
odnose na ovaj problem, moze se konstatovati da su hidratura i vodni potencijal
dominirali kao dva osnovna parametra vodnog reZima u istraZivatkim zahvatima koja
se odnose na biljke iz agrofitocenoza.

Proutavanije hidrature, odnosno odredivanje osmotskih vrednosti Celijskog soka,
od velikog je znacaja za poljoprivredne biljke, jer pruZa relevantne podatke o toku
osnovnih fiziologkih procesa od kojih zavisi organska produkeija, odosno prinos gajenih
biljaka i njihov kompeticijski status u odnosu na samonikle, odnosno korovske vrste. U
tom smislu naroito su instruktivni podaci koje iznosi K oji¢ (1987), a Koji se odnose
na komparativno pracenje osmotskih vrednosti éelijskog soka, odnosno hidraturno
stanje tkiva listova veéeg broja korovskih i gajenih biljaka u istoj agrofitocenozi (uusevu
kukuruza i u usevu §ecerne repe). Cilj ovih istraZivanja bio je utvrdivanje tipa vodnog
rezima (hidrature) koji uspostavljaju korovske biljke u poredenju sa gajenom biljkom
u istim uslovima’ stani$ta. Hidraturni odnosi u usevu kukuruza isptiivani su kod
korovskih vrsta Sornchus oleraceus, Setaria viridis, Solanum nigrum, Cirsium arvense i
Chenopodium album, dok su u usevu fecerne repe analizirane osmotske vrednosti
Celijskog soka kod vrsta Stachys palustris, Solanum nigrum, Bidens tripartitus i Carduus
acanthoides. Rezultati ovih istrazivanja su pokazali da su osmotske vrednosti Celijskog
soka redovno bile nize kod korovskih biljaka u odnosu na gajene vrste (kukuruz i
Secerna repa). Tako je, na primer, osmotski pritisak Celijskog soka vrste Sonchus
oleracens iznosio 7,06 bara, Setaria viridis 9,02 bara, Solanum nigrum 10,77 bara, Cirsium
arvense 11,15 bara, Chenopodium album 12,27 bara, dok je u isto vreme osmotski
pritisak kukuruza bio 13,77 bara. Sli¢na situacija konstatovana je i u usevu Secerne repe.
Korovske biljke, u manje-vi$e istim uslovima, uspostavljaju povoljniji vodni rezim,
odnosno zadrzavaju povoljnije hidraturno stanje tkiva od gajenih biljaka sa kojima
zajedno rastu. Slicne zakljucke Koji¢ (1987) je izneo i za agrofitocenozu psenice:
osmotski pritisak celijskog soka listova korovskih vrsta ovde iznosio je kod Cirsium
arvense 15,38 bara, Lathyrus aphaca 16,40 bara, Vicia tetrasperma 17,01 bara, Sambucus
ebulus 19.52 bara, Arisiolochia clematis 20,65 bara, Consolida regalis 23,17 bara, dok je
kod psenice iznosio 25,08 bara. Komparativna istrazivanja hidraturnih odnosa korova
i gajenih biljaka ukazuju na odredenu strukturno-funkcionalnu prednost korovskih
biljaka u odnosu na gajene biljke.

Analiza vodnog reZima biljaka u agroekosistemima sve se viSe zasniva na
pracenju veli¢ine i dinamike vodnog potencijala u razliCitim delovima biljke i
utvrdivanju odnosa promene vodnog potencijala i koli¢ine abscisinske kiseline (ABA)
u listovima, korenu, stablu, odosno ksilemu i floemu. Ovim problemima se kod nas
intenzivno bave Pe ki ¢ iStikié (1987), pratedi stanje i promene vodnog potencijala
raznih linija i sorata (kultivara) kukuruza, s posebnim osvrtom na uzajamnu us-
lovljenost stresnih uslova vodnog deficita (suse) i hormonskog statusa otpornih i
osetljivih sorti gajenih biljaka.

Pored veé istaknutih razlika izmedu korovskih i gajenih biljaka u pogledu hidra-
turnih vrednosti Koji¢ i saradnici (1994) daju pregled komparativnih istrazivanja i
drugih parametera vodnog reZima vrsta u agrofitocenozama (ukupan sadrzaj vode,
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intenzitet transpiracije). I u ovomslucaju utvrdeno je da postoji razlika koja ide u prilog
korovskim biljkama u odnosu na ga]enc vrste. Ukupan sadrZaj vode, kako u toku dana
tako tu toku sezone, konstantno je veéi kod korova nego kod ga_]emh biljaka. Dakle, u
istoj agrofitocenozi, na istom staniStu, sve analizirane korovske vrste raspolagale su
vecom koli¢inom vode u listovima u odnosu na jedinke gajene biljke, $to, nacelno
posmatrano, ukazuje na prednost koju imaju korovi u obavljanju fiziolokih aktivnosti.
Analogni rezultati dobijeni su komparativnim proucavanjem intenziteta tranpsiracije
korovskih i gajenih biljaka. Koji¢ i saradnici (1994) su utvidili da su intenzitet
transpiracije, kao i ukupna koli¢ina transpirisane vode, znatno veéi kod korovksih nego
kod gajenih biljaka. Do sli¢nih rezultata su dosli i neki drugi autori (Plavs§ic-
Gojkovidé etal, 1984; Dubravec, 1984; Ristié, 1988; Grupce etal. 1987;
Koji¢iAjder, 1991). Takav trend u prometu vode korova i gajenih biljaka ukazuje
da fizioloski procesi, odnosno ukupni metabolizam korovskih biljaka, u krajnjoj liniji
ima za posledicu intenzivniju organsku i odgovarajuéu prednost u kori§éenju dostupnih
resursa u agroekosistemu u celini.

Na osnovu iznetih Cinjenica, dolazi se do zaklju¢aka koji dopunjuju saznanja o
korovima kao veoma specificnoj kategoriji biljaka agrarnih ekosistema. Korovi su u
toku procesa evolucije u agroekosistemu, u stalnoj borbi sa intervencijama Coveka
{antropogeni faktor) 1 drugim faktorima spoljne sredine, stekli takve adaptivne osobine
koje im omoguéavaju konkurentsku sposobnost 1 odnosu na gajene biljke. Ekofi-
zioloski parametri ukazuju na moguénost korovskih biljaka da svoj vodni reZim
uspostave i odrZavaju na kvalitetnijem nivou u odnosu na gajenu biljku kao edifikator-
sku vrstu u agrofitocenozi, i na taj nain se zadrZe na obradivim 1 od strane Coveka
odrZavanim prostorima.

Urbani ekosisterni su izuzetno ekoloski specificni, ali je, sa ekofizioloskog sta-
novi$ta, znacajan uticaj razli¢itih zagadenja (atmosferski polutanti, smog, dim, ¢ad i
pradina, kao i te§ki metali, otpad i toksi¢ne substance u zemlji§tu) na osnovne procese
i strukturu biljaka. Razni zagadivadi u vazduhu i zemlji$tu naruavaju fine strukture i
funkcije vitalnih organa biljaka, narodito listova i korenova (Seinfeld, 1975). Efekti
zagadivanja se ispoljavaju na raznim nivoima grade individualnog organizma (subceli-
jskom, ¢elijskom, u tkivima ili organima), ali i Sire zahvataju i naru$avaju bioloske
sisteme (populacijske, specijske ili cenoticke). Pod uticajem zagadivaca, u urbanim
sredinama, nastaju strukturne (morfoloske, anatomske, histoloske) i fiziolosko-bio-
hemijske promene kod biljaka. Fizioloske promene se obicno javljaju pre vidljivih
strukturnih promena i o§tecenja i mogu imati kritiCan znacaj za biljke (Wolfend et
Mensfield, 1991). Kako se fiziolosko-biohemijske reakcije biljaka na razlicite viste
zagadivanja relativno rano pojavljuju, mogu se koristiti za detekciju ocuvanosti ili
narusenosti (fiziolo§ko-biohemijski monitoring) urbane sredine.

Kompleksna ekofizioloska istraZivanja u gradskim sredinama u nas rede su
obavl]jana nego u okviru prirodnih ekosistema. Ipak, dosadasnji podaci daju opstu sliku
o karakteristikama vodnog reZima biljaka u uslovima gradske sredine. Tako, istra-
Zivanja na podruéju Beograda pokazuju da se ruderalna zeliasta vegetacija u urbanim
uslovima odlikuje povoljnim vodnim odnosima (Popovic et al, 1988). U najcescoj
urbanoj fitocenozi Lolio-Plantaginetum majoris Beger, devet na]zastupl]emuh vrsta

karakterisale su se veoma intenzivnom transpiracijom (dnevni maksimum iznosio je
¢ak 1 do 32,70 mg/g/min), relativno visokim sadrZajem vode koji malo varira (71 do
83%) kao i umerenim vrednostima osmotskog pritiska (8 do 16 bara), §to ukazuje na
pozitivan vodni balans i dobre produktivne uslove ruderalnih biljaka na stani§tima u
gradskoj sredini.
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Stanje vodnog reZima drvenastih biljaka u urbanim uslovima pradeno je
odredivanjem hidrature kod 30 vrsta drveca i Zbunova na zelenim povr§inama u
neposrednoj blizini vecih saobracajnica u Beogradu. Utvrdeno je da najvedi broj vrsta
ima osmotski pritisak celijskog soka u listovima izmedu 15 1 20 bara. Od toga odstupaju
samo Lycitum barbarum (sa izrazito malim osmotskim vrednosima, do 6 bara) i Tamarix
tetandra (sa vrednosima osmotskog pritiska do 23 bara).

Mitrovié (1992) daje podatke o ispitivanju vodnog rezima drveda Acer
pseudoplatanus, Acer platanoides i Acer campestre u parku Kalemegdan. Umereno
visoka transpiracija (maksimum do 19,5 mg/g/min), stabilna koli¢ina vode u listovima
tokom dana i osmotske vrednosti karaktersiticne za listopadne vrste drveca Evrope (8
do 23 bara) govore o dobroj adaptiranosti ovih vrsta na uslove urbane sredine.

Posebno su znacajna ispitivanja vrste Ginkgo biloba, znacajne reliktne viste, koja
su izvedena u uslovima Botanicke baste u Beogradu (Stevanovié, Jankovié,
1982, 1983). Utvrdena je transpiracija umerene jacine, bez podnevnih depresija, kao i
relativno velika koli¢ina vode u listovima, pradena ujednadenim osmotskim vred-
nostima (13-21 bara). Prema rezultatima ovih istraZivanja proizilazi da je Ginko biloba
hidrostabilna vrsta, koja uspeva da tokom dana odrZi povoljan vodni balans, stabilizuje
vodu u protoplazmi, uz istovremeno izbegavanje izraZenije fluktuacije koli¢ine vode i
osmotskog pritiska ¢elijskog soka u listovima, otporna i veoma vitalna u urbanim
uslovima.

Fotosinteza

Fotosinteza kao ekofizioloSki parametar uop$te, a posebno u vezi sa organskom
produkcijom biljaka i biljnog pokrivaca, predstavljala je jedan od klju¢nih problema
proucavanja saradnika Odeljenja za fiziolosku i biohemijsku ekologiju biljaka Instituta
za bioloska istraZivanja ,,Sini$a Stankovi¢”. Ispitivanja na terenu obavljena su, najpre,
konduktometrijskom metodom, koji se zasniva na elektroprovodljivosti rastvora baze
koja apsorbuje CO2 (Voznesenskij, 1959), aparatom konstruisanim u Institutu
za bioloska istrazivanja (1976). To su bila prva, pionirska istraZivanja fotosinteze u
prirodnim uslovima u naSoj zemlji. Danas se istraZivanja intenziteta fotosinteze spro-
vode standardnim metodom uz primenu aparata LI-COR 6200.

Konduktometrijskom metodom proucavan je intenzitet fotosinteze kod veceg
broja biljnih vrsta cenobionata zajednice Chrysopogonetum pannonicum Stjep.-Ves.
Zbog velikih i naglih promena gotovo svih faktora od znacaja za fotosintezu (svetlost,
temperatura, viaZnost) konstatovane su i velike promene intenziteta fotosinteze, od
vrlo niskih do izrazito visokih vrednosti. Najnizi nivo fotosinteze utvrden je kod
Crataegus monogyna (maksimum do 27 mg CO2/g/h), a zatim kod vrsta Paconia
tenuifolia i Anemone pulsatilla (maksimum do 42 mg COz/g/h), dok se veéina drugih
biljaka ove zajednice odlikuje intenzivnom fotosintezom (do 78 mg CO2/g/h) (Jan-
Kovi¢ etal, 1975).

Kompleksni rezultati dobijeni su primenom savremene LI-COR aparature,
odnsono LI-COR infracrvenog gasnog analizatora kojim se simultano beleZi nivo
[otosinteze (odnosno disanja u mraku), nivo transpiracije, intracelularnu koncentraciju
COz u listovima, atmosfersku vlaZnost, temperaturu vazduha i lista, intenzitet svetlosti.
Na osnovu svih ovih vrednosti, kori§¢enjem multipne i parcijalne regresije, moZe se
utvrditi zavisnost fotosintetskog procesa od faktora spoljasnje sredine.

Pracenje fotosinteze LI-COR aparatom kod veceg broja jedinki hrasta kitnjaka
razliCitog vitalnog statusa, dalo je veoma znacajne rezultate (Popovi¢ et al,, 1989)
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indikativne za stepen ofteéenja u datim uslovima spoljasnje sredine. Biljke sa najma-
njim stepenom vitalnsoti imale su vrlo nisku fotosintetsku aktivnost, ¢ak samo 1,45 mol
COz, povezanog sa prekomernim gubitkom vode u kriti¢nim momentima. Povecani
vodni deficit u listovima narusava fotosintetski metabolizam ovih biljaka, $to dovodi do
smanjene asimilacije CO2. Kod najvitalnijih biljaka intenzitet fotosinteze je znatno veci
(2.98 mol CO2), ne ispoljava se podnevna derpesija zbog povecanog intenziteta svet-
losti i relativno visoke koncentracije intracelularnog CO2 (295 mol), koji je akumuliran
u periodu kada su stome bile otvorene (Popovié etal, 1989, 1990; Knapp et al.,
1990).

U proudavanju fotosinteze kori§éene su i druge metode. Promene u fotosintet-
skoj aktivnosti analizirane su brzo i bez ofteéenja merenjem hlorofilne fluorescencije
primenom aparata ,,Plant Stress Meter” — biomonitor AB. Ovom metodom pracena je
hlorofilna fluorescencija i odredivana fotosintetska aktivnosti bukve (Fagus silvatica),
i to u kulturi sa smréom, Kao i u prirodnoj bukovoj $umi. Utvrdena je veca fotosintetska
aktivnost bukve u prirodnim sastojinama u odnosu na sadene sastojine tokom cele
vegetacijske sezone (Popovié etal, 1994).

U ekofiziologkim proudavanjima fotosinteze, kako u prirodnim, tako i u agroe-
kosistemima poseban znacaj ima odredivanje netofotosinteze, intenziteta fotosinteze,
a narodito produktivnosti fotosinteze. W a l te r (1960) je detaljno proucavao pruduk-
tivnost fotosinteze jer je ovaj parametar smatrao najvaZnijim u ukupnom fotosintet-
skom rezimu. Valter defini$e produktivnost kao ,prira$taj suve supstance na jedinicu
lisne povr$ine u jedinici vremena”, za razliku od netofotosinteze koja predstavlja
razliku izmedu same fotosinteze i istovremeno proteklog disanja. Na osnovu kom-
parativnih prouavanja produktivnosti fotosinteze utvrdio je znacajne razlike kod
vedeg broja gajenih biljaka. Za ispitivane biljke prosccnd vrednost produktivnosti
fotosinteze, izraZena u gramima suve supstance na ! m % lisne poviSine za 7 dana iznosi:

- suncokrct 10,3 g/m“/7 dana
—3$ederna repa 7,6 g/m>/7 dana
—kukuruz 6,5 ﬂ/m2/7 dana
- mak 4,8 5/m %/7 dana
— pasulj 4,7 ﬂ/m /7 dana

Iz iznetih podataka se vidi da je produktivnost fotosinteze suncokreta cak 100%
veca nego kod pasulja ili maka.

Koji¢ (1987) je proucavao produktivnost fotosinteze gajenih biljaka kod dve
sorte (kultivara) pSenice (bankut i bezostaja) na plodnom poljoprivrednom zemljistu
tipa Cernozem u okolini Beograda. Visokorodna sorta (kultivar) pSenice bezostaja
pokazala je nizu fotosintetsku produktivnost od stare domace sorte bankut. Prosecna
produl\tivnost fotosinteze, izratunata za ceo vegetacioni period, kod bezostaje iznosi

2 0/m“/7 dana, a kod bankuta 4,0 g/m2/7 dana. Ovi rezultati su pokazali da op$ti nivo
organsl\e produkcije ne zavisi samo od intenziteta, odnosno produktivnosti fotosinteze,
ved 1 od drugih faktora (rashodovanje materija, odnos fotosinteze i disanja, transfor-
macije i translokacije produkovanih jedinjenja, i drugog).
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Uticaj abioti¢kih i bioti¢kih faktora na proces fotosinteze gajenih biljaka, pose-
bno pSenice i kukuruza, proucavan je i u naSoj zemlij. Krsti¢ (1981) je detaljno
analizirao uticaj spoljasnjih faktora na fotosintezu psenice. Koji¢ iPeki¢ (1981)su
proucavali uticaj vodnog reZima na fotosintetski proces i organsku produkciju psenice,
pri ¢emu su posebno pratili parametre vodnog reZzima kao $to su oblici vode i njihova
dinamika u organima pSenice, intenzitet transpiracije, transpiracioni koeficijenat i
potroinju vode, vadni deficit, vodni potencijal, hormonalno regulisanje vodnog reZima
u vezi sa produkcionim procesom p$enice, kao i karakteristike hidraturnih odnosa
pSenice u vezi sa organskom produkcijom.

Najzad, valja konstatovati da je veliki broj istraZivata agronomske orijentacije
proucavao direktan uticaj raznih agrotehni¢kih i hemijskih mera, kao i efekat faktora
spoljadnje sredine na visinu i kvalitet proizvoda gajenih biljaka, bez posebne analize
fiziolo$kih procesa, presudno znacajnih za organsku produkciju.

Disanje

Disanje, tatnije, intenzitet disanja kao ekofiziologki parametar, od koga bitno
zavisi i produktivnost fotosinteze, relativno retko je, u na$oj zemlji, proucavan nepos-
redno u uslovima stani§ta. Prema Rubinu (1976) razni ekoloski Cinioci, a pre svega
temperatura, vlaZnost, svetlost, mineralni rezim, kao i atmosferske prilike uti¢u na
celokupan promet materija u biljci, a u tom kontekstu i na disanje. Kao rezultat
delovanja svih tih faktora, a svakako i genetickih svojstava, intenzitet disanja je karak-
teristiCan i specifican za pojedinalne biljne vrste. U okvirn agrarnih ekosistema
problem disanja je detaljno proucavan kod korovskih biljaka (Koji¢, 1968, 1987). Na
osnovu rezultata tih istrazivanja, Koji¢ svrstava korovske biljke u tri grupe:

I ~korovske vrste niskog intenziteta disanja (do 1,00 mg CO2 na 1 g suve supstance
za 1 Cas
Il - k()rovsk)c vrste srednjeg intenziteta disanja (od 1,00 do 2,00 mg CO2/1g/1h)
I1I - korovske vrste relativno visokog intenziteta disanja (preko 2,00 mg COz/1g/1h)
U prvu grupu dolaze sledece korovske vrste: Chenopodium album (0,08 mg
CO2/1g/1h), Sambucus ebulus (0,11 mg CO2/1g/1h), Chenopodium bonus-henricus (0,15
mg CO2/1g/1h), Sinapis arvensis (0,23 mg CO2/1g/1h), Achillea millefolium (0,26 mg
CO2/1g/1h).

U drugu grupu spadaju sledeée korovske biljke: Thiaspi arvense (1,05 mg
CO2/1g/th), Cirsium arvense (1,11 mg CO2/1g/1h), Capsella bursa-pastoris (1,14 mg
CO2/1g/1h), Bromus sterilis (1,18 mg CO2/1g/1h), Chelidonium majus (1,32 mg
CO2/1g/th), Ballota nigra (0,53 mg CO2/1g/1h), Lamium album (0,55 mg CO2/1g/1h).

U treéu grupu mogu se ukljuditi sledece korovske vrste nasih predela: Convolvu-
lus arvensis (4,99 mg CO2/1g/1h), Polygonum aviculare (6,04 mg CO2/1g/1h) i Stellaria
media (7,04 mg CO2/1g/1h) (Kojié, 1987).
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Kako su ekologka proudavanja disanja biljaka u drugim (prirodnim) cko-
sistemima ($umskim, livadskim, stepskim) kod nas malo obavljana, ne postoje znacajni
rezultati koji bi omogudili uopS$tena razmatranja i zakljuCivanja.

Kompenzaciona tacka

Kompenzaciona tacka svetlosti predstavlja znacajan ekofizioloSki parametar koji
ukazuje na uslove pod kojima se obavlja proces fotosinteze, i sa ovim procesom
povezana organska produkcija. Kompenzaciona tacka svetlosti je relativno Cesto
proucavana u na$oj zemlji, posebno u $umskim i agrarnim ekosistemima. Nasuprot
tome, kompenzaciona tacka ugljen dioksida, praktino, uopste nije bila predmet
ozbiljnih prucavanja i analiza.

U okviru $umskih zajednica prucavana je kompenzaciona tacka svetlosti kod
veceg broja cenobionata (Kojié, et al, 1995), pre svega iz hrastovih i hrastovo-
grabovih §uma. Ispitivanjima su bile obuhvadéene 23 vrste iz razli¢itih Sumskih spratova,
pri ¢emu su utvrdene najveée vrednosti kompenzacione tacke, zabeleZene, najcesce,
pocetkomvegetacijskog perioda. Vrednost kompenzacione tacke svetlosti kod $umskih
vrsta najéeée je od 400 do 500 luksa, sa izraZenim sezonskim variranjima koja se krecu
izmedu 200 i 4980 luksa.

U agrarnim ekosistemima detaljno je proutavana visina kompenzacione tacke
svetlosti korovskih biljaka (Koji¢, 1987). Utvrdeno je da svetlost na staniStima ovih
biljaka varira od 310 do 1000 luksa ‘tokom sezone a da one. najéesce, kompen?acmnu
tacku postizu pri svetlosnom intenzitetu od 500 do 600 luksa. Istrazivanja Kojica
(1987) su pokazala da listovi razlitite starosti, na istoj biljci, postizu kompenzacionu
tatku pri razli¢itom intenzitetu svetlosti. Najmladi listovi imaju znatno visu kompen-
zacionu tacku (trpe intenzivou svetlost) u odnosu na listove srednje starosti ili one
najstarije. Poredenjem razli¢itih fenoloskih stadijuma iste biljke, utvrdeno je da listovi
srednje starosti uspostavljaju kompenzacionu tacku pri najmanjoj jacini svetlosti.

Organska produkeija

Organska produkcija pojedinacnih biljaka i biljnog pokrivada u celini, u svojoj
osnovi, jeste krajnji cilj i konaéni efékat fizioloskih procesa, pa, prema tome i jedna od
osnovnth konstanti pri interpretaciji i reazliciji programa ckofiziolo§kih proucavanja.
Sustinski cilj istraZivanja organske produkcije 1 svih prateéih relevantnih fizioloskih
procesa jeste —utvrdivanje bilansa materije i energije, kao i razrada naucnih osnova za
povecanje produktivnosti i racionalno kori$éenje pojedinih biljaka i biljnih zajednica u
celini.

Istrazivanja organske produkcije u okviru $umskih ekosistema nase zemlje bila
su brojna i svestrano osmiSljena. Znadajni rezultati su postignuti kako u okviru
prouCavanja produkcije biomase i relevantnih Cinilaca toga procesa uzajednici Festuco
montanae-Quercefum pefreae M. JTank. na Frusoj gori (Popovi¢ et al, 1984), tako i
pri analizi dinamike stvaranja nadzemne biomase biljaka prizemnog sprata i koliCine
stelje u hrastovim zajednicama na Jastrepcu (Popovié etal, 1986).

IstraZivanja su pokazala da je ukupna biomasa nadzemnih delova biljaka u
prizemnom spratu zajednice Festuco montane-Quercetum petraeae M. Jank. na FruSkoj
gori, u toku vegetacijskog perioda, bila u granicama od 442 do 1032 kg/ha. Ukupan broj
individua biljaka varirao je od 4,26 x 10™ do 5,23 x 10" ind/ha. Najvecu lisnu povrsinu
postigla je vrsta Festuca drymeia (4860 do 7338 mz/ha), dominantna, cenoti¢ki znacajna
biljka prizemnog sprata ove zajednice. Ukupna lisna povrina svih vrsta zeljastih biljaka
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maksimalno je dostizala vrednost od 13209.10 m’/ha, dok je indeks lisne poviSine bio
1.32 ha/ha. Sve ove vrednosti govore da se ovde radi o velikoj primarnoj organskoj
produkeiji biljaka prizemnog sprata ove Sumske zajednice.
Dinamika produkovanja nazdemne biomase biljaka prizemnog sprata i koli¢ine
stelje proutavana ]C u pet hrastovih zajednica razli¢itog stepena degradacije na Jas-
lleul (Popovic etal, 1986). Koli¢ina biomase se kretala izmedu 155 i 515 kg/ha, a
stelje od 3096 do 7392 kb/ha U skladu sa promenama koli¢ine stelje kretao s i
energetski ekvivalent (2.2 x 10° do 8,58 x 10° J/ha).

Organska produkcija livadskih biljnih zajednica proucavana je od strane veceg
broja autora i na vi$e lokaliteta. IstraZivanja obavljena na Velikom Jastrepcu i Maljenu
su dobar primer produkcionih odnosa ovakvih ekosistema.

Na Jastrepcu je pracena koli¢ina biomase nadzemnih delova biljaka i njihov
energetski ekvivalent u dve livadske zajednice, i to Trifolio-Cynosuretum cristati i
Agmsno—( ‘hrysopogonetum giylli. Mezofilna zajednica Trifolio-Cynosuretum cristati u
periodu maksimalnog razvica biljnog pokrivaCa postizala je veliku koli¢inu biomase 1
¢ak do 7147 kg/ha, sa energetskim ekvivalentom pojedinih vrsta od 1511 do 1759 x 10
Jigr. Brdska termofilna livadska zajednica, Agrostio-Chryosopogonetum grylli, odli-
kovala se manjom koliéinom nadzemne biomase, koja je dostizala vrednost od 4957

kg/ha (Jovanovié etal., 1986).

Na Maljenu su vrSena uporedna ispitivanja karakteristika zemljiSta i produk-
tivnosti nadzemne biomase u dve kserotermne travnjacke zajednice - Poo molinieri-
Plantaginetum holostei i Koelerietum montane. U prvopomenutoj zajednici Koli¢ina
obrazovane biomase kretala se izmedu 1256 14562 kg/ha, sa energetskim ekvivalentom
od 13504 do 18739 KI. U zajednici Koelerietum montane koli¢ina biomase varirala je
od 5070 do 10049 kg/ha, a energetski ekvivalent je bio izmedu 14496 i 20039 KI
(Popovic etal, 1988).

U okviru agrarnih ekosistema, u zajednicama gajenih biljaka, na njivama, organ-
ska produkcija je tradicionalno praéena, kako u kvantitativnom, tako i u kvalitativnom
smislu, ali su se ta ispitivanja odnosila, uglavnom, na reproduktivne organe ili druge
delove biljke koje ¢ovek koristi za ishranu ili tehnolo$ku preradu. U ovim slucajevima,
organska produkcija je valorizovana preteZzno u funkciji primene agrotehnickih i
hLlTll]Sl\lh mera, kvaliteta zemlji$ta i slicnog.

Kompleksni problemi organske produl\ule kao rezultante dclov(m]a abiotickih i
bioti¢nih faktora na odredenom stani$tu bili su predmet studiranja i analiza brojnih
autora, kako u inostranstvuy, tako i u nasoj zemlji (B oysen-Jensen, 1932, Weck,

1960; Licth,1962,1972; Jankovié¢ i Kojié, 1975 idrugi). UlOII]SmlSlll/llde]m
su pokusajl proucavanjd i karakterizacije polenu;alnc produktivnosti biljaka, odnosno
biljnog pokrivata na osnovu bioekoklimatskih pokazatelja izraZenih u tzv. CVP -
indeksu (P aterson, 1956; Weck, 1960). Na tom problemu kod nas su radili
Jankovié¢ 1 Kojié (1975) iKojic¢ (1987). Posle vi§egodiSnjih proucavanja, a na
osnovu kompleksne valorizacije spolja$njih faktora, pre svega klimatskih, Jankovic¢
i Koji¢ su,ugore navedenim radovima, prvi u nas, dali preliminarnu kartu produk-
tivnosti bll]no pokrivaca nase zemlje. Osim toga, koristeéi iskustvo koje su stekli u
proudavanjima, analizama i razmatranjima skupnog delovanja ekologkih faktora na
organsku produkciju biljaka i bilinog pokrivata nekog predela u celini, Jankovi¢ i
Koji¢ supokusali da daju svoj doprinos pobolj$anju metodskog prilaza sagledavanju
potencijalnih mogucnosti organske produkceije biljaka, odnosno biljnih zajednica ili
biljnog pokuvaca u celini.
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Ekofiziologija stresa

Problemi Ck(‘)fi?i()l(wi]'( stresa, odnosno, odvijanja fizioloskih procesa u uslovima
spol,asxm sredine Cije je delovanje na biljke obi¢no znatno izvan granica optimuma,
danas je u ZiZi interesovanja fitofiziologa, ckologa i ekofiziologa.

Prema podelama koje daje Levitt (1972), stresni [aktori spolja$nje sredine
mugu biti bioti¢ki (parazitizam, kompeticija, dejstvo patogena, herbivora, gaZenja, kao
1 antropogeni stres k()iim su obuhvadeni svi efekti polutanata u atmosferi, Yemlem i
vodi nastali aktivno$éu Coveka) i abioti¢ki, odnosno mnogobrojni nepovoljni i ek-
stremni fizicko-hemijski faktori stani§ta kao $to su: nedostatak vode (stres suse),
suvisak vode (stres plavljenja i nedostatka kiseonika), intenzivno zracenje, nedostatak
svetlosti, izuzetno niska ili visoka temperatura, nedostatak ili suviSak soli i mincrala
(hemijski stresovi uslovljeni toksi¢nom koncentracijom jona, gasova, ili soli) ili me-
hanicki stres (vetar, sneZni nanosi). Dva stresna faktora, medutim, imaju poseban
znacaj i najée§ée su analizirana i kod biljaka na$e zemlje. To su nedostatak vode (stres
su$e) 1 nepovoljan sadrZaj soli u zemlji§tu (stres soli) 1, u vezi sa tim, adaptivni odgovori
kserofita na vodni deficit i halofita na toksicno dejstvo velikih kolicina soli.

Susa (vodni deficit ili nedostatak vode) predstavlja period bez dovoljne koliCine
padavina i zbog toga redukovane koli¢ine vode u podlozi, pracene intenzivnom evapo-
racijom. Susa je Cesto neizbeZan, a svakako najteZi problem za razvoj biljnog pokrivaca,
posebno intrigantan u poljoprivrednoj biljnoj proizvodnji. Ceo tok poremecaja procesa
u biljci zbog nedostatka vode u uslovima suse zavisi od karakteristika staniSta (fizicko-
hemijskih svojstava zemlji§ta, temperature i vlaZznosti vazduha) i od karakteristika same
biljke - njenih adaptivnih reakeija (Levitt, 1958, Walter, 1960; Larcher, 1983,
1995). Stoga, sa ekofizioloskog stanoviSta, moZe se re¢i da su biljke u stanju vodnog
deficita kada je turgidnost njihovih tkiva manja od maksimalne. Ovakvo stanje nastupa
kada proces transpiracije nadjaca usvajanje vode iz zemlji§ta, prouzrokovano (a)
smanjivanjem vlage u zemlji§tu (zemlji$na susa), (b) povecanjem temperature vazduha
(temperaturni $ok), (c) smanjenjem vlaZnosti vazduha, ili (d) povecanjem intenziteta
strujanja vazduha (vazdusna susa).

Na osnovu viSegodi$njih ekofizioloskih istrazivanja problema nedostatka vode
na poljima kukuruza, uzimajuéi u obzir i rezultate drugih autora, Pekic¢ (1989)
konstatuje da je otpornost prema susi rezultat delovanja skupa adaptivnih mehanizama
kojima se ili povecava usvajanje vode, ili smanjuje njeno odavanje. Pri vodnom deficitu
javljaju se kod kukuruza adaptivne reakcije koje se, ili (a) neposredno indukuju u
uslovima suse, ili (b) postoje bez obzira na neposredno delovanje suse. Kod kukuruza
adaptacije koje nisu neposredno indukovane sugom ¢ine skup morfologkih i anatom-
skihodlikakorena i lista karakteristicnih za vrstu kojima se obezbeduje odredenistepen
kseromorfnosti biljke. Adaptacije koje se indukuju u uslovima suse, medutim, mogu
biti fizioloske (osmotsko prilagodavanje i stomaterna regulacija), ali i odredene mor-
fofiziolo§ke modifikacije u listu i korenu. Centralno mesto u pokretanju ovih adaptacija
ima hormon abscisinska kiselina (ABA) kao regulator fiziolokih procesa.

U najnovije vreme problemom stresa soli i adaptacijama halofitskih biljaka
detaljno se bavila Dajic¢ (1996) ispitujudi stepen halofitnosti odredenih biljaka u
zajednici Puccinelliettum limosae (Rapcs.) Wend. na slatini (solon¢ak izrazito alkalne
reakeije) u Rusandi (Banat, severoistocna Jugoslavija). Analizom vodnog reZima
(dnevna i sezonska dinamika transpiracije, sadrZaj vode, osmotski potenuy)l i hcml—
jskog sasfava veé,ctatwmh organa (Sezomka dinamika sadrza]a Na* K*,Ca Mg
CI, SO4&, POS i ukupnog sadrZaja $ecera u korenu, stablu, listu i izdanku u Lehm)
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najzastupljenijih vrsta pomenute zajednice utvrden je visok stepen otpornosti prema
solima koji se ostvaruje preko adaptivnih mehanizama kao $to su iskljucivanje soli na
nivou korena, odrZavanje visokog i konstantnog K/Na odnosa u razlicitim oganima
bilike, zadrzavanje jona u korenu i stablu, ekskrecija soli kod vrste Atriplex tatarica,
Atriplex litoralis, Aster tripolium 1 Puccinellia limosa, kao i akumulacije i aktivne kom-
partimentacije soli uvakuole ¢elija mezolfila, §to podrazumeva i mehanizme sukulencije
kod vrsta Suaeda maritima, Camphorosma annua i Salsola soda.
ok ok

Imajudi u vidu dosada$nje rezultate i iskustvo, valjalo bi nesto redi i o buduénosti.
Perspektive daljeg razvoja fiziolo§ke ekologije biljaka u nas trebalo bi da idu u praveu
prouavanja ponaSanja biljaka u ekstremnim uslovima spolja$nje sredine (ekofiziolo-
gija stresa), 1 to, pre svega, suSe i visokog sadrZaja soli u zemljiStu (ekofizioloski
problemi halofita). Istovremeno, ekofiziolo§ka istraZivanja molekularnih osnova adap-
tacije biljaka omoguéila bi identifikaciju tolerancije stresnih uslova spoljadnje sredine
i primenu novih tehnologija 21. veka. Pored toga, ekofizioloska proucavanja biljaka su
ved, a u buduénosti ¢e biti jo$ viSe u funkciji zaStite i unapredenja Zivotne sredine
(problem suSenja §uma), i, s tim u vezi, funkcionalno povezana sa ekoloSkim monitorin-
gom. Intenziviranje i produbljivanje ekofizioloskih proucavnja endemicnih, reliktnih i
retkih biljaka nase flore doprinede pravovremenom i svrsishodnom ocuvanju flor-
istickog diverziteta naSe zemlje. Ekofiziologka proucavanja cenobionata agrarnih ek-
osistema, posebno gajenih biljaka, treba da omoguce razumevanje i racionalnu
primenu agrotehnickih i hemijskih mera u cilju povecanja organske produkcije i
o¢uvanja spoljasnje sredine. Uz sve 1o, trebalo bi da teCe 1 aktivnost na razradi novih i
usavriavanju postojeéih metoda istraZivanja toka i intenziteta fizioloskih procesa
biljaka u prirodnim uslovima.

ZAKLIJUCAK

Fiziologka ekologija biljaka svojim istraZivackim ciljevima i zadacima ne samo
$to povezuje ekologiju i fiziologiju biljaka, ve¢ omogucuje sinhronizovan i objedinjen
multidisciplinarni pristup u analizi biljaka na terenu. Ova naucna disciplina po-
drazumeva poznavanje anatomskih, morfologkih i filogenetskih karakteristika biljaka,
svih nivoa njihove raznovrsnosti, ali i osnova mikroklimatologije, pedologije, geomor-
fologije 1 geografije, pa i Sumarske i poljoprivredne prakse. EkofizioloSkim pristupom
se zadire u sustinu opstanka biljaka u odredenoj sredini, sagledava nacin strukturno-
funkcionalnog prilagodavanja, Sirenje ili, eventualno, potiskivanje i i§¢e-zavanje vrsta
na odredenim stanistima.

Dosadasnja istraZivanja u na$oj zemlji bila su brojna i, takoreéi do poslednjih
eodina, nisu zaostajala za svetskim trendovima. Isticala su se kompleksnim pristupom
u okviru kojeg se moglo sagledati viSestruko uzajamno delovanje organizama i spo-
ljasnje sredine.

Ekofizioloska istraZivanja obuhvatila su brojne biljke iz Sumskih zajednica
brdsko-planinskog regiona, livadskih i stepskih zajednica, zatim, gajene i korovske vrste
iz agroekosistema, ruderalne biljke iz urbanih fitocenoza, kao i sadene i samonikle viste
sa ,zelenih poviSina” u gradu. Najcesée su istraZivani vodni odnosi biljaka na osnovu
parametara vodnog reZzima (transpiracija, hidratura, vodni potencijal, sadrZaj vode,
vodni deficit), fotosinteza, kompenzaciona tacka svetlosti i organska produkcija biljaka
u prirodnim ekosistemima, agroekosisternima i urbanim ekosistemima.

Opstom povoljnom ekonomijom vodom odlikuju se $umski ekosistemi nade
zemlje, naroéito termo-mezofilne hrastove zajednice brdskog pojasa. U ekstremnim
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uslovima vodnog rezima stani$ta opstaju biljke u stepskim (livado-stepskim) zajedni-
cama, na kamenjarima, u klisurama i kanjonima, kao i na slatinama. Ispitivanja vodnog
reZima biljaka iz urbanih ekosistema ukazala su na poremecaje izazvane zagadivanjima
vazduha i zemlji$ta u uskom centru grada.

Narocito opseZna ekofizioloska istraZivanja obavljena su u okviru agroeko-
sistema, gde su uporedo analizirani dinamika vodnog reZima, fotosinteze, disanja i
produkcije gajenih i korovskih biljaka. Znacaj ovih istraZivanja ogleda se i u una-
predivanju agrotehnologke prakse (adekvatno navodnjavanje, dodavanje mineralnih
dubriva).

Posebna paznja, u poslednje vreme, sve viSe se poklanja istraZivanjima moleku-
larno-biohemijskih i ultrastrukturnih mehanizama adaptacije na stresne uslove
spoljaSnje sredine (susa, povecana koncentracija soli) kako kod autohtonih, tako i kod
gajenih vrsta (kukuruz), a posebno kod nekih enedemicnih, reliktnih (Ramonda sp.) ili
ugroZenih biljaka nase flore.
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MOMCILO KOJIC!, RANKA POPOVIC?, BRANKA STEVANOVIC?
ECOPHYSIOLOGICAL STUDIES OF PLANTS IN SERBIA

1Departmcm of Botany, Faculty of Agriculture, Zemun-Beograd,
. Institute of biological research ,,Sini$a Stankovi¢”, Beograd,
“Institute of botany and botanical garden ,Jevremovac”, Faculty of Biology,
University of Belgrade

Physiological plant ecology not only bridges plant ecology and plant physiology
but also deals with synchronized and integrated multidisciplinary approach to plant
analysis in the fieldwork. This scientific discipline demands the knowledge of morpho-
logical and physiological characteristics of different levels of plant organization, equally
with phylogenetic relations and ecological properties of plants, but also requires the
fundamental informations of microclimatology, pedology, geomorphology and geog-
raphy of the hibitats, as well as of forest and agricultural menagement. The ecophysio-
logical approach generates the new insights on the interactions of the plant with the
environment, recognizes the essence of plant adaptive strategies (structural and fun-
ctional), their distribution on Earth or disappearance in disturbed ecosystems.

Investigations carried out in Serbia so far were numerous and until recent years
did not lag behind the world studies. There, the ecophysiological examinations were
concerned with a great number of trees, shrubs and herbaceous plants from forests of
montane and mountain regions, meadows and steppe communities, then cultivated
plants and weeds from agroecosystems, ruderal species from urban phytocoenoses as
well as planted and spontaneously grown species from ,,green areas” in the towns. The
most frequently monitored ecophysiological processes were water relations, photosyn-
thesis, light compensation point and organic production of plants in mentioned eco-
systems {rom different parts of Serbia. Recently, the special attention is paid on
ccophysiological adaptations of endemic, relic or endangered plants of this region, as
well as on molecular or biochemical responses of plants to multiple environmental
streesses (drought, salty soil, pollution).
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Budimir, S., Vujicié, R., Culafié, Lj. (1995): Development of somatic
embryos and embryogenic capacity in Picea omorika (Panc.) Purk. culture.
—(Glasnik Instituta za botaniku i botanicke baste Univerziteta u Beogradu,
Tom XXIX, 43 - 50.

In Picea omorika seedling explant culture, after induction on me-
dium supplemented only with cytokinin, cells from epidermal or
subepidermal cotyledon layers gave rise to embryogenic tissue. Somatic
embryos seems (0 be of single cell origin. Embryogenic tissue was induced
on explants from five elite genotypes (seed families). One genotype with
an induction frequency of 19% was superior to other four tested. On
abscisic acid-containing medium somatic embryos underwent maturation.
During precotyledonary stage of development starch accumulation from
suspensor 10 the apical dome was observed. On the cotyledonary stage
distinct meristemous were well defined and hypocotyl-shoot axis was

formed

Dedicated to Prof. Mirjana NeSkovi¢ on the oceasion of her 45 th anniversary of scientific work
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genotype, embryo development, abscisic acid.
Klju¢ne reci: Picea omorika (Panc.) Purk., somatska embriogeneza,
genotip, razvi¢e embriona, abscisinska kiselina.
INTRODUCTION

Serbian spruce, Picea omorika (Pancic) Purk. is a Tertiary relic species, endemic
10 the Balkan Peninsula. At present times it resides on a limited number ol about 30
localities distributed along the central part of the Drina river (Fuk arek, 1951). Picea
omorika is usually reproduced by seeds and only a few reports indicate the possibility
of vegetative reproduction by grafting or cuttings (G ajic, 1994). The regencration of
Picea omorika can be also achieved by application of tissue culture methods
(Budimir & Vujicic, 1990).

One of the most effective method of in vitro vegetative reproduction in conifer
species, is by somatic embryogenesis (Su tton etal, 1993). The somatic embryogene-
sis is a process by which somatic cells of an explant are able to undergo all developmen-
tal stages of a zygotic embryo. One of the advantages of vegetative reproduction via
somatic embryogenesis are well defined shoot and root apical meristems. In order to
achieve a successful induction of somatic embryogenesis, a detailed protocol must be
worked out for each species. The efficiency of method can further be enhanced using
a phenotype with proven high potential for somatic embryogenesis.

Results which allow practical application of somatic e mbryogenesis, have already
been achieved for a number of conifer species and in particular species of Picea
(T'autorus, Fowke & Dunstan, 1991; Attree & Fowke, 1993;
Vujici¢ & Budimir, 1995). Somatic embryogenesis in Picea omorika has been
reported by Budimir & Vujici¢ (1992). It was demonstrated that somatic
embryogenesis in the culture of Serbian spruce was induced when cytokinin, as a sole
growth [actor was present in the nutrient medium. The induction frequency of somatic
embryogenesis was found to vary between 0-8%, most probably because a mixture of
seed from various trees was used for obtaining seedling-derived explants.

The aim of the present study was to investigate the effect of genotype on the
induction frequency of somatic embryogenesis, using seed families of known origin.

MATERIAL AND METHODS

Plant material

Seeds of Picea omorika used in the experiments collected from natural popula-
tion were stored at 4°C for 18 months, the seeds collected from five open-pollinated
clite trees were stored at 4°C for 48 months. The seeds were washed in running tap
water for 24 h, surface disinfected with 30% H202 containing a drop of Tween 20 for
30 min, and then rinsed three times with sterile water.

The sceds were plqced to germinate in Petri dishes on the medium containing
2 g1 glucose and 6 g1 agar. ghoot apices bearing 4-8 mm long cotyledons (shoot
explants) were excised under sterile conditions. Ten explants per dish were placed
horizontally on the surface of the culture medium.

Culture medium

Von Arnold & Eriksson (1981) modified basal medium (BM), consist-
ing of salts, vitamins and sugars (90 mM sucrose), was used. Amino acids were omitted.
Media were solidified with 7 g1 agar. The pH of the medium was adjusted to 5.7 prior
to autoclaving for 25 min, at 115°C.
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For the induction of somatic embryogenesis, explants were grown on BM with
22.5 uM benzyladenine (BA) for 2 weeks and then transferred to growth regulator-free
medium for 4 to 6 weeks. Embryogenic tissue that developed on the explant was isolated
and grown on BM to which 9 uM 2 .4-dichlorophenoxyacetic acid (2,4-D) puis 4.5 uM
BA and 30 mM sucrose were added. Cultures were kept in darkness. Subculturing to
a fresh medium was carried out every two weeks.

For further embryo development parts of embroygenic tissue were transferred
to Petri dishes on filter paper (Whatman No 2) supports on the surface of the solidified
BM with 12 uM abscisic acid (ABA) for 4 to 8 weeks. Single mature embryos with
developed cotyledons were transferred to half-strength BM without growth regulators
for root growth.

Culture conditions

The seeds were germinated and all cultures maintained at 25+ 2°C under a
16 h photoperiod, at a photon flux density of 5.1 pmol m 2 provxded by white
fluorescent tubes (Tesla, Pancevo, 65W, 4500 K), unless stated dlfferently

Microscopy

(a) Fresh material — small pieces of embryogenic tissue were placed on a glass
slide, stained with 0.5% acetocarmin, and pressed gently with a cover glass. The entire
preparation was then observed and photographed under Jenamed, Carl Zeiss photomi-
croscope.

(b) Paraffin ~ tissue was fixed in formalin-acetic acid-ethanol (FAA) for 24 h,
dehydrated in graded ethanol, and embedded in paraffin wax at 57°C. Sections 5 um
thick were stained with haematoxylm

(¢) Plastic - tissue was fixed in 3% phospahte-buffered glutaraldehyde, pH 7.2,
for 2 h, and postfixed in 2% phosphate-buffered OsO4 for 2 h. Samples were dehy-
drated in graded ethanol, and embedded in Araldite (Serva, Heidelberg). Sections
1 um thick were stained with methylene blue.

RESULTS AND DISCUSSION

Origin of somatic embryos

In the shoot apex culture of Picea omorika the cotyledon elongation was the only
morphologically observable response, after two weeks on the induction BM supple-
mented with 22.5 uM BA. Within the following three weeks on hormone-free medium,
whole explant or only its basal region become swollen with nodular appearance.
Histological analysis of the cotyledon confirmed that first cell divisions occurred in
epidermal and a few subepidermal layers. Anticlinal cell divisions were frequently
present in epidermal layers, while in subepidermal layers (Fig. 1) mostly periclinal
divisions occurred. Further cell divisions resulted in formation of a callus tissue, which
caused disruption of epidermal/subepidermal layers, the neighbouring cells being
loosely associated. By the end of fourth week the white glossy, mucilaginous, embryo-
genic tissue with polarized structures and small cell aggregates was found on the
disrupted epidermal tissue (Fig. 2). The cells (Fig. 3), probably formed after an equal
division of single superficial cells, are believed to be initials of a somatic proembryo.
One of the two cells enlarged first and then divided transversely, which resulted in an
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carly filamentous somatic proembryo formation (Fig. 4). Further cell divisions of the
upper cell, the embryo initial cell, resulted in an immature embryo formation. Imma-
ture embryos consist of small group of apical, densely protoplasmic cells, the apical
dome, supported by a highly vacuolated and elongated suspensor cells (Fig. 5).

Similar results were obtained by Nagmani, Becwar & Wann (1987)in
Picea abies and Picea glauca. The authors suggested that the origin of somatic embryos
can be traced tosingel cells in hypocotyl region, of immature embryos and that the first
unequal cell division resulted in an early proembryo with the embryonal and suspensor
initial. However, Mo & Von Arnold (1991) observed that in seedling explants
of Picea abies, embryogenic structures could differentiate from epicotyl, hypocotyl and
cotyledons. The authors found that embryos originated from nodules that were formed
either from epidermal, subepidermal or cortical cells. Some embryogenic cultures
might also differentiate directly from single epidermal cells.

Effect of genotype on induction frequency

Seeds collected from five elite trees were used in order to determine the effect
of genotype on embryogenic capacity. Seeds originated from a parent tree were
designated as seed family. The induction of embryogenic tissue formation was achieved
as described above. The frequency of induction obtained among seeds from different
families, varied in the range of 1-19%. Seed family No 2, with induction frequency of
19% was significantly superior to the other four families tested. The induction fre-
quency among these four seed families varied in the range of 1.3-6.3% (Table 1).

Tab. 1. - Genotype effect on induction of somatic embryogenesis in Picea omorika

Seed family No. of explants cultured Induction frequencies (%)
1 80 6.3
2 107 18.7*
3 125 1.6
4 96 52
5 154 1.3

*Induction frequency is significantly different based on confidence intervals on the level P < 0.05.

The varied induction ability demonstrated by different genotypes, suggests that
in Picea omorika, genetic component is implicated in the capacity for embryogenic
tissue formation. Cheliak & Klimaszewska (1991) also reported that in Picea
mariana, among 20 genotypes tested, 85% gave rise to somatic embryogenesis. The
induction frequencies varied from 0-17%. Jain, Dong & Newton (1989)
suggested that genotype, controlled pollination and pre-conditioning of explants are
of tremendous importance in the initiation and enhancement of somatic embryogene-
sis. :

Development of somatic embryos

Isolated embryogenic tissue proliferated when grown on the medium supple-
mented with 9 uM 2,4-D and 4.5 uyM BA (Budimir & Vujicié¢, 1992). Histo-
chemical analysis of embryogenic tissue with acetocarmin, showed the presence of
numerous filamentous, immature embryos. The mechanism of embryo multiplication
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Figs. 1. - Longitudinal section of cotyledon with anticlinal cell divisons {double ar-
rowhead) in epidermal, and periclinal cell divisions (arrowhead) in subepiermal cell
lavers. Bar = 100 um; 2. — Embryogenic structures (arrow) protruding from the basal
part of the.cotyledon. Bar = 1 mm; 3. - Two-celled somatic proembryo. Bar=20 jtm;

4. — Filamentous somatic proembryo with apical initial (Ai) and suspensor ini-tial
(Si). Bar = 20 um; 5. — Immature somatic embryo with defined apical dome (Ad)

and suspensor {S). Bar = 50 um
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Figs. 6. — Longitudinal section of an embryo at the precotyledonary stage. Bar = 50

um; 7. - Dividing cells (arrow) in the apical dome of somatic embryo. Bar = 50 pm;

8. — The basal part of somatic embryo with starch grains (arrow) in the cells. Bar=50

um; 9. - Longitudinal section of an embryo at the cotyledonary stage; c - cotyledons.
am - apical meristem, rm - root meristem. Bar = 20 pm.
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is still unclear. The authors observed that embryos could arise by the mechanismsimilar
to the cleavage polyembryogenesis in zygotic embryos (data not shown). With regular
two-week subculturing the embryogenic potential of the tissue was retained for more
than two years.

[urther development of somatic embryos was observed after exposure to abscisic
acid(Budimir & Vujicic,1992). When grown on the medium containing 12 pM
ol abscisic acid, single somatic embryos were enlarged, and protruded from mucilagi-
nous tissue. Histological examination of precotyledonary embryos (Fig. 6) showed that
embryo enlargement was the result of intensive cell divisions. Cell divisions were
observed in the apical dome as well as in the suspensor, the most frequent divisions,
however, were found in the apical dome (Fig. 7). A gradient of accumulated starch
grains from the suspensor towards the apical dome was prominent on longitudinal
sections of the embryo. The cells in the suspensor region contained an abundance of
large starch grains (Fig. 8). Similarly in Picea glauca culture, starch accumulation began
at the proximal zone of the suspensor, continued to the peripheral regions and in the
developing embryo. After polysaccharide accumulation, lipid and protein deposition
was observed (J oy etal., 1991).

In Picea omorika culture structural differentiation of embryos occurred at the
cotyledonary stage of embryo development (Fig. 9). Shoot apex with defined shoot
meristem attained slightly convex shape. Provascular elements could be distinguished
bellow the apex. The root initial consisting of meristematic cells was formed at the
opposite side of the shoot apex. Root initial gave rise to cells that divided transversally
forming a massive root cap.

An inhibory effect of abscisic acid (12 uM) on embryo multiplication, and at the
same time the stimulatory effect on embryo maturation, was also described for a
number of other conifer species (Becwar, Noland & Wann, 1987, Von
Arnold & Hakman, 1988, Webster etal, 1990) asreviewed by Vujicic¢ &
Budimir (1995).

The present results show that the induction of somatic embryogenesis from
embryonic (seedling) explants is possible in a range of genotypes of Serbian spruce.
The somatic embryos seem to differentiate from single superficial cells of cotyledons.
Our studies are now focusing on somatic embryogenesis induction in explants isolated
from more mature plant material.
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SNEZANA BUDIMIRY, RADMILA VUJICIC?, LIJUBINKA CULAFIC?

RAZVICE SOMATSKIH EMBRIONA 1 EMBRIOGENI KAPACITET U KULTURI
PICEA OMORIKA (PANC.) PURK.
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U kulturi isklijalih biljaka Picea omorika, nakon indukcije na hranljivoj podlozi
sa citokininom, ¢elije epidermalnog i subepidermalnih slojeva kotiledona formiraju
somatske embrione. Somatski embrioni su verovatno jednocelijskog porekla. Nezreli
somatski embrioni imaju diferenciran embriogeni region, graden od meristemskih
¢elija i region suspenzora graden od izduZenih, vakuoliziranih éelija. Embriogeno tkivo
je indukovano na eksplantatima poreklom od pet razlic¢itih genotipova (famllua se-
mena). Jedina familija semena sa frekvencijom indukeije od 199 bila je izrazito bolja
od ostale Cetiri ispitivane familije. Kada se embriogeno tkivo izoluje sa eksplantata i

dalje gaji na hranljivoj podlozi sa auksinom i citokininom dolazi do formiranja novih
somatskih embriona. Embrioni mogu nastati procesom koji je oznacen kao ,cleavage”
poliembriogeneza. Na hranljivoj podlozi sa abscisinskom kiselinom somatski embrioni
sazrevaju. Za vreme prekotiledarnog stupnja razvic¢a uoteno je da dolazi do akumu-
lacije skroba i to prvo u Celijama suspenzora, a zatim i u ostalim delovima embriona.
Na kotiledonarnom stupnju razvi¢a apikalni meristemi postaju uo&ljivi, a duz ose
¢mbriona pocinju da se diferenciraju vaskularni elementi.
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Orbovi¢, V. Poff, ICL. (1995): 4 role of carotenoids in phototropism
of Arabidopsis thaliana seedlings. — Glasnik Instituta za botaniku i bo-
tanicke baste Univerziteta u Beogradu, Tom XXIX, 51 - 63.

A carotenoid deficient mutant of Arabidopsis thaliana (Am 45-3)
was used to investigate the role of carotenoids in phototropism and
adaptation. The mutant seedlings appeared pale and contained about
2.5-3% of the amount of carotenoids present in the WT when grown in
light. Phototropism of pale seedlings in response to unilateral BL pulse
was similar to that of WT seedlings except that the amplitude of the
response was lower. Pale seedlings retained their ability to undergo
desensitization by BL irradiation as a part of adaptation. These seedlings
also exhibited RL-induced enhancement of phototropism. Enhancement
appeared to be associated with an increase of carotenoid content. These
data are consistent with the conclusion that carotenoids are not the
photoreceptor pigments for phototropism or desensitization, although the
presence of carotenoids affects the amplitude of phototropism and
mechanism for enhancement in A. thaliena.
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INTRODUCTION

Blue light induces many physiological responses including phototropism inplants
(Kaufman, 1993). The 1denmy of the photoreceptor pigment for phototropism has
not yet been ‘elucidated and it was recently suggested that mulitple photoreceptor
pigments may mediate this process in Phycomyces and Arabidopsis thaliana (G alland
and Lipson, 1987, Konjevid etal, 1989). In addition, the existence of photore-
ceptor pigment was postulated that could control desensitization of Arabidopsis seed-
lings by the BL to a subsequent unilateral photostimulation (P o ff et al., 1994).

Because of similarity of absorption spectra of carotenoids, and the action spec-
trum for phototropism, carotenoids were suggested to be the photoreceptor pigment
mediating this process (Curry, 1969). However, absorption spectrum of B-carotene
lacks the peak at about 370 nm present in the action spectrum for phototroplsm
(Curry, 1969). Moreover, a mutant of Phycomyces that has less than 1x10° of the WT
carotenoid content still dlsplayed normal sensitivity to phototropic stimulation
(Presti et al, 1977). In addition, corn plants treated with a carotenoid synthesis
inhibitor exhibit first and second positive phototropism similar to the response of
untreated plants, the only difference being the amplitude of the response (Vierstra
and Poff,1981; Piening and Po f{, 1988). These lines of evidence argued against
the carotenoids as the chromophores of the photoreceptor for the BL in phototropism.
A flavoprotein is now thought to be a photoreceptor pigment for phototropism as well
as for other BL. mediated processes (Son g, 1984).

Adaptation in phototropism has been described in maize (Iino, 1988), Phy-
comyces (Galland, 1991) and A. thaliana (Janoudi and Po ff, 1991). Irradiation
of plants by light induces a change in their sensitivity and/or responsiveness to a
subsequent irradiation(Galland, 1991;Janoudi andPoff, 1991). In maize both
RI. and BL are capable of inducing desensitization in phototropism (Tin o, 1988). In
Arabidopsis only BL. can desensitize seedlings to a subsequent BL pulse (Janoudi
and Poff, 1991). No attempt has yet been made to characterize the pigment respon-
sible for desensitization in Arabidopsis seedlings.

A mutant strain of A. thaliana that has a pale phenotype was used to examine its
carotenoid content and test for possible effect of decreased carotenoid levels on
responses to BL. A mutant with a lower carotenoid content than the WT should be a
good tool to test for carotenoid function in the BL absorption for phototropism or
adaptation.

MATERIALS AND METHODS
Mutant population

A mixed population, Am 45-3, consisted of about 1/6 of seedlings that appeared
pale and 5/6 that were normally pigmented. This fits the expected distribution if the
pale seedling is a homozygous recessive which is incapable of maturing and setting seed
(Chi-square test on the expected ratio of 5 normally pigmented : 1 pale seedling has
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piven probability value of 0.5). Two assumptions had to be made to allow comparison
of observed ratio of two phenotypes in the Am 45-3 population with the predicted ratio
S:1. First, that the seeds obtained initially were progeny of a heterozygous plant and;
second, that dominant homozygous and heterozygous plants have the same ability to
set seeds. High probability value obtained in chi-square test is consistent with the
hypothesis that Am 45-3 population probably consists of pale secdlings as homozygous
recessive mutants, and normally pigmented seedlings representing a mixture of plants
that are homozygous dominant and heterozygous for this genetic locus. Further in the
text, the latter batch of seedlings is reffered to as normally pigmented, while carotenoid
deficient mutants are reffered 1o as pale seedlings.

Growth conditions

Seedlings used in experiments for measurement of phototropism and gravitro-
pism were grown as described previously (Khurana etal., 1989) with one difference.
Seedlings with the pale phenotype were grown for 4 h longer (43 h) than the normally
pigmented seedlings (39 h) in order to bring them to approximately same size. Dilfe-
rence in pigmentation between two phenotypes of etiolated seedlings was obvious and
easy to score. Pale plants that were light grown for 4 months also had a distinctive
phenotype. Although these plants in culture looked morphologically similar to WT
plants, except being smaller in size, their stems always shriveled quickly after develop-
ment of flowers which made it impossible to do any crossing experiment. These
seedlings were grown on Murashige-Skoog 1X medium (Gibco BRL) supplemented
with 3% (w/v) sucrose. Because the pale seedlings died under the light conditions in
which the WT-Col seedlings were grown, the following procedure was used for their
culture. Forty hours after they germinated in darkness, pale seedlings were selected
from the mixed population according to the colour of their cotyledons and placed into
plastic containers with nutrient medium. These containers were then covered with a
areen plexiglas (Rohm Gmbh Plexigas gs, DIN 4102-B2) that had low transmittance
throughout the visible part of the spectrum.

LLight sources

White light that was used for growth of seedlings and to potentiate germination
(60 pmol - m2s! ) was obtained from GE (Cleveland, OT) Delux Cool-white fluores-
cent tubes. The BL source consisted of a projector equipped with a Sylvania (GTI:
Products, Danvers, MA) 300 W ELH tungsten halogen lamp and 450 nm interference
filter with a half-band width of 10 nm (PTR Optics Waltham, MA). Red light (0.6 pmol
- ms ) used for pre-irradiation of seedlings was obtained from one 0old fluorescent
mm (GTE, Sylvania) wrapped with red cellophane (Highland Supply( ‘orp., Highland.
1.). This source provides radiation from 560 to 720 nm with maximum output at 620
nm. The duration of actinic BL was controlled with a Uniblitz shutter (Vincent
Associates, Rochester, NY). Fluence rates were measured with a Li-Cor (Lincoln, NE)
LI-190 SA in combination with a LI 1000 Datalogger.

Measurement of curvature
Phototropic and gravitropic curvature of hypocotyls were measured as described

byKKhurana etal., (1989), except that a curvature was allowed to develop for 80 min
in phototropism experiments.
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High Performance Liquid Chromatography Analysis

HPLC analysis was performed as previously described (R o ck, 1991), with the
spectrophotometer set at 436 nm for detection of carotenoids. Identification of carote-
noids was done according to retention times of peaks on chromatograms. The area
under the relevant peaks of absorbance on the chromatograms of the tested carote-
noids was used as an indicator of their amounts. Quantification of individual carote-
noids was done from the standard curves generated in the laboratory.

RESULTS

HILC analysis

The content of 10 carotenoids was compared in light grown WT-Col and pale
Am 45-3 seedlings. Chromatography revealed that the carotenoid content in the
WT-Col plants was approximately 35-40 times higher than that in the pale mutant
plants (Fig. 1. a and b). The amount of B-carotene was approximately 2.5 times higher
in the WT-Col plants than in the pale plants when expressed as percentage of total
carotenoids while the amounts of lutein and antheraxanthin were lower when expressed
on the same basis (I'ig. 1. a and b).

Relative quantities of individual carotenoids as a percentage of total amount of
9 tested carotenoids in the RL-irradiated seedlings were not different from those in
the etiolated seedligns of WT-Col (Tab. 1). However, RL-irradiated WT-Col seedlings

had approximately 40% higher quantities of carotenoids than etiolated seedlings
(Tab. 2).

Tab. 1. - The quantity of individual carotenoid as percent of total amount of nine tested
carotenoids in etiolated (-RL) and red light- irradiated seedlings (+RL) of WT-Col.
Values in the table are means +1 SE; n=2.

- ) -RL (%) + RL
B-carotene 41+19 47405
lutein 427+0.4 42.1+1.5
zeaxanthin 06+0.0 1.2+0.6
antheraxanthin 32+05 32+0.1
lutein epoxide 7.7+£09 8.0x£0.2
all-trans violaxanthin 294405 285+£0.1
9 cis-violaxanthin 36+05 3505
13 cis-violaxanthin 36+08 3.6+038

9 cis-neoxanthin 53+0.1 5.1+£0.0
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Fig. 1. — The relative amounts of 10 tested carotenoids in light grown (WT-Col)-(a)

and pale-(b) seedlings
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Tab. 2. — The quantity of individual carotenoids in etiolated (-RL) and red

light-irradiated (+RL) seedlings of WT-Col. Values in the table are means +1 SE; n=2.

-RL (mg - oFW1) + RL
B-carotene 0.076 £ 0.011 0.097 £ 0.046
lutein 1.367 £ 0.008 2.014 % 0.062
antheraxanthin 0.144 + 0.008 0.205 £ 0.026

all-trans violaxanthin
9-cis violaxanthin

9-cis neoxanthin

1.707 £ 0.045
0.072+£0.013
0.287 £ 0.018

2.590 £ 0.047
0.106 £ 0.012
0.412 +0.002

Fluence-response relationships

The fluence-response relationships for induction of first positive phototropism
for the etiolated seedlings from Am 45-3 population with the normally pigmented
phenotype and the WT-Col seedlings were similar (Fig. 2. a and b). Fluence require-
ments [or initiation of phototropism as well as for maximum response and descending
arm of the curve corresponded very well in these two batches of seedlings (Fig. 2. and
b). Based on these data it was decided to further compare responses of pale scedlings
to BL and responses of the normally pigmented seedlings to BL. assuming that the
normally pigmented seedlings have wild type ability to perceive Bl. The fluence-res-
ponse relationship for first positive phototropism to a BL pulse was also measured for
pale seedlings (Fig. 2. ¢). Response of pale seedlings was lower than that of both
WT-Col and normally pigmented mutant seedlings (Fig. 2. a, b and ¢).

Irradiation of seedlings with the RL for 1 hour resulted in higher amplitude of
response to a subsequent BL pulse (Fig. 3). This RL-induced enhancement of photo-
tropism was used in all following experiments as the higher curvature was easier to
score. The fluence-response curve describing first and second positive phototropism to
the BL of the RL pre-irradiated seedlings was measured by varying the duration of
pulses at constant {luence rate (Fig. 3). For the normally piorrganlul mutant seedlings
threshold for the first positive response was about (.01 umol m ~ and for second positive
the threshold was about 100 wmol-m 2 (Fig. 3.a). The region of the maximum for the
first positive response shows two distinctive peaks followe d by the descending arm (Fig.
3. a). The pale seedlings exibited similar response to the unilateral BL pulses after the
RIL. pre-iradiation (Fig. 3.b). The fluence requirements for initiation of the first and
sccond positive responses as well as the fine structure for first positive phototropism
corresponded well to those of the normally pigmented seedlings (I‘ig. 3.a). The major
difference between the responses of these two batches of seedlmﬂs was the amplitude,
with pale seedlings exhibiting a lower response than that of the normdlly pigmented
scedlings (Fig. 3).

The effect of a desensitizing irradiation pulse was examined for both phenotypes
from Am 45-3 population (Fig. 4. a and b). Seedlings were first irradiated for 1 hour
with RL, and then were given a BL, pulse from above followed within 2.5 min by a
unilateral BL pulse of 0.3 umol - m to induce phototropism. By varying the desensi-
tizing BL from above a fluence-response relationship for desensitization was measured.

I'he fluence- -response curves for desensitization in both phenotypes are similar (Fig.
4). As the fluence of BL administered from above increases, the response to the
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Fig. 2. - Fluence-response relationship for induction of first positive phototropism of
ctiolated: WT-Col-(a), normally pigmented-(b) and pale-(¢) seedlings
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Fig. 3. -~ Fluence-response relationship for induction of phototropism of RL pre-irra-
diated: normally pigmented-(a) and pale-(b) seedlings; n>60; vertical bars represent
+1SE
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Fig. 4. - Fluence-response relationship for induction of phototropism following the
BL pulse from above: normally pigmented-(a) and pale-(b) seedlings; n>60; vertical
bars represent £ 1 SE
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subscquent unilateral pulse decreases. Even the lowest fluence of BL applied from
above (0.033 pmol - “) in both batches of seedlings mduwd desensitization. The
highest fluence of BL applied from above (21 pumol - m ) completely desensitized
seedlings to the subsequent unilateral BL pulse (Fig. 4). Pale seedlings in this type of
experiment again exhibited a lower amplitude of response than the normally pig-
mented scedlings (Fig. 4).

Gravitropism measurements

The ability of hypocotyls of pale seedlings to exhibit curvature was tested by
exposing them to the constant 90 degrees gravity stimulation for 2 hours. Their response
was not different from the response exerted by normally pigmented seedling (Table 3)
to the same stimulus, suggesting that the mechanism of differential growth in pale
secdlings was not impaired.

Tab. 3. - Gravitropic response to constant 90 degrees stimulation for 2 hours of two
mudant phenotypes both R pre-irradiated. Values in the table are means + 1 SE; n>60

degrees of curvature

normally pigmented phenotype 128+£0.8
pale phenotype S 126+1.2
DISCUSSION

The results of this study indicate that carotenoids do not play a major role in
BlL-induced phototropism and desensitization in A. thaliana. Although the level of 10
carotenoids in pale mutant seedlings was 35-40 times lower than in WT-Col plants they
retained a WT sensitivity to unilateral BL and their phototropic response was only
about two times lower in amplitude (Figs. 1. and 3).

The fluence requirements for the initiation of first and second positive photo-
tropic response as well as for induction of two peaks and descending arm in the range
of first positive phototropism were similar in pale seedlings and normally pigmented
seedlings (Fig. 3. a and b). If any of the tested carotenoids were responsible for
perception of unilateral BL that results in curvature, then some (or all) of the features
of the fuence-response curve would be expected to move towards higher flucnces
according to the decrease in the amount of pigment(s).

Although carotenoids probably are not the photoreceptor pigments for photo-
tropism in Arabidopsts they do affect the amplitude of the phototropic response (Figs.
1. 3 and 4). In order to detect the direction of light stimulation and respond photo-
tropically, the seedling must detect the difference in absorption of light on its lighted
and shaded side. If carotenoids were a screening agent across the seedling then their
abscnce or decreased presence would result in lack of, or decrease in the light gradient.
Results describing lower response to unilateral BL of the pale mutant seedlings when
compared to the response of the normally pigmented scedlings (Fig. 3) are consistent
with such a role of carotenoids.

The data describing the diference in levels of carotenoids in ctiolated and
RL-irradiated seedlings of WT-Col seedlings also support the theory that carotenoids
may play a role as screening agents. One of the possible ways of enhancing the
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phototropism could be by increasing the levels of carotenoids in the tissue, resulting in
the steeper light gradient across the seedling. Higher levels of carotenoids are detected
in the RL pre-irradiated WT-Col seedlings than in the etiolated WT-Col seedlings
(Table 2). These results can be correlated with larger phototropic response of RL
pre-irradiated normally pigmented mutant seedlings when compared to the etiolated
WT-Col seedlings (Figs. 2. a and 3.a). Although these two strains differ genetically this
difference has not affected their first positive phototropic response (Fig. 2. a and b).
Moreover, seedlings of the Estland ecotype showed the same difference in magnitude
of phototropism with and without RL pre-irradiation (Janoudi and Poff, 1991).
Enhancement of phototropism by RL may be due to the increased carotenoid content
of the tissue (Figs. 2. a and 3. a).

However, there is a discrepancy between ratios of carotenoid levels in two
different phenotypes and amplitudes of their responses to unilateral BL pulses. The
explanation for this disagreement in the case of decrease of carotenoid content may be
that carotenoids are not the only compounds that absorb the light from the blue part
of the spectrum. When levels of carotenoids are very low, backscatter of light or the
other molecular species such as pterins might prevent the disappearance of light
gradient across the seedling which would result in complete absence of the response.
Another explanation could be that the ratio of carotenoids in light grown pale vs.
normally pigmented plants is not a good indicator of the ratio in etiolated tissue.
Therefore the light gradient across the seedling established due to a presence of some
molecular species that absorbs incident light although required, will not necessarily
determine the magnitude of phototropism.

Pale mutant seedlings also retained the ability to undergo desensitization. Ad-
aptation in phototropism of Arabidopsis seedlings includes: desensitization, refractory
period, recovery and enhancement (Janoudi and Poff, 1991). The complex shape
of fluence-response curve for phototropism has been proposed to be due to adaptation
(Poff et al, 1994). Fluence requirements for desensitization overlap with fluences
that induce enhancement. Thus plant is responding to the BL as a stimulus that induces
and enhances phototropism and simultaneously causes desensitization. Therefore,
response of a plant to a phototropic stimulation is a function of all components in both
induction and adaptation of phototropism. If carotenoids were responsible for the
perception of light that induces desensitization, pale seedlings would exhibit threshold
for desensitization changed corresponding to the changed amount of carotenoids.
Since similar fluence requirements for desensitization were exhibited by the pale and
normally pigmented seedlings (Fig. 4) suggesting that carotenoids probably are not
responsible for mediation of this process.

The quantities of individual carotenoids as a percentage of total amount of
carotenoids have not changed due to 1 hour of RL (Table 1). These results indicate
that the possible action of carotenoids in enhancement of phototropismis not mediated
by single molecular species which would require the increased amount of that pigment.

Some carotenoids are known 1o be synthesized in plant organs in the absence of
light (Britton, 1988). However, light is known to induce a large increase in caroteno-
genesis (Britton, 1988). For example, Oelmuller and Mohr have reported an
increase in B-carotene in milo seedlings grown for 72 hours under RL as opposed to
the plants grown in darkness (OeImuller and Mohr, 1985). We have measured
the difference in carotenoid content between pale seedlings and the WT-Col seedlings
in light grown tissue and related this difference to the magnitude of phototropism of
ctiolated seedling. The assumption is that the inductive effect of white light on
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carotenogenesis is equal in both tested phenotypes. This is supported by the fact that
the pale seedlings retain their sensitivity to BL (Fig. 3) and responsiveness to RL (Figs.
2.cand 3. b).

In summary, we report that seedlings with the pale phenotype from the popula-
tionof mutant Am45-3 have 35-40 times lower level of 10 tested carotenoids and exhibit
two times lower phototropism than the normally pigmented seedlings from the same
population. Pale seedlings retained their abiltiy to: undergo desensitization by BL,
exhibit RL-mediated enhancement of phototropism and respond gravitropically in the
WT fashion. Red-light-mediated enhancement of phototropism may be in part due to
the increase of carotenoid content in the tissue. On the basis of these data it is
concluded that carotenoids are not photoreceptor pigments for phototropism or
desensitization in A. thaliana although they appear to affect the amplitude of photot-
ropic response.
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ULOGA KAROTENOIDA U FOTOTROPIZMU KLIJANACA ARABIDOPSIS
THALIANA

'MSU-DOE Plant Rescarch Laboratory, Michigan State University, East Lansing,
USA
dedsn adresa: Institut za biolo§ka istraZivanja, Beograd, Jugoslavija

Mutant Arabidopsis thaliana (Am 45-3) koji je deficijentan u karotenoidima je
kori§¢en za ispitivanje uloge karotenoida u fototropizmu i adaptaciji. Klijanci mutanta
su bledi i sadrZe oko 2.5-3% koli¢ine karotenoida koji su prisutni u divljem tipu koji je
gajen na belom svetlu. Fototropski odgovor bledih klijanaca na plavu svetlost je bio
slican odgovoru divijeg tipa sem $to je amplituda odgovora bila manja. Bledi klijanci
zadrZali su svoju sposobnost descmitizacije plavom svetlod¢u kao elemenat adaptacije.
Ovi klijanci su takode pokazali povecanje fototropskog odgovora indukovano crvenim
svetlom. Povecdanje fototropizma je izgleda povezano sa pove¢anjem koliCine karo-
tenoida. Nasi rezultati su u saglasnosti sa zakljuckom da karotenoidi nisu fotorecep-
torni pigmenti za fototropizam ili desenzitizaciju iako prisustvo karotenoida utice na
amplitudu fototropizma i mehanizam njegovog povecanja kod 4. thaliana.
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Effect of ABA on root and shoot growth and stomatal conductance
was investigated in maize lines, selected for ABA content, using two
different systems. In the first experiment seedlings werg grown in Petri
dishes with ABA added in substrate (1 and 10 mmol m‘3). Results from
this experiment showed that exogenously applicd ABA inhibited growth
of both coleoptile and root but depending on concentration and genotype.
The biggest effect of ABA treatment on root to shoot ratio was evidenced
in high-ABA parent line Polj-17 being 1.6 fold bigger than in low-ABA
parent F-2. Those differences between progeny lines 167 B1 (high-ABA)
and 83 A5 (low-ABA) were less expressed. In the second experiment
solution of synthetic (+) ABA was fed to part of the root in aim to
manipulate xylem and leaf ABA content without changes in plant water
relations. These results showed that the increase in endogenous ABA
content (xylem and leaf) reduced leaf elongation rate (LER) and stomatal
conductance in all investigated lines. These results also showed existence
of genotype differences in sensitivity to ABA and proved that the most
sensitive reaction to ABA had high-ABA parental line Polj-17 in both
experimental systems.
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INTRODUCTION

Many results indicate that plant growth is the most sensitive plant process to
waler stress, especially in the initial phases when water deficit induces drop in turgor
pressure demonstrating that leaf growth could be reduced without any changes in the
leal water status (Michelena & Boyer, 1982; Passioura, 1988; Saab &
Sharp, 1989; Gowing et al, 1990). It become evident that changes in root
environment modify, not only amount of water moving from root to shoot (hydraulic
signal), but also the production of some chemicals (non hydraulic signal). Research of
the nature of this chemical proved that development of water deficit sensed by root
system induces production of abscisic acid (ABA) as a signal molecule (Davies et
al., 1987, Zhang, Shurr & Davies, 1987). Moving through transpiration
stream into leaves, ABA markedly influences the growth and development of shoot
(Trewavas & Jones, 1991). Recent studies have provided evidence that the
effect of exogenously applied ABA induces leaf growth inhibition (Zhang &
Davies, 1990 a, b).

Itis well know that different kinds of stresses (drought, low and high temperature,
salt, nutrients and waterlogging) increase ABA content in the leaves. Increasing ABA
content leads to many changes in plant physiology, which in general, make the plant
better adapted to environmental stresses (Quarrie, 1991). Selection on the basis of
ABA accumulation capacity was done with a spring wheat genotypes. Field trials with
plants from this selection program showed that high- ABA genotypes significantly
outyilded low-ABA genotypes in a water limited conditions Innes, Blackwell
& Quarrie, 1984). A similar selection programe has been carried out with maize
to produce recombinant inbred lines having significantly different leaf ABA content
under field conditions (Peki¢ & Quarrie, 1988). For the parental lines in this
selection programe (Polj 17 and F-2) it has been previously shown to differ consistently
in the responses of a range of traits to drought stress under both cabinet and field
conditions (Peki¢ & Quarrie, 1987, Quarrie, 1991). These response include
ABA content and yield: Polj 17 contents more ABA and is more drought resistant than
F-2. Recent measurement done with progeny plants didn’t prove such marked diffe-
rences in the field conditions, except at flowering time (P e ki ¢ et al,, 1995). Therefore,
it is still missing enough information to give reliable picture about physiological
consequences of genetic variation in ABA content. However, investigation of this
problem is in a progress and preliminary results indicate that there are differences in
rooting behaviour amongst genotypes. Therefore to elicit response of those plants
comparable to that caused by root sourced ABA in drying soil, we repeated Zhang’s
and Davies’s (1990a) ABA feeding maize roots experiment. The aim of this
experiment was fo determine whether genetic variation in leaf ABA content was
reflected in growth and stomatal responses to externally applied ABA.

Since our previous experiments (Stikié ef al, 1991) based on techniques
developed by Sharp et al., (1988) revealed differencesinin root and shoot growth
rates at Jow water potential between parental lines, we, also, wished to test for genetic
variation of growth responses to ABA at the seedlings stage in the progeny.
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MATERIALS AND METHODS
Cienotypes

The genotypes of maize (Zea mays L.) used for this work consisted of the inbred
lines Polj 17 (high-ABA) and F-2 (low-ABA) and progeny from the cross between Polj
17 and F-2: high-ABA hne 167 By and low-ABA 83 As. The two inbred parental lines
had previously been shown to differ by up to four-fold in leat ABA content under field
conditions (Peki¢ & Quarrie, 1988). The recombinant lines were classified into
high-ABA and low-ABA lines according to leaf ABA content in the 4 generation. The
difference in leaf ABA content means between these two populations and, also,
between high and low ABA lines used in this work is about four times (Pekié et al.,
1995).

Experiment with young seedlings

Sceds were germinated in wet vermiculite in dark at 25°C. Ten seedlings of each
genotype with radicles 3 cm long were placed into plastic Petri dishes (diameter 12 cm)
with vermiculite saturated with water (control) and different (+) ABA solutions (1 and
10 mmolm™ ) Pclu dishes were sealed with plastic sheets, placed vertically into dark
a1 25°C for 28" ¢ “oleoptile and root length was quickly recorded at dim green light by
marking the lid of the Petri dish.

ABA-feeding experiment with plants in 3 leaf stage

Seeds of investigated lines were germinated in John Innes No 2 compost in a
greenhouse, with temperature varying between 22-28°C (day) and 12-15°C (night). At
the one leaf- -stage were selected for uniformity and transferred in the growth cabinet,
where they remained under the constant conditions (d'\y and night temperatures 25
and 18°C, PAR 200 mmol m s and photoperiod 16"). In these conditions plant were
2rown until three-leaf stage, and than transferred (with attached soil) into 80 mm
diameter pots from which the bottom were removed and replaced with a piece of plastic
mesh (5 mm diameter holes). Pots were inserted into plastic beakers which were
blackened and contained 100 cm™ Hogland’s nutrient solution. Plants remained in these

conditions {approximately 10 days) until substantial amount of roots (about 20% of the
whole mass) was established outside the pot and dangling in the nutrient solution.

ABA-feeding was done with a following ABA concentrations: 10, 50 and 100
mmolm™ (synthetic ( +) ABA, Lancaster Synthesis, Morecambe. UK) previously shown
to affect growth and stomatal conductance in maize leaves (Zhang & Davies,
1990a). Stamrw 3 duys before and continuing 2 days after ABA- fudmgi length of two

clongating leaves on cach intact plant was deSUI‘Ld (by ruler) Lwry 24" At thu same
time (‘(1’ } measurements of conductance of the abaxial feaf surface were done with a
porometer (AP-4 Delta T Devices L'TD). Xylem exudates and leaf ABA sampies were
collected after 48" of ABA-feeding from the youngest mature leaves. Xylem exudate
was collected after shoots were detopped as have been described by Zhang and
Davies (1990a). After freeze drying ABA content was measured by RIA test
{Quarrie et al, 1988). For each treatment 4-5 plants per genotype were used.
Cirowth rate and conductance were calculated as a means of two leaves per plant.
Because of the variation in the leaf elongation rate (LER) and stomatal conductance
(gs) among genotypes these results are presented as percentages of control values.
These mrcunmocswerc calculated differently for LER and stomatal conductance. Leaf
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elongation rate is presented as percentage of the elongation rate before treatments
were given. Control values used in these calculations were the average rates of leaf
urowth during whole experimental period, while control values for stomatal conduc-
tance were from measurements done last day of experiment (48" after ABA feeding).

RESULTS
Experiment with young seedlings

Tab. 1 illustrates the effect of two treatments on coleoptile shoot and root growth
in four genotypes based on calculation of the growth rate in percentage of the growth
rate in control plants and root to shoot length ratio. Results show that in all genotypes:
a) ABA inhibited growth of both organs, b) effect of both concentrations was more
expressed on coleoptile than on root growth (cspecially in parental line Polj 17), and
c) cffect of the higher ABA concentration was more expressed and, consenquently,
induced increase in root to shoot ratio. The biggest effect of ABA treatment on root
to shoot ratio was evidented in high-ABA parent (the increase of 1.2 and 1.6 fold for
two ABA treatments in comparison to control). Genotipic differences in growth
responses to ABA were more expressed between high and low-ABA parents, compar-
ing to high and low-ABA lines. Thus root/shoot ratios at lower and higher ABA
concentration were 0.7 and 1.6 times bigger in line Polj 17 comparing to IF-2

Tab. 1. - Effects of ABA on young seedlings shoot and root growth rate (in % of
controls) and root to shoot ratio (R/S) based upon seedlings lengths in investigated
maize lines

ABA

o (mmol/m>) Polj-17 F-2 167B1 83As
0 100+ 16 100 + 14 100 + 19 100 + 14
Shoot 1 78+ 18 96+ 8 89+ 16 83+ 11
10 52+ 14 80+ 11 79+ 16 81+10
0 100+8  -100+13 S100+9  -100+ 14
Root 1 292418 -101+£20  -90+19  -88+12
10 -82+9  -92+18  -86+15 -78+ 11
0 1.755 1.473 2514 1.889
R/S 1 2.058 1.385 2.198 2.029
10 2.755 1.692 2.617 1.824

Experiment with ABA-fed root

The effect of ABA-feeding on leaf elongation rate (LER), stomatal conductance
and xylem and leaf ABA content are presented on tab. 2. Values of LER were
expressed as percentages of the rate before treatments because measurements of this
parameter showed that there were marked differences in growth habit between inves-
tigated lines. Thus, %rowth rate in controlled condition varied in a range of 1.28 (line
F-2)to 2.2 cmper 24P (line 167 By). Similarly variation of stomatal conductgnce values
under control conditions was between 58.7 (line 167 By) and 73.6 mmol m (line 83
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As). Expressing those results in relative, instead absolute valhies, allowed to distinguish
the effect of applied ABA and genotipic differences between investigated lines.

Tab. 2. - Effects of ABA feeding on leaf elongation rate (LER), stomatal conductance
(Gs), leaf ABA content and xylein ABA content in investigated maize lines

ABA
(mmol/m3) _ Polj-17 F-2 167 B1 83As
0 100+ 11 100+ 6 100 £6 100+ 4
LER 10 70+ 8 726 719 69+9
(% of control) 50 5546 62+ 12 57+11 61+7
100 49+5 43+ 5 52+9 61+5
0 100+ 12 100+ 12 100+ 8 100+ 4
Gs 10 61+8 48 t4 5511 71+ 11
(% of control) 50 55+7 47+7 52+£8 48+ 12
100 43+ 4 365 S1+7 355
0 1.55+03 1.29+0.2 1.21+0.1 1.46+0.3
Leaf ABA 10 1.89+£0.1 1.93+04 3.91+£0.7 3.23+0.6
(nmol/gdw) 50 227405 22101 4.19+0.2 433+04
100 682+07 333+04 6.80+ 1.0 5.78 +04
0 930+0.7 11.39£20 596+0.9 4.90x0.7
Xylem ABA 10 1492+3.0 26.70+50 98.20+£23.0 2540%3.0
(umol[’mg) 50 2510£4.0 37.60+£6.0 116.23+250 50.84+40
100 131.66 £9.0 137.30+23.0 140.40+20.0 _161.07+26.0.

The ABA treatment caused decrease in a leaf growth and stomatal conductance
in all investigated lines and this effect was, proportional to ABA concentration in
feeding solution. For example, 100 mmol m™~ ABA induced LER and stomatal reduc-
tion varying in different genotypes between 43-61% and 35-51% respectively.

Xylem and leaf ABA content increased with increasing concentration of applied
ABA indicating that those changes were sufficient to account for obsetved changes in
LER and gs. Maximal values of xylepn ABA estimated in 100 mmol m™ ABAsolution
were ranging from 6 to 140 mmol m ™~ (line 167 B1) and from 49-161 mmol m™ (line 83
As). Variation between investigated lines was also express?d on the leal ABA content
since these valugs varying between 1.3 to 3.3 nmol g DW™ (line F-2) and from 1.2 to
6.8 nmol g DW™ (line 167 By). Comparing to xylem ABA increase (mean increase 20
fold) those changes were less expressed in all investigated lines (mean increase 4 fold).

Relationship between LER versus the xylem and leaf ABA content is presented
onFig 1. (A and B). From these figures it can be seen that LER declined as xylem and
leaf ABA concentration increased. However, points corresponding to different geno-
types indicated different growth response to ABA. In the leaves of the parental lines
Polj 17 and F-2 the response of LER to both X)élem and leatf ABA had a biphasic
character. Initial increase (up to cca 30 mmol m™) of xylem ABA was followed by a
fast reduction of LER until a plateau of approximately 60% of LER was reached. When
the values of stomatal conductance were plotted against xylem and leaf ABA content
similar graph to LER was obtained (Fig. 2A and B). This figure also confirmed
genotipic differences in stomatal sensitivity to both xylem and leaf ABA content. Data
also showed that, not only LER but, also, stomata of high-ABA parental line had the
most sensitive response to xylem ABA.
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Fig. 1. — Relationship of leaf elongation rate (LER) to xylem (A) and leaf ABA con-
tent (B) in investigated maize lines Polj 17 (»), F-2 (O), 167 B1 (OJ), and 83AS (H).
Each point represents coupled values corresponding to one leaf
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tent (B) in investigated maize lines Polj 17 (), F-2 (O), 167B1 (OJ), and 83A5 (IE).
Each point represents coupled values corresponding to one leaf
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Comparison of linear regression lines (Tab. 3) for this initial phase between 2
parental lines showed that slopes of LER vs xylem ABA was 2.531 in line Polj 17 and
1.261 for line -2, while correlation coefficients were similar (0.895** and 0.802**).
Differneces in slopes for LER vs leat ABA between parental lines were less expressed
(26.88 for Polj 17 and 31.25 for F-2), while correlation coefficient was more significant
in line F-2 (0.80**) than in line Polj 17 (0.58*). The decline of LER vs xylem or leaf
ABA in the leaves of progeny lines was more gradual comparing to parental lines and
linear for the whole range of ABA values (correlation coefficient varying between
0.76** and 0.86**). Comparison of slopes for both regression (LER vs, xABA and LER
vs TABA) showed that high-ABA line had smaller slope of LER vs xylem ABA (0.32)
than low-ABA line (0.77) while there was no significant difference in the slopes of LER
vs leal ABA.

Tab. 3. - Correlation coefficients (r) and slopes (a) of linear regressions in maize lines

Polj-17 F-2 167B; 83As
LER vs xABA
r 0.89** 0.80** 0.86%* 0.80**
a 2.53 1.26 0.32 0.77
LER vs 1ABA
r 0.58* 0.80%* 0.79%* 0.76**
a 26.88 31.25 8.25 8.36
Gs vs xXABA
r 0.64* 0.82%%* 0.94** 0.77%*
a 2.02 1.87 0.39 0.35
Gsvs 1ABA
T 0.59* 0.77%* 0.85%* 0.96%*
a 30.64 43.85 10.09 15.79

*and **indicate the level of significance of correlation coefficient (at Pp.os and 0.01 respectively)

DISCUSSION

The results presented in this paper confirmed that exogenous ABA treatment
can modify growth both of the seedling and leaves and to change stomatal reaction in
different maize lines. Our results for relative root and shoot growth response of young
seedlings can be compared to data obtained in experiment with plants at similar stage
of development grown at low water potentials (Stiki¢ et al, 199]). Thus, mean

clongation rate for roots grown in ABA solution was about 1.33 mmh™ what is similar
to root growth rate found by Stikic et al, (1991) at different water potentials: 1.2
mm h™! at -0.0025 MPa and 0.6 mm h™ at -0.52 MPa. From the results of Saab et al.
(1990} differences in ABA content in the root and shoot may be expected to affect
relative growth rates under growth conditions. Measurements of endogenous ABA
content in roots and shoots of several maize lines (among them Polj 17 and F-2) in
experiment done by Stikié et al. (1991) revealed genotipic differences in root and
shoot growth responses to endogenous ABA. In only few genotypes under certain
drought treatments, both root growth and shoot growth responded to ABA as sug-
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gested by Saab et al. (1990) leading to the conclusion that genotypes may differ in
the sensitivity to ABA. Genotipic variability in growth responses to exogenous ABA
presented in this paper confirms that possibility. Thus, the most striking effect of ABA
on line Polj 17, in comparison to F-2 and other lines can be attributed to its greatest
sensitivity to ABA if we assume that endogenous ABA content do not differ from F-2
according to data from similar experiment (S tiki¢ et al, 1991).

Experiments done in the field and laboratory conditions have proved that feeding
of ABA 1o the part of an intact plant may be a convenient way to manipulate
endogenous ABA content and monitor physiological consequences (Zhang &
Davies, 1990a; Tardieu, Zhang & Davies, 1993). Experiments done by
Zhang & Davies (1990a) provided evidence that increased ABA content in
xylem sap of ABA-fed maize plants was root sourced and responsible for restriction of
leal growth and stomatal closure. Taking the results of these experiments as a reference
for the results obtained from our ABA feeding we can confirm large genotipic differ-
ences in LER and gs response to applied ABA. For example 60% of gs reduction in
Zhang andDavies’s (1990a) experiment (done with John Innes F1 maize hybridq)
was accompanied by an increase in xylem ABA content of aproximately 60 mmol m™.
Data from our experiment (Fig. 2A) showed that for similar gs reduction xylem ABA
concentration varyed between genotypes in a range of 11 to 90 mmol m™. Different
stomatal sensitivity to xylem ABA have been proved in several studies and led to a
model of stomatal behaviour in which the effect of xylem ABA is mediated by leaf water
status (Tardieu & Davies, 1993). However, in the ABA-feeding experiments
the xylem ABA mimics the root signal in drying soil and affects shoots independently
from the effects of leal water status. Thus, observed differences in stomatal sensitivity
of our lines could not to be due to water potential differences. Wolf, Jeschke and
Hartung (1990) studding long distance transport of ABA have shown that part of
ABA could be exported via phloem to the roots and than reciculated to the aerial parts
of the plants. However, investigation of effect of girdling on ABA export from the leaves
of parental lines Polj 17 and F-2 their progeny didn’t prove differences in phloem ABA
transport (Pekié et al, 1995). Differences found by measurements of some leaf
anatomical characteristics, such as xylem vessel area, between parental lines (Ris ti¢
& Cass, 1991) and their progeny (our unpublished data) inderectly indicate
possible genotipic differences in hydraulic conductivity of transpiration stream. Differ-
ences in chemical composition of xylem sap (ion content and pH) can also alter
sensitivity of stomata to ABA as have been proposed by Shurr and Golan (1990).
Zhang and Davies (1990a) results indicated that leaf ABA showed a relatively
inscnsitive response (compared to xylem ABA content) to applied ABA. Similarly to
Zhang’s apd Davies’s data (1990a) our results indicate that feeding plants with
100 mmol m™” ABA solution increase ABA content in the leaves maximally up to 6 fold,
and in the xylem sap up to 30 fold.

Resultsof Gowing, Jones and Davies (1993) indicated that conductance
of cherry leaves fed by ABA in pulses was more influenced by the amount of ABA
entering the leaf than by absolute xylem ABA concentration. This indicates that
stomata perceive a local concentration or apoplastic ABA content which is in dynamic
equilibrium between the rate of ABA arrived via xylem and rate of ABA removal by
partitioning into cells as a consequence of pH gradients (Hartung & Slovik,
1991).

The inhibiting effect of applied ABA on the growth of different plant parts is still
contraversal. Quarrie andJones (1977) in astudy of the effect of exogenous ABA
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in wheat growth reported that reduction of a leaf size was a result of an inhibitory effect
on both cell division and cell expansion. Results of Van Valkenburgh and
Davies (1983) indicated that ABA reduced cell wall extensibility, possibly by inhi-
biting proton pumping throughout the plasmalemma into the apoplast (Chen &
Kao, 1988). However, work of Munns and King (1988) refused that concept of
ABA signal and proposed that, at least in wheat, drought induced increase in an
another compound with antitranspirant activity. More recent results of Munns and
Sharp (1993) suggested that ABA is responsible for only part of the regulation of
leaf growth. They proposed that ABA moved in complexed form through the xylem
(ABA-adduct) and that this form is physiologically ineffective and have to be metabo-
lized in free form to affect some leaf processes.

In our ABA-feeding experiment the most sensitive growth and stomatal reaction
1o applied ABA was established for high-ABA parent Polj 17. FFor this line it has been
previously shown to be resistant in many drought related traits comparing to other
parental F-2line (Peki¢ & Quarrie, 1978,1988;Quarrie, 1991;Pekié etal,
1995). Root morphology also markedly differed between those lines both at the
seedling (S tiki¢ etal., 1991} and the maturity stage when the greater number of nodal
roots produced by Polj 17 was associated with a significantly higher root pulling force
than F-2 (Lebreton etal, 1995). Higher sensitivity of shoot growth and stomata to
increased endogenous ABA may be an adaptive response, particularly in condition
when mild stress induces synthesis of ABA as a root signal. Retardation of leaf area
development and partial closure of stomata together with the increase of R/S ratio
could be of some benefit in terms of water conservation. This ,strategy” may allow Polj
17 to avoid or delay transition to more severe stress and to enable growth even at
reduced rate. Such a hypothesis is supported by the ficld measurements of leaf area
and plant height which indicate that effects of drought is less expressed in Polj 17
comparing to another lines (unpublished data). Since investigated lines differ markedly
in leaf ABA content under field condition (Pekié et al., 1995), future work with
ABA-fed plant under field conditions will provide further evidence on genotipic
differences in sensitivity to ABA, their consequence for the overall drought response,
and possible role of differential sensitivity to ABA as a regulatory mechanism of plant
adaptation to water stress.
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RADMILA STIKIC, SOFIJA PEKIC, ZORICA JOVANOVIC, LORA LIUBOJEVIC,
LJILJANA PROKIC

GENOTIPSKE RAZLIKE U REAKCLJT KUKURUZA NA EGZOGENU
ABSCISINSKU KISELINU

Poljoprivredni fakultet, Univerzitet u Beogradu, Beograd, Jugoslavija

U radu je ispitivan uticaj ABA na rastenje korena i izdanaka i na provodljivost
stoma kod linija kukuruza selekcionisanih na sadrzaj ABA u dva eksperimentalna
sistema. Rezultati prvog ogleda sa mladim klijancima pokazali su da egzogeno dodata
ABA inhibira rastenje i koleoptila i Korena i to u razli¢itoj meri zavisno od koncentracije
i genotipa. U ogledu sa starijim biljkama (u fazi 3-eg lista) rastvor ABA je dodavanu
deo korenovog sistema sa ciljem da se modifikuje sadiZaj egzogene ABA u listu i
ksilemu pri optimalnom vodnom reZimu. Rezultati ovog ogleda su pokazali da je
povecanje sadrZzaja ABA u listu-ksilemu dovelo do redukcije brzine rastenja lista i
stomatalne provodljivosti kod svih linija, kao i da postoje genotipske razlike u
osetljivosti ovih procesa na ABA. Najveca osetljivost na ABA konstatovana je kod linije
Polj 17 u oba eksperimentalna sistema.
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lead on the activity of some enzymes of nitrogen metabolism in sugar beet
(Beta vulgaris I..). - Glasnik Instituta za botaniku i botani¢ke baste Uni-
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The subject of the study, a solution culture pot experiment, was the
effect of lead on nitrate accumulation, lead content, the activity of some
enzymes of nitrogen metabolism (nitrate reductase, glutamine synthetase,
and glutamate dehydrogenase), the content of chloroplast pigments and
the dry matter mass of young sugar beet pgants (lgem vulgaris 1., hybrid
NS-Hy 11}. The plants were treated with 10 or 10 M lead solutions. The
lead concentrations inhibited NR, GS and GDH activity and reduced
chloroplast pigments content, but not the nitrate concentration in the
leaves. Lead content significantly increased with an increase in lead
concentration in the nutrient solution, especially in the root, while the dry
matter mass of the above-ground plant parts and the root decreased.

Key words: Beta vulgaris L., lead concentration, nitrates, nitrate
reductase, glutamine synthetase, ghitamate dehydro-
genase, chloroplast pigments, dry matter

Klju¢ne reci: Beta vulgaris 1., koncentracija olova, nitrati, nitrat-re-
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INTRODUCTION

The availability of heavy metals in the soil depends on natural processes, espe-
cially on lithogenic and pedogenic ones, but also on anthropogenic factors (Filipin-
ski and Grupe, 1990).

Anthropogenic factors, such as industrial activity and mining (Woolhouse,
1983). sewage disposal (Zurera-Cosano and Moreno-Royas, 1990), traffic
(Sommer and Stritesky, 1976) etc, are the main factors responsible for an
increasc in the concentration of heavy metals in the soil.

Heavy metal-induced stress causes various direct and indirect effects on practi-
cally all physiological processes in plants (Woolhouse, 1983). The primary toxicity
mechanisms of heavy metals alter the catalytic function of enzymes (Van Assche
and Clijsters, 1990; Petrovié et al, 1990), damage cellular membranes (T u
and Brouillette, 1987) and inhibit plant growth (Lang et al, 1995). These
changes cause numerous secondary effects such as inhibition of photosynthesis (Lan g
et al,, 1995) and mineral nutrient uptake (Nunes et al., 1995), hormonal imbalance
and water stress (Barcelo etal, 1986; Kastori et al., 1993), different structural
and ultrastructural changes (Vasquez et al., 1987), etc.

A considerable number of authors think that heavy metals primarily inhibit
enzyme activity and/or cause structural changes in proteins, since they have the ability
to interact with proteins, especially structural ones, through their sensitive SH- or
histidil groups (Rauser, 1993). Having in mind that the enzymes of nitrogen
assimilation contain amino acids rich in sulfur, we thought it would be worthwhile to
investigate the effect of lead on the activities of some enzymes of nitrogen metabolism.

MATERIAL AND METHODS

Experiments with young sugar beet plants (Beta vulgaris L., hybrid NS-Hy 11)
were conducted in semi-controlled greenhouse conditions. Having been allowed to
germinate in the vermiculite, the seedlings were transferred into solution-culture pots,
on 1/2 Hoangland’s sohution, which has the following composition [mM]: 2.5 Ca(NO3)2;
2.5 KNO3; 1.0 KH2PO4; 1.0 MgSO4 - 7TH20 and [uM]: 21.3 B; 4.6 Mn; 0.38 Zn; 0.052
Mo; 0.15 Cu and 8.95 Fe as FeqinNaEDTA. Three weeks after this, the plants were
grown alternatively on 1/2 Hoangland’s solution and in the presence or 107 of 10°M
Pb, each turn lasting 24 h. The plants were grown in this manner for twelve days, after
which symptoms of the excess of lead became clearly visible. They were then picked
and the above-ground plant parts and roots separated from one another. The dry
matter mass of cach organ was determined after drying the samples at 70°C to constant
weight. Nitrate reductase {(NR) activity was determined in vivo, in phosphate buffer
(pH 74) (Hageman and Reed, 1980). The activity of the in vitro transferase
reaction of glutamine synthetase (GS) and NADH-dependant glutamate dehydro-
genase ((GDH) was determined in a common leaf extract accordingto Coombs and
Hall (1982). The lead concentration was established using atomic absorption spec-
trophotometry. The nitrate content was determined by spectrophotometric assay with
phenoldisulfic acid. The levels of chlorophyll 4, b and carotenoide content were
determined spectrophotometrically in the acetone extract of freshly harvested leaves,
using molar extinction coefficients according to Holm (1954) and von
Wettstein (1957).
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The results were statistically processed by calculating the lowest statistically
significant differences (LSD).

RESULTS AND DISCUSSION

The dry matter mass of the above-ground plant parts and roots decreased with
the increase in lead concentration in the nutrient solution (Fig. 1). The mass of the
above-ground plant parts was more negatively affected by lead than the root mass. This
was indicated by the ratio of the dry matter mass of the above-ground plant parts and
the dry matter mass of the root in the presence of the lead concentrations studied. This
ratio was 4.44 in the check {retment, and 3.79 in plants grown in the presence of higher
concentrations of lead (1()'3M). This suggests that the above-ground plant parts of sugar
been are much more sensitive to the presence of higher lead concentrations then the
sugar beet root, which is confirmed by the concentration of lead in the above-ground
plant parts and in the root. The concentration was much higher in the root, the mass
of which decreased to a smaller extent, than in the above-ground plant parts (Fig. 2).
Therefore, the deposition of Pb in the root may be considered a form of self-detoxifi-
cation on the part of plants. Different compounds and ions are involved in the
precipitation of Pb within plants, which is thus rendered metabolically inactive
(Kneer and Zenk, 1992).
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Fig. 1. = The effect of different lead concentrations on dry matter mass of the above-
ground plant parts (M) and roots () of young sugar beet plants.

The level of chlorophylls @ and b and carotenoids decreased in the presence of
lead in the nutrient solution, whereas the chlorophyll a: chlorophyll b ratio increased
(Fig. 3). In maize (G a§i ¢ etal, 1992) and cucumber (L dn g etal., 1995) Pb displayed
similar effect on chloroplast pigments content. A significant number of authors are of
the opinion that heavy metals inhibit chlorophyll biosynthesis by causing a decrease in
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Fig. 2. - The effect of different lead concentrations on lead content in the above-
ground plant parts (M) and roots ((J) of young sugar beet plants
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Fig. 3. ~ The effect of different lead concentrations on the content of chloroplast pig-
ments in young sugar beet plants: chlorophyll « (M) chlorophyll » (8). carotenoids
(0J) and chlorophyll a: chlorophyll b ratio ()
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the sum of reducing equivalents and ATP synthesis. This way, altering the activity of
RUBP-carboxylase, they indirectly effect the uptake and metabolism of CO2 (Ldng
etal, 1995).

The nitrate content in the leaves of sugar beet significantly increased with an
increase in lead concentration in the nutrient solution (Fig. 4). Nitrate content may
increase not only as a result of an excessive application of nitrates - it can also be caused
by numerous internal and external factors, such as environmental pollution with heavy
metals, which may also act as indirect inhibitors of photosynthesis and respiration
(Vale and Ulmer, 1972). Under such conditions the energy pool and the sum of
reductive equivalents necessary for nitrate assimilation are reduced. On a number of
occasions it has been shown that the majority of non-essential heavy metals inhibit the
activity of nitrate reductase, the key enzyme in the process of nitrate reduction
(Burzynski and Grabowski, 1984; Petrovié etal, 1990; Kastori etal,
1996). Besides, it is likely that Pb activates the transfer of one part of the nitrate from
the ,,metabolic pool” into the ,reserve pool” (O aks et al., 1989). '
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Fig. 4. - The effect of lead on NRA (0) and nitrate content (M) in the above-ground
parts of young sugar beet plants

NR activity in the leaves decreased with an increase in Pb concentration (Tab.
4). Similar results were obtained for Pisum sativium and Helianthus annuus, indicating
that Pb has a direct effect on enzyme synthesis (Sinha et al., 1988). According to
Burzynski and Grabowski (1984), lower lead concentrations in the nutrient
solution affect NR activity indirectly, probably through water stress, whereas the high
concentrations directly affect the proteins that build the enzyme structure.

A study of the Pb effect on the activity of nitrogen assimilation enzymes in the
feaves of Pisum sativum L. showed that NR was most sensitive to the presence of this
metal (Sinha etal., 1988).
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GDH activity in leaves was inhibited at both of the Pb concentrations applied,
thus inhibiting the reductive amination of o-ketoglutarate as well (Fig. 5). These results
are in agreement with previous observations regarding Pb-induced GDH inhibition in
maize (Kastori etal, 1993) and Cd-induced inhibition in Phaseolus vulgaris (V an
Assche and Clijsters, 1990).
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Fig. 5. -~ The effect of lead on GS (M) and GDH (0J) activity in the above-ground part
of young sugar beet plants

The presence of Pb had quite similar inhibitory effects on GS activity as well (Fig.
5). Results obtained with lead are similar to those obtained with Cd, which was also
shown to inhibit GS activity in sugar beet (Popovic etal, 1996).

In the majority of crops GS is present in two isozyme forms: GS; and GS3. [t was
suggested that isozyme GS2, which is present in chloroplasts, plays a role in the primary
ammonia assimilation and that its activity primarily depends on the amount of light
absorbed and the intensity of ATP synthesis (Mc Nally et al,, 1983). With respect
to this, it can be assumed that the inhibition of GS activily in the presence of lead is
likely a results of decreased ATP synthesis (LLda n g etal., 1995). According to the results
ol our study, it can be concluded that, either directly or indirectly, lead strongly affects
primary nitrogen assimilation. At the same time, the possibility that lead also affects
the uptake of nitrogen ions can not be excluded, either (Burzynsky and
Grabowski, 1984).

CONCLUSIONS

An increase of the lead concentration in the nutrient solution especially in-
creased the lead content in the leaves, whereas the dry matter mass of both the
above-ground plant parts and the root decreased.

The level of chloroplast pigments (chlorophylles @ and b and carotenoids)
decreased, but the chlorophyll a: chlorophyll b ratio was augmented following an
increase in lead concentration in the nutrient solution.
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The activity of nitrate reductase, glutamine synthetase and glutamate dehydro-
eenase in lead-treated plants significantly decreased, while the nitrate content signifi-
cantly increased.

As the enzymes of nitrogen assimilation contain amino acids rich in sulfur, our
results support hypothesis after which, in the first place, heavy metals effect functioning
of SH-groups and S-S bonds of enzymes.
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Rezime

RUDOLF KASTORI, NOVICA PETROVIC, IVANA ARSENIJEVIC MAKSIMOVIC

UTICAJ OLOVA NA AKTIVNOST ENZIMA METABOLIZMA AZOTA U
SECERNOJ REPI (BETA VULGARIS 1..)

Poljoprivredni fakultet i Institut za ratarstvo i povrtarstvo, Novi Sad

Ogledi su izvedeni u polukontrolisanim uslovima, u staklari, na mladim biljkama
Secerne repe (hibrid NS-Hy 11). Nakon naklijavanja u vermikulitu, ponici su prenetiu
posude za vodene kulture i gajene tri nulclie na 1/2 Hoangland-ovom hranljivom
rastvoru. Biljke su nakon toga ncu;'menlcno (po 24 sata) gajene na Hoangland-ovom

x
hranljivom rastvoru i u prisustvu 107 ili 10”°M Pb u toku 12 dana, odnosno do pojave
jasno vidljivih simptoma suviska olova.

Proucavano je dejstvo razlicitih koncentracija olova na aktivnost enzima meta-
bolizma azota: nitrat-reduktaze, ghutamin-sintetaze i glutamat-dehidrogenaze u
nadzemnim delovima biljaka. Pored toga, ispitivano je dejstvo olova na sadrzaj olova,
nitrata i pigmenata hloroplasta, kao i na masu suve materije nadzemnog dela i korena.

Na osnovu dobivenih rezultata moZe se zakljuciti da se pri povecanju koncen-
tracije olova u hranljivom rastvoru njegova koncentracija narocito znacajno povecala
u korenu, dok se masa nadzemnog dela i korena smaniila.

Sadrzaj pigmenata hloroplasta (hlorofila 4, b i karotenoida) se smanjio, a odnos
hlorofil « : hlorofil b povecao sa povecanjem koncentracije olova u rastvoru.

Aktivnost nitrat-reduktaze, glutamin-sintetaze i glutamat-dehidrogenaze sc¢
znacajno smanjila, a sadrZaj nitrata znacajno povecao u biljkama tretiranim olovom.

Imajuéi u vidu da enzimi asimilacije azota sadrze aminokiseline bogate sum-
porom, dobiveni rezultati potvrduju pretpostavku da teski metali prvenstveno uticu na
funkcionisanje SH- grupa i S-S veza u enzimima.
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Nikoli¢, R., Miti¢, N. (1995): Effect of cytokinins on shoot regenera-
tion from root explants of birdsfoot trefoil (Lotus comiculatus 1..). - Glasnik
Instituta za botaniku 1 botanicke baste Univerziteta u Beogradu, Tom
XXIX, 8§5-91.

The effect of three different cytokinins KIN, 2iP’ and BA at concen-
tration 0.2 and 0.5 mg " on shoot regeneration from root explants of
domestic birdsfoot trefoil (Lotus comiculatus 1..) cv. Bokor has investi-
gated. The significant differences in shoot regeneration and development
were found among the cytokinins tested. The high frequency of shoot
production was achived on the medium containing BA at 0.2 mg I, About
1000 plants were obtained from one root explant on the same medium
after 120 days of culture. The plantlets were regenerated directly from
root segments or via callus, depending upon the type of cytokinin used.
KIN and 2iP have provoked spontaneously root formation.

Key words: birdsfoot trefoil, eytokinins, root explant, shoot regenera-
tion

Klju¢ne reci: Zuti zvezdan, citokinini, eksplantati korena, regene-
racija pupoljaka
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INTRODUCTION

Lotus corniculatus L. (birdsfoot trefoil) is a tetraploid (2n = 24) (Wernsman
etal, 1964) perennial forage legume. It has softer stems, lower cellulose content and
more carbohydrates. This legume good grows on poor, acid and salt soils. Because of
its good nutritive composition and the other biological characteristics, today, birds foot
trefoil is wide-spread forage crop in the world.

This culture technology has been applied successfully to L. corniculatus. Fertile
plants were regenerated from calli of different explants: internode segments (O -
shinskyetal,1983;Orshinsky & Tomes, 1985;Swanson & Tomes
1980), anthers (Niizeki & Grant, 1971), leaves (Marioti etal, 1984) and
nodes (Tomes 1979; Pupilli et al. 1997) The plants also were obtained directly
from roots (Webb et al, 1986; Rybczynsl\l & Badzian, 1987) and leaf
explants (Webb etal, 1986).

In this study we investigate effect of three different cytokinins on shoot rege-
neration and development from root explants of birdsfoot trefoil cv. Bokor. This
cultivar was produced by a polycross method in the Centre for Agricultural and
Technological Research in Zajecar and it is well adapted to climate conditions of the
Timocka Km]ma region. The cultivar Bokor has good chemical composition (19.5%
albumens, 19.4% cellulose, 3.2% oil and 103.3 mg/kg B-carotene), stem height (50-55
cm) and it regenerates very fast after mowing,

The aim of this investigation is to establish efficient regeneration system to be
applied in vitro selection and genetic transformations methods in plant improvement
programs.

MATERIALS AND METHODS

Plant material

The seeds of birdsfoot trefoil (L. cornicudatus 1..) cv. Bokor, were surface steri-
lized in 20% sodium hypochlorite solution (20 min) and washed three times with sterile
destilated water. They were aseptically germinated on a 0.45% agar (SIGMA) MS
(Murashige & Skoog, 1962) medium, at 25 + 2°C under 16/8" photoperiod.
Non-meristematic root segments 5 mm long were excised from 6 days old seedlings.

Culture media and conditions

A basal medium of MS supplemented with 3% sucrose, 0.45% agar (SIGMA)
and (in mg It each): glycine 2, nicotinic acid 0.5, B1 1 and Be 1 was used.

Ditferent cytokinins, KIN, 2iP and BA at concentration 0.2 and 0.5 mg per liter
each were added in the media and pH was adjusted to 5.8 prior to autoclaving. Root
explants were grown in 100 ml erlenmayer flasks, containing 40 ml of the media. The
cultures were transfered every 20 days to the same, fresh medium. The regenerated
plantlets (2-3 cm height) were rooted on hormon free medium.

All cultures were kept at 25 + 2°C under white fluorescent light (47 wmol m"j‘s'l),
in a 16" day period.
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RESULTS

The shoot regeneration from root explants of cv. Bokor was compared to media
containing various cytokinins (KIN, 2iP and BA) at 0.2 and 0.5 mg per liter. The type
of cytokinin affected shoot regeneration and differentiation. The plants were obtained
directly or indirectly via callus.

The shoots were formed dﬁ rectly from root explants which cultured on medium
containing KIN (0.2 and 0.5 mg 1) 15 days after culture initiation (Fig. 1). The number
of produced shoots increased during the culture on the same media. No calli formation
was observed on media consisted KIN. The average number of shoots per explant was
lower and similar on both media (0.2 and 0.5 mg I KIN) (7.1 and 6.2 shoots after 60
days of culture, Tab. 1 and Tab. 2). Obtained plants had very elongated internodes (Fig.
2). The average height of plants was 7.3 to 7.6 cm and did not depend upon KIN
concentration. The most of plants formed well developed roots on these media.

Tab. 1. - Effects of three different cytokinins at concentration 0.2 mg [ Y on shoot
regeneration from root explants of cv. Bokor

Cytokinin No. explants Callus Shoot Average Average
formation regeneration No. of shoots plants height
(%) (%) per explant* (cm)
KIN 25 0 8(32) 7.1 7.3
2iP 17 13 (76) 3(23) 6.4 6.7
BA 22 20 (91) 17 (85) 62.0 3.6

*The data were recorded after two months of culture.

Tab. 2. - Effects of three different cytokinins at concentration 0.5 mg [’ L on shoot
regeneration from root explants of cv. Bokor

Cytokinin  No. explants Callus Shoot Average Average
formation regeneration No. of shoots plants height
(%) (%) per explant* (cm)
KIN 30 0 14 (47) 6.2 7.6
2iP 26 8 (31) 5(63) 5.5 7.6
BA 36 26 (72) 20(77) 41.0 2.8

*The data were recorded after two mounths of culture.

In contrast with the root explants on KIN media, on media supplemented with
2iP and BA, they produced shoots indirectly, via callus stage. Calli initially were
observed on both ends of root parts (Figs 3 and 5).

However, further regeneration process was different on 2iP and BA media. Calli.
produced on 2iP media, had lower organogenic abilities and they have grown very slow
in comparison to the calli on BA media. The average number of shoots from callus per
explant was 6.4 on 0.2 mg I”' or 5.5 on 0.5 mg I'' 2iP. The regenerated plantlets had
long internodes (6.7 to 7.6 cm stem height) (Tab. 1 and Tab. 2) (Iig. 4), and roots
formation were observed to, as well as the plantlets on KIN media.
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Iigs. 1. - Birdsfoot trefoil shoot regenerated directly from root explant on KIN (0.2
l'l) 15 days after culture initiation; 2. - Elongated plantlets 60 days old on KIN
(O 7 mg1); 3. - Organogenic callus formed from root segment on 2iP (0.2 mg I’ 1)
medulm after 15 days of culture; 4. — Plantlets with long internodes on 2iP
(02mgl ) 5. - Calli formed on root segment on BA (0.2 mg I’ 1) 6. - Organogemc
callus 20 days old on medium with BA; 7. - — Multiple plantlets onBA (0.2 mgl )
60 days after culture initiation
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BA was the most effective among the cytokinins tested. On media with BA well
developed organogenic, green calli were produced. They formed buds after 20 days of
culture (Fig. 6). The shoots number were increased rapidly with the time of culture. A
lot of buds were regenerated from calli obtained on medium with 0.2 mg I'" BA (62.0,
Tab. 1). BA at this concentration was more effective on shoot regeneration frequency
than BA 0.5 mg I (41.0, Tab. 2), and on an average 250 regenerants were produced
from one root explant after 90 days of culture. The regenerated plantlets had short
internodes and lower height than the plantlets obtained on KIN and 2iP media (Fig.
7). Rooting was not found and elongated buds were rooted on MS medium lacking
plant growth regulators. No abnormal plantlets were observed on all used media. Only
cultures which growed on medium with 0.5 mg ' BA produced red coloured pigment
in the medium.

DISCUSSION

Nitzeki & Grant (1971) first obtained the plants of birdsfoot trefoil in in
vifro conditions, using antheres as a explants. The cultivar Bokor was regenerated erlier
in in vitro culture (Nikolié, 1995) from apical buds of the seedlings and the whole
plants. The plants were obtained from calli on medium which was initially formulated
foralfalfa (Saunders & Bingham, 1972).

In the present study, the parts of roots had very good organogenic ability. These
explants regenerated shoots directly, or indirectly via callus, depend upon the type of
cytokinin used. Only KIN has favourized direct organogenesis, in contrast with the 2iP
and BA.

Rybczynski & Badzian (1987) first reported of L. corniculatus plant
regeneration from non-meristematic root segments. The organogenesis was direct,
without callus formation, on hormone free medium. So, no cytokinins needed for shoot
regeneration from roots, but the number of buds per one explant was small.

By using low concentration of cytokinins in the media, we found higher shoot
regeneration per explant and the shoot number was increased with the time of culture.
In this case BA at concentration 0.2 mg per liter, was the most satisfactory on buds
multiplication than KIN and 2iP. The other investigaters used also low BA concentra-
tion for shoots regeneration through calli frominternodes (Orshinsky etal, 1983)
and from the apical shoot or node (Tomes, 1979; Pupilli et al, 1992) reported
that BA was most effective cytokinin than KIN, and the number of shoots produced
per single node of three Lotus spp. increased during the culture on BA medium. Qur
results also confirmed theirs observation that the shoots never rooted on media
containing BA.

All these results indicate that the percentage of cultures which produced shoots
were not influenced by the presence of cytokinin in the culture medium. However, the
addition of a cytokinin, such as a BA, is necessary to increase the number of shoots
produced. Using BA (0.2 mg "), it would be possible to produce about 1000 plants
from a single root explant within 4 months of culture.

Therefore, in vitro propagation of L. corniculatus by root culture can be efficient
regeneration plant system to apply the in vifro selection and genetic transformation
methods (Webb, 1986; Armstead & Webb, 1987;Petit, 1987) in birdsfoot
trefoil breeding programs. By using these methods, it is possible to obtain cell lines and
plants with improved characteristics (resistant to disease, herbicides, salt tolerant etc.).
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Seeds of Gentiana cruciata are light requiring. Germination ix
darkness can be induced by gibberellic acid and N-substituted phtalimide
AC-94377. Gibberellin-induced germination takes place in a broade
temperature range (10-30°C) while hygocotyl elongation is more sensitive
to temperature with an optimum at 19°C. Additional percent of germina-
tion of light-induced seeds can be obtained by gibberellic acid and AC-
94,377 application but not by fusicoccin. Light-induced germination is
potentiated by potassium nitrate. However, the adition of potassium
nitrate two weeks after the onset of imbibition is ineffective whiie the same
treatment with gibberellic acid brings about an additional increase in
germination. Prolonged imbibition in darkness at 24°C decreases, while
at 4°C increases, percent of germination of light-induced seeds.

Key words: Gentiana cruciata, germination, light, plant growth sub-
stances

* Dedicated to Prof. Mirjana Neikovi¢ on the occasion of her 45th universary of scientific work
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Kljuéne redi: Gentiana cruciata, biljne supstance rastenja, klijanje,
svetlost

INTRODUCTION

Gentiana cruciata is Eurasian species which grows on dry meadows and pastures,
on sunny slopes, among bushes, and at forest edges up to 1500 m altitude mainly at
carbonate substrates. Like some other species of this genus, it contains bitter com-
pounds and for that reason it can be used as an alternate source of pharmacologically
important substances. In a popular medicine it is used as substitute for Gentiana lufea.
Specific bitter substances are found in all tissues of the plant and thus, whole plants are
collected, during blossoming, and used as a drug — Gentianae cruciatae herba. The fruit
contains numerous small seeds of ellipsoidal shape, up to 1.5 mm long with fine net
like seed coat of a dark color. In many species of Gentiana genus, the embryo is poorly
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Fig. 1. - The effect of gibberellic acid and AC-94,377 on the germination of Gentiana
cruciata seeds in darkness
Sceds were imbibed in GA3 (squares) or AC-94,377 (triangles) solutions and left in
darkness to germinate. Germination was scored 2 weeks after the onset of imbibition.
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Fig. 2. -~ The effect of constant temperatures on GA;3 induced seed germination and
hypocotyl elongation

Seeds were germinated in 1 mM GA3 solution (squares) and left in darkness at indi-
cated temperature. Germination was scored 3 weeks after the onset of imbibition.

IFor hypocotyl elongation (triangles) seedlings germinated in light at 25°C were trans-
ferred to corresponding temperatures and grown for additional period of time. At
the end of this period, hypocotyl length was measured. Each point represents the

mean value for 40 plantlets.

developed and some species require prolonged chilling to germinate (Nikolacva
el al., 1985). According to Kinzel (1913) seeds of G. cruciata are light-requiring. In
the present paper we have tested temperature requirements in differnet phases of
germination, as well as the effects of gibberellic acid, N-substituted phtalimide AC-
94,377 and fusicoccin on the germination of Gentiana cruciata seeds.

MATERIAL AND METHODS

Seeds of Gentiana cruciata were collected in October 1991 at the slopes of
mountain Koritnik near the village Krstec, Serbia, Yugoslavia. Plant material was
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Fig. 3. - The effect of KNO3 on light-induced germination of Gentiana cruciata seeds
Seeds were germinated either in distilled water (triangles) or in 10 mM potassium ni-
trate solution (squares) in light. Germinated seeds were counted every day after the
onset of imbibition.

taxonomically identified and saved in the Botanical Garden of the University of
Belgrade. Lots of 100 seeds were sown in 6 cm diameter petri dishes containing 2 ml
of distilled water or a substance to be tested and kept in darkness for 3 days at 25 or
3°C. Seeds were germinated a) in light; b) in light in the presence of gibberellic acid,
AC-94,377 or potassium nitrate; and c) in darkness i in the presence of gibberellic acid
or AC-94,377. The germination temperature was 25°C, except in experiments where
the influence of temperature was tested. In these experlments seeds were kept in
darkness at different constant temperature in a termostat with temperature gradient
(Autofrigor A.G., Ziirich, Switzerland). White light was obtained from fluorescent
tubes Tesla (20 W, 4500 K) at fluence rate 23,5 pmol m2s! and red light from
fluorescent tubes Philips (TL 20/15) combined with 3-mm plastic Rom & Hass filter
No. 501 at fluence rate 5,5 pmol m2s ™!, Gibberellic acid was purchased from the Sigma
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Company and AC-94,377 was obtained from American Cyanamide Company. All
experiments were repeated 3 times with four replicates. The data are means of pooled
results, and standard errors are not shown since they never exceeded 3%. Specific
experimental protocols are given in figure legends.

RESULTS AND DISCUSSION

Preliminary experiments confirmed that Gentiana cruciata seeds require light to
germinate (Kinzel, 1913). Germination in darkness can be induced by gibberellic
acid and N-substituted phtalimide AC-94,377 (Fig. 1). It is well known that exogenous
compounds can modify temperature requirements for germination (Reynolds and
Thompson, 1971). In blueberry seeds the range of optimal temperatures is wider
for (+A3- and AC- than light-induces seeds (Giba et al, 1993). The high percent of
germination of (. cruciata seeds induced by gibberellic acid was obtained at range of
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Fig. 4. - The effect of GA3 AC-94,377 and fusicoccin on light-induced germination of
seeds
Secds were germinated in 1 mM GAj solution (triangles), 1 mM AC-94,377 (circles),
distilled water (squares) or in 0.01 mM fusicoccin. Germinated seeds were counted
every day.
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Fig. 5. - The effect of delayed application of GA3 and KNO3 on light-induced germi-
nation
Seeds were imbibed and germinated in light and water for 3 weeks. At the end of
this period they were supplemented either with 1 mM GA3 (triangles) or 10 mM
KKNOj3 (circles) and left in light for indicated period of time. Germinated seeds were
counted every day.

temperatures between 10 and 30°C (Fig. 2). In G. lutea seeds temperature for high
sermination ranged from 19 to 24°C (unpublished data). Hypocotyl elongation of
germinated G. cruciata seedlings was more sensitive to tremperature with an optimum
at 19°C (Fig. 2). Continuous irradiation with red light induced germination up to 30%
after 14 days. Further irradiation did not increase percent germination. Incubation of
seeds in potassium nitrate solution, from the onset of imbibition, potentiated light-in-
duced germination (Thompson, 1969). However, in both cases the plateau was
reached after two weeks (Fig. 3). When the seed were incubated in gibberellic acid or
AC-94,377 from the onset of imbibition, rate and percentage of germination were
increased in light. Fusicoccin did not have this effect (Fig. 4). The same effect of
gibberellic acid is evident even in GA3 was added when the maximum of germination
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induced by light was reached (21 days). Interestingly, potassium nitrate which stimu-
lates germination when added from the onset of imbibition (Fig. 3) did not show the
same effect if its application was delayed like in case of GA3 (Fig. 5). Thus, stimulatory
ctfect of KNO3 was obvious only if it was present from the onset of light, while GA3
additionally induced germination in light regardless of when it was administered.
Similar difference between GA3 and potassium nitrate effects was found in the
germination of Paulownia tomentosa seeds (Grubi$i¢ and Konjevié, 1990).

Percent of light induced germination of Gentiana cruciata seeds was determined
by previous imbibition history. If the seeds were imbibed in darkness at 4°C for different
period of time prior to transfer to light, number of germinated seeds was increasing

germination (%)

0 7 14 21 28

imbibition time [days]

Fig. 6. — The effect of the imbibition time at constant temperatures on subsequent
germlnauon at 25°C
Seeds were imbibed in darkness at 4°C gmangles) or 25°C (squares) for indicated pe-
riod of time and then transferred at 25°C to red light. Germination was scored after
3 weeks. Another set of seeds (mrcles) was imbibed in darkness at 25°C for indicated
period of time, transferred at 4°C and left i in darkness for two weeks. After that pe-
riod, seeds were transferred to red light at 25°C and germination was scored 3 weeks
later.
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reaching the maximum after two weeks. On the countrary, the increasing time of
imbibition at 24°C gradually decreased percent germination ultimately inducing sco-
todormancy after two weeks. Subsequent exposure of these seeds to low temperature
for two weeks, prior to transfer to light, could overcome dormancy. The efficacy of low
temperature treatment was inversely proportional to the time of imbibition at 24°C
(Fig. 6).
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DRAGOLJUB GRUBISIC, ZLATKO GIBA, RADOMIR KONJEVIC

KLIJANJE SEMENA GENTIANA CRUCIATA L.

27

[nstitut za proucavanje lekovitog bilja ,,Dr Josif Panci¢”,
Institut za botaniku Biolo$kog Fakulteta i
Institut za bioloska istrazivanja ,SiniSa Stankovi¢”, Beograd, Jugoslavija

Semena Gentiana cruciata ne Klijaju u otsustvu svetlosti. Indukcija klijanja u
mraku se postiZze giberelnom kisclinom i N-supstituisanim ftalimidom AC-94,377.
Klijanje indukovano giberelinom se odvija u Sirokom temperaturnom opsegu (10-
30°C) dok je izduzivanje hipokotila osctljivije na temperaturu sa optimumom na 19°C.
Procenat klijanja svetlom indukovanih semena se moze povecati primenom giberelne
kiseline 1 AC-94,377, ali ne i fuzikokcina. Klijanje indukovano svetlo$cu je pospeSeno
nitratima. Medutim, dodavanje nitrata dve nedelje posle pocetka imbibicije ostaje bez
cfekta mada isti tretman giberelnom kiselinom dovodi do povecanja procenta klijanja.
ProduZena imbibicija u mraku na 24°C smanjuje, dok na 4°C povedava procenat
klijanja svetlom indukovanih semena.
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STEFANOVIC MILENKO, SVILKIC BILJANA, TOPUZOVIC MARINA,
STOJANOVICJOVANKA

UTICAJ SORTNOSTI I SKIAI)IgNIH TEMPERATURA NA
DOZREVANJE I DORMANCIJU PSENICE TRITICUM AESTIVUM L.

Institut za biologiju, PMF Kragujevac
Institut za strna Zita, Kragujevac

Stefanovi¢, M., Svilki¢, B., Topuzovi¢, M., Stojanovic¢, J. (1995):
Iffects of sort differences and storage temperatures on after ripening and
dormancy of wheat kernels of Triticum aestivum L. — Glasnik  Instituta
za botaniku i botanike baste Univerziteta u Beogradu, Tom XXIX,
101 - 105.

The effect of the two storage temperatures on the after ripening of
the two sorts of wheat (Florida 302 and K(G-65S) has been examined.

The differences between the two sorts of wheat have emerged as a
results of the temperature effect on the after ripening and the germination
has been examined at the begining of the experiment as well as after 45
and 90 days.

Key words: Florida 302, KG-65S, sort differences, storage tempera-
tures, afterripening, dormancy

Klju¢ne reci: Florida 302, KG-65S, sortne razlike, temperatura
skladiStenja, postZetveno sazrevanje, dormancija
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UvOobD

U periodu produZene Zetve, zbog duzih ki$nih perioda i visoke vlaZnosti, zrna
nckih sorata p$enice Triticum aestivum proklijavaju dok su jo§ na klasu. To negativno
utice na prinos i tehnolo§ku vrednost pSenice (Popovié, 1984).

Ova pojava je manje izrazena kod viSe dormantnih sorti u odnosu na manje
dormantne. Zbog toga se prilikomsetve posebna paZnja poklanja ne samo izboru sorata
ved 1 njihovoj usaglalenosti sa klimatskim faktorima sredine.

Otpornost dormantnih sorti na prevremeno proklijavanje uslovljena je postoja-
njem unutrasnjeg bloka u klijanju, koji nestaje nakon odredenog perioda mirovanja u
odredenim uslovima skladi$tenja. Vreme skladi$tenja zrna kod Zitarica poznato je pod
imenom postZetveno dozrevanje.

Dormancija i dozrevanje su geneticka svojstva koja odreduju sortne odlike, tj.
sortnost. Zbog sortnih genetickih razlika skladi§ne temperature dozrevanja mogu
ispoljiti razli¢ito delovanje na oba procesa (Toole, 1923; George, 1967).

MATERIJAL I METODE

U radu je ispitivan efekat temperatura dozrevanja na prekidanje dormancije kod
sorata pSenice Florida 3021 KG-65S. Uzorci ispitivanih sorti su uzeti odmah posle Zetve,
jula 1994. god. sa oglednog polja u Institutu za strna Zita u Kragujevcu.

Sortne razlike u strukturi klasa i boji zrna su bile osnovni kriterijumi za izbor
materijala. Iako obe sorte imaju beli klas, sorta Florida 302 poseduje klas sa prisutnim
osjem i belim zrnom, dok sorta KG-65S ima klas bez osja i zrno crvenkaste boje.

Ovrsena zrna ispitivanih sorti su podeljena u dve grupe i drzana na konstantnim
temperaturama dozrevanja od 5°C i 20°C u periodu od 90 dana. U tom intervalu
ispitivano je klijanje na 10, 20 i 30°C i to odmah posle Zetve, posle 45 dana posle 90
dana. Utvrdivana je srednja vrednost procenata klijalih semena i standardna greska
(SEmax = 1,7) u tri istovremeno postavljena ogleda.

Na osnovu dobijenih rezultata, koji su prikazani tabelarno, ocenjivan je efekat
skladi$nih temperatura na dozrevanje ispitivanih sorata.

REZULTATI RADA 1 DISKUSUA

Dormancija i dozrevanje su geneticka svojstva sortnosti, a oba procesa su kon-
trolisana i faktorima spoljaSnje sredine. Od genetickih faktora, sortne razlike u struk-
turi klasa (osje, plevice, boja i dr.) i odlike zrna (veli¢ina, oblik i boja) znatno mogu
ispoljiti efekat na jacinu dormantuog stanja i dozrevnaja (Wellingion, Dur-
ham, 1958).

Od spoljasnjih faktora, temperatura skladiStenja znacajno odreduje kako duZinu
tako i brzinu dozrevanja zrna, odnosno prekidanje dormancije (Larson, 1936).

Neke dormantne sorte Zitarica klijaju samo v uskom temperaturnom rangy, dok
sii van njega inaCe dormantne. Takve sorte poseduju takozvanu relativimu dormanciju
(Vegis, 1964).

Uovomradu je ispitivan efekat temperatura na klijanje zrna dve dormantne sorte
pSenice (Florida 302 i KG-655) kako u periodu Zetve (Tab. 1) tako i tokom dozrevanja
(Tab. 2).
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Tab. 1. - Klijanje zrna pSenice u periodu Zetve
Germination of wheat grains during harvest

Temperatura klijanja Florida KG-65S
- (°C o Klijanje %
T'emperature of germination Germination
10 45 91
20 1 77
30 0 1

Tab. 2. - Uticaj temperature skladistenja i duzine dozrevanja na klijanje zrna pienice
Effect of temperature storage and length afterripening on germination of wheat grains

Florida KG-658

Duzina skladi$tenja (dani)
Length of storage (days)

Temperatura Temperatura
skladistenja (°C)  klijanja (°C)

Temperature Temperature 45 90 45 920
of storage of germination Klijanje (%)
Germination

10 59 80 95 92

5 20 13 39 91 92

30 4 38 0 66

10 81 93 97 94

20 20 25 70 62 99

30 3 62 56 96

U Tab. 1. rezultati pokazuju da obe sorte poseduju relativinu dormanciju jer bolje
klijaju na izabranoj najniZoj temperaturi (10°C), kroz period od 12 dana trajanja
ogleda, dok je dormancija ispoljena na vi$§im temperaturama (20 i 30°C). Sorta Florida
302 je bila dormantnija od KG-655, jer je njeno klijanje bilo vi§e inhibirano ne samo
na temperaturi od 10°C, veé je potpuna inhibicija klijanja ispoljena i na temperaturi
od 20°C. Mada uslovno, ovakav podatak nije saglasan sa ¢injenicom da su sorte sa
pigmentisanom semenjatom (crvena zrna) dormantnije od onih sa belim zrnima
(Bewley, Black, 1982).

Odmah posle Zetve, kroz period od 90 dana, ispitivano je dejstvo dve izabrane
temperature skladiftenja (5 i 20°C) na duZinu dozrevanja zrna ispitivanih sorti. U
intervalima posle 45 dana i posle 90 dana, uzorci su istovremeno postavijeni da klijaju
12 dana na tri temperature. Rezultati su dati u Tab. 2.

Otigledno je da postoje znacajne razlike u delovanju dve izabrane skladi$ne
temperature, pri ¢emu je skladi§na temperatura od 20°C bila efikasnija u klijanju zrna
obe sorte, u odnosu na nizu temperaturu od 5°VC. Njihov efekat je bio srazmeran
duZini dozrevanja, ali obrnuto srazmeran sa temperaturama klijanja.

Pored toga, postoje znacajnije razlike medu sortama prema efektu skladi$nih
temperatura na duzinu dozrevanja. Dok je za sortu Florida 302 za prekidanje dorman-
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cije bilo potrebno dozrevanje od 90 dana na temperaturi od 20°C, kod sorte Kg-65S je
bilo dovoljno samo 45 dana i to na temperaturi skladiStenja od 5° iC.

Podaci u ovom radu su potvrdili ¢injenicu da medu ispitivanim sortama postoje
razlike ne samo u postZetvenoj dormanciji, veé isto tako i u specifitnom efektu
temperature u kontroli dormancije i postZetvenog dozrevanja. Iz podataka se vidi da
su za dozrevanje pSenice povoljnije vi$e temperature skladiftenja, dok je klijanje bilo
efikasnije na niZim temperaturama.

ZAKILJUCAK

~ Ispoljeni efekti dve skladiStene temperature na dozrevan]e su bili razliciti.
D

Brzina dozrcvama zrna svih ispitivanih uzoraka bila je veéa na temperaturi od 20°C,
nego na 5°C.

- Bez obzira na temperaturni rang skladiStenja dozrevanje je direktno zavisno
od duZine skladiStenja.

- Efekti tri klijajuce temperature (10, 20130°C), su pokazali da su semena manje
dormantna na niZim temperaturama dok je dormancija vife ispoljena na visokim
temperaturama.

—Od svih ispitivanih uzoraka sorta Florida je bila najviSe dormantna, a KG-655
najmanje dormantna.
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Summary

STEFANOVIC MILENKO1 SVILKIC BILJANA, TOPUZOVIC MARINA,
STOJANOVICJOVANKA

EFFECTS OF SORT DIFFERENCES AND STORAGE TEMPERATURES ON
AFTER RIPENING AND DORMANCY OF WHEAT KERNELS TRITICUM
) AESTIVUM 1.

[nstitut za biologiju, PMF Kragujevac
Institut za strna Zita, Kragujevac

The post-harvest ripening of cereal is a mechanism enabling the existence of
dormancy in kernels and a condition for its cease. The dormancy and the after ripening
arc the temperature depending processes changing in the function of time.
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The kernels of the examined sorts immediately after the harvest are less dormant
if the germination takes place at the temperature of 10°C while the relative dormancy
appears at higher temperature of germination (20 and 30°C).

The after ripening period at the chosenstorage temperatures differs and depends
on time and temperature.

Although, in dependence on time, the higher storage temperature is more
efficient in after ripening and dormancy cease with the both sorts, there are consider-
able sort differences refering to the effect of the storage temperature on the after
ripening duration. For the dormancy cease of the Florida 302 the after ripening lasts
90 days at 20°C while the germination needs 45 days of the after ripening even at 5°C.







GLASNIK INSTITUTA ZA BOTANIKU I BOTANICKE BASTE UNIVERZITETA U BEOGRADU
BULLETIN DIZ IINSTITUT ET DU JARDIN BOTANIQUES DE L'UNIVERSITE DE BEOGRAD
Tom XXIX, 1995, Beograd

UDC 588.7:582.998.4(497.11)
Original scientific paper

SLADANA JEVREMOVIC, LIILJANA RADOJEVIC

IN VITRO PLANT REGENERATION FROM STEM SEGMENTS OF
SEVERAL CULTIVARS OF CHRYSANTHEMUM (CHRYSANTHEMUM
MORIFOLIUM RAMAT.)

Institute for Biological Research ,SiniSa Stankovic”, Belgrade

Jevremovic, S., Radojevic, Lj. (1995): In vitro plant regeneration from
stem segments of several cultivars of chrysanthemum ( Chrysanthemum mori-
Jolium Ramat. — Glasnik Instituta za botaniku i botanicke baste Uni-
verziteta u Beogradu, Tom XXIX, 107 - 114.

Plant regencration of Chrysanthemwum morifolium Ramat. cvs.:
LFanshine Improved”, ,Pink Snowdon”, ,Klondike”, ,Yellow Spider”,
~Rivalry”, . Crimson Robe”, ,Bronze Mundial” and ,,;Tom Pierce” using
nodal and internodal segments was obtained. Stem segments were cul-
tured on MS mineral solution (Murashige and Skoog, 1962) con-
taining 3% sucrose, 0.7% agar and (in mgL.™ ): inositol 100, nicotinic acid
10, By 30, adenine sulphate 80 and tyrosine 100. This basal medium was
suppltmenltd with varying concentrations of indole 3-acetic acid (IAA,
0.1-0.5 mgl’ ) and benzyl aminopurine (BAP, 1 mglL’ 1) Shoot multipli-
cation takes place also on the same medium. Shoots yeild (19.2-90.0%)
and average number of shoots per explant (2.4-8.6) were affected by the
cultivar and medium. Micro shoots were on basal hormone free medium
with 1% sucrose and 1/2 MS mineral solution successful rooted. Micro-
plants 10-12 cm tall were transferred into pots, during spring, after 5-6
months plant flower evocation was observed in all plants.
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INTRODUCTION

Chrysanthemum morifolium Ramat. (Asteraceae) is a complex hybrid derived
from several species that grow wild in China and Japan. This species is one of the three
most important cut flowers in the world. Chysanthemums grown from seed are hetero-
geneous and are usually propagated by cuttings (Cathey, 1968). In vitro plant
regeneration of Chrysanthemum has been reported earlier by Hill (1968), Roest
and Bokelmann (1975), Sangwan et al, (1987), Lu et al, (1990), Bhat-
tacharya etal, (1991) and others using different explants and media. There was no
reports about in vifro tissue culture of chrisanthemum cultivars that we used in our
experiments. This paper describes protocol for plant regeneration of 8 cultivares of
chrysanthemum that has been commercially cultivated in our country.

MATERIALS AND METHODS

Stems of Chrysanthemum morifolium Ramat. cvs. ,Fanshine Improved”
(.FT”), Pink Snowdon” (,,PS”), ,Klondike” (,K”), ,,Yellow Spider” (,,YS”), ,Rivalry”
(.R”), ,.Crimson Robe” (,,CR”), ,,Bronze Mundial” (,BM”) and ,,Tom Pierce” (,TP”)
were prepared for tissue culture by method that were previously reported Rado-
jevic etal (1987).

Nodal and internodal stem explants (0.3-0.5 cm) of flowered shoots were culti-
vated on A and B medium. Basal medium (BM) contained MS mineral solution
(Murashige and Skoog, 1962), 3% sucrose 0.7% agar and (in mgL""): inositol
100, nicotinic acid 10, By 30, adenine sulphate 80 and tyrosine 100. This basal medium
was supplemented with two concentrations of indole 3-acetic acid (IAA) and benzy}
aminopurine (BAP). Medium A was BM medium suppiemented with IAA 0.1 mgl.”
and BAP 1.0 mgL‘l and medium Bwas BM with IAAG.S mgL'l and BAP 1 mgL’l, pH
5.8. Shoot multiplication was on same media.

Shoot rooting was on C, > and ¥ medium. The C medium contained MS mineral
solution (Murashige and Skoog, 1962), 1% sucrose 0.7% agar and (in mgl " ):
inositol 100, nicotinic acid 10, pantotenic acid 10, By 2, Bg 1, adenine sulphate 80 and
tyrosine 100, pil 5.8, Medium D was same as C only with 1/2 MS. Medium E was as
medium C supplemented with NAA 0.02 mgL'. Rooted shoots of chrysanthemum
were grown in greenhouse since flowering.

RESULTS AND DISCUSSION

Stem segments of chrysanthemum cultivars used in this work have different
morphogenetic responses. Internodal segments first formed callus and then adventi-
tious shoots (Fig. 1). Nodal segments develops axially buds while at the cutting sides
callus appeared and then adventitious shoots are formed axailly (Fig. 2).

Morfogenetic responses of segments on A and B medium are represented in Tab.
L. Itis evident from experimental results that the greatest morfogenetic response give
ov. ,CR” (90%) and the lowest 19.2 cv. |FI” on medium A (Fig. 3). Multiplication of
shoots was by formation of axially and adventitious buds. Index of mutliplication is
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represented also in Table 1. Medium A was better [or propagation cvs. FI7, ,PS”, K",
SYW? and [TP” but, medium B was better for cvs. ,R”, ,,CR” and ,,BM” (Fig. 4, Fig.
5).Wanbugu and Rangan (1981) has been reported that BAP in low concentra-

tions induced multiple shoots and the presence of auxins did not significantly enhance

the morfogenetic response. Previously, Earle and Langhans (1972) observed that
higher concentrations of cytokinins favoured multiple shoot development. We used as
cytokinin BAP in high concentration 1 mg,L'1 and only in combination with auxin (IAA,

0.5 mgl 1) desirable results are obtained (Radojevic etal, (1994). Lu C tal. (1990)

used NAA as auxin in multiplication medium and concentration of 1 mgil ! was more

effective than lower and higher concentrations (0.2, 0.5 and 2.0 mgL™ NAA). Our
results suggests that higher concentrations of IAA (0 Smgl) Slg,mflumtly increase
multiplication (3.6) index of shoots only in cv. ,R” on medium with 0.1 mgL [AAto

8.6 on medium with 0.5 mgL IAA. L u et al (1990), after hormone treatment

transferred explants to hormone free shoot elongation medium. In our case, this

transfer is not needed, because plantlets grow fine on these combinations of auxins and
cytokinin.

Tab. 1. — Effect of medium composition on morfogenetic response and shoot
mudtiplication of chrysanthemum

CULTIVAR MEDIUM (hormones in mgL'l) % of exsplants that multiplication

A=BM + 0.1 1AA + 1.0 BAP  forms shoots index

, B =BM + 0.51AA + 1.0 BAP

TEP A 19.2 34+14
B 20.0 3.1+05

"PS” A 40.0 28+0.6
B 66.7 23+02

7K” A 50.0 34+0.1
B 70.0 28+0.1

"YW” A 50.0 44+0.06
B 30.0 36+13

"R” A 20.0 3612
B 30.0 8.6+23

"CR” A 90.0 29+03
B 66.7 33+1.0

"BM” A 20.0 3.0+£07
B 60.0 3.8+22

TP A 30.0 25+£02
B 36.4 24+04

Microshoots (3-5 cm) were cultivated on rooting medium (C-E). The results
obtained from three different rooting media (represented in Tab. 2) showed that
number and length of roots depended of cultivar and medium. Rooting was the best
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on D mediumwith 1/2 MS where number and length of roots was highest in all cuhi\v ars
{Fig. 6). This results are similar as those descr ibed byBhattacharya etal (1990)

where half strenght M5 medium was betier than White’s modified media. Medium
supplemented with 0.02 mg}j} NAA was proved to be less effective than MS hormone
free medium.

Tab. 2. - Chrysanthemum rooting on indicated media

CULTIVAR MEDIUM (hormone in mng) Average N” Average
C=MS; D =12MS; of roots length of
E =MS + 0.02 NAA per plant roots (mm)
"F1” C 3525 723+ 174
D 43+19 175.7+63.9
E 41+24 8231428
"PS” C 74+19 67.3+273
D 126 £3.5 120.4 £ 20.8
E 95+3.2 97.5+20.6
7K C 26+13 91.7£56.9
D 6.8+3.2 123.8 £40.1
E 51+28 110.5+48.8
YW C 34410 526+ 16.7
D 35+12 117.5+£23.8
E 20+038 75.5£15.1
"R” C 1.0+£03 6.0+ 2.1
D 32+1.1 822+172
E 1.21£05 83+ 23
TCRY C 44£25 61.5+£284
D 57+22 133.3+£293
E 4.6+2.8 56.5+22.2
"BM” C 64+35 6.2 £ 90
D 48+22 1517 £ 85
E 33+24 3244198
TP C 87+24 483+ 105
D 165+2.6 75.8£51.8
E 84+27 62.0£31.5

Microplants about 10-12 c¢m tall were transferred into pots, during spring
Acclimatisation was achieved in cv. ,FI”100% cv. ,PS” 95%, cv. ,K” 100%, cv. . YW
98%, cv. ,R” 96.5%, cv. ,CR” 95.3%, cv. ,BM” 98% and cv. ,TP” 99% ’Fw 7). Plant
development was normal and phase-change was induced after 5-6 mounts as seedling
plantlets (Fig. 8). Phenotypic characters were the same as the donor explants.
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Iigs. 1-5. = Micropropagation of Clirysanthemum morifolium in stem segments cul-
ture: 1. - Calus Iorm(mon of internodal segments cv. [TP” 7-days in culturc - Axi-
ally bud of ev. [TP” developed on mtcrnodal segment 7-days in culture; 3. - Stem
segments of chrysanthemums cvs. JFI7 (1), ,,I’S‘” (2), K (3), .YW” (5) and .BM”
(1 a) one mounth after initiation of culturL 4.~ Shom multiplication of ¢v. ,, Tom
Pierce” on A medium (BM + 1 mgL IAA + 1 mgl. 3/\]’), 5. = Shoot multiplica-
tion of ev. Rivarly” on B medium (BM + 0.5 mgl IAA + 1 mglj1 BAP)
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Figs. 6. - 8. — Micropropagation of Chrysanthemum morifolium in stem segments cul-
ture: 6. - Shoot rooting of chrysanthemum cv. ,TP” on D medium (MS 1/7) 7. - Ac-
climatized plant of ev. ,F17; 8. — Flowered plams of chrysanthemum cv. K7 in
greenhouse



GLAS. INST. BOT. | BASTE UNIV. U BEOGRADU, 29, 107 - 114, 1995(1997).
SIEVREMOVIC, LI RADOJEVIC: IN VITRO PLANT REGENERATION 113

In present paper, we reported efficient, plant regeneration protocol of 8 cultivars
of chrysanthemum by culture of stem segments. In conclusion, on this paper a new and
cfficient micropropagation protocol for cv. JFI”, ev. ,PS” ev. K7, ev. YW” cv. R”,
ov. ,,CR”, v, ,BM" and cv. ,[TP” cultivars are achieved, being, the method also a new
alternative for measurement the propagation procedure for ev. JFI7, cv. [PS”, v, K7,
o YW ens R, e, . DR”, cv. . BM” and ¢v. ,,TP” which has been previously described.
The large numbers of shoots produced per explant and uniformity of regenerating
plants make this system an ideal (ool for chrysanthemum propagation, and a promising
system for cryopreservation and the genetic manipulations.
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Rezime

SLAPANA JEVREMOVIC, LIILIANA RADOJEVIC
REGENERACLJA BILJAKA PRIMENOM KULTURE IN VITRO SEGMENATA

STABLA KOD NEKOLIKO KULTIVARA HRIZANTEME (CHRYSANTHEMUM
MORIFOLIUM RAMAT.)

Institut za biolo$ka istrazivanja ,,Sini$a Stankovi¢”, Beograd
)}

ProuCavana je regeneracija biljaka Clhrysanthemum morifolium Ramat. cvs.:
JJFanshine Improved”, ,Pink Snowdon”, ,Klondike”, ,Wellow Spider”, ,Rivalry”,
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LCrimson Robe”, . Bronze Mundial” i ,,Tom Pierce” u kulturi nodalnih i internodalnih
segmenata stabla. Eksplanti su gajeni na MS hranljivoj podlozi sa minerainim

rastvoromMurashige iSkoog, (1962) 3% saharozom, 0,7% agaromi (u mgl. ™ ):
inozitol 100, nikotinska klsclma 10, B1 30, adenin sulfat 80 i tirozin 100 indol 3-sircetna
kiselina (1AA, 0,1-0,5 m;DL ) i benzil aminopurin (BAP, 1 mgl, ) UmnoZavanje
izdanaka je postignuto na istoj MS hranljivoj podlozi. MOrfogenetskl odgovor eksplan-
tata (19,2-90,0%) kao i prosecan broj izdanaka po eksplantatu (2.4-8,6) zavisili su od
kultivara i hranljive podloge. Najbolje oZivljavanje ,mikro” izdanaka je bilo na MS
podlozi bez hormona sa 1% saharozom. Biljke, veli¢ine 10-12 c¢m, odgajane su u
uslovima staklare. Aklimatizacija ,,mikro” biljaka se odvijala u prolece 1 iznosila je
95-100% u zavisnosti od sorte. Posle 5-6 meseci biljke hrizanteme su cvetale i imale su
istu boju cveta kao biljke donori.
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Shoot cultures of cv. Desiree were established from five different
sources and were maintained on MS medium, without phytohormones.
The addition of adenine sulfate provided higher number of internodes.
One of five clones was virus-free, according to FLISA test. That clone,
designed as PKB, was used for transformation. Transformed roots were
obtained by inoculating shoot segments with Agrobacterium rhizogenes
A4MT0 GUS. Hairy roots appeared in 90% of explants. The transforma-
tion was confirmed by assaying the activity of - glucuronidase enzyme.

Key words: Solanum tuberosum 1.., potato, micropropagation, Agro-
bacterium rhizogenes, B-glucuronidase.

Kljuéne reci: Solanum tuberosum 1., krompir, mikropropagacija,
Agrobacterium rhizogenes, B-glukuronidaza.
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INTRODUCTION

Potato (Solamwum tuberosum 1..) is one of the most important food crops in the
world. Some genetic characteristics of potato including polyploidy, self-incompatibility
and high heterozigosity make application of classical breeding methods difficult in this
species. Techniques of genetic engineering via Agrobacterium mediated transformation
offer interesting oportunities according to which certain useful traits can be directly
introduced into economically important potato cultivars.

[tis well known that soil bacteria Agrobacterium tumefaciens and A. rhizogenes,
can induce appearance of crown galls and hairy roots in many plant species. Bacteria
can transfer specific regions of their Ti plasmids, (T-DNA) into the genome of plant
cells (Hoemaka et al., 1984). This natural gene-transferring system, was exploited
to transform many plant species, including potato (Zambryski etal. 1983., An el
al., 1986). In recent years, many reports have been dedicated to transformation of
various potato cultivars.

Ooms etal., (1983) were first to report transformation of potato cv. Moris Bard.
They studied the appearance of tumors which appeared after wounding and inoculation
of potato shoots with A. tumerfaciens. Galls (tumor) tissue could regenerated shoots
and roots. Shoots manifested lysopine dehydrogenase activity (LpDH) which is a
positive sign of transformation. When these shoots were grafted uppon stems of normal
plants they could form stolons and within three months tubers. Among the shoots
regenerated from galls authors detected a number of shoots with abnormal morphology
and chromosome number. In the further study, the same authors (O o ms et al., 1987),
refined transformation method with A. fwmefaciens and obtained morphologicaly
normal transgenic plants of cv. Desiree.

Ooms etal., (1985) also studied transformation of cv. Desiree withA. rhizogenes
and showed that Ri plasmids also can be used as a vector to introduce genes via Ri T-
DNAinto potato. Shoots inoculated with the bacteria developed abundant roots which
were further cultured and studied. Shoots were regenerated from callus which deve-
loped on root cultures. Transformed plants distincly differed from untransformed
potatoes. Growth of the transformed plants was more vigorous but the final size of
plants and tuber vield were similar.

Shahin and Simpson (1986) developed a transformation system in which
lcal dises were cocultivated with disarmed (non oncogenic) LBA4404 A. nunefaciens
contained binary vector pARCS with Nos/Npt gene. Transformed nature of plants was
assayed by neomycin phospho-transferase I activity.

‘Tuber slices were used as explants {or potato transformation with A. rumefaciens
inworkof Sheerman and Bevan (1988). Shoots appeared within 4 weeks without
intervening callus stage. Shoots were first rooted and then screened for transformants
on medium supplemented with kanamycine. They worked with Desiree cultivar and
out of 200 independant transformants only one was morphologicaly different from
parental types. At the same time Stiekama et al, (1988) also presented a study on
transformation of Bintje and Desiree using disarmed binary A. tumefaciens LI3A 4404/
pBi121 vector system. Expilants for inoculation with bacteria were tuber discs from
which shoots were efficiently regenerated and rooted. In this case, transgenic plants
were assayed with GUS test.

Besides the experiments of potato transformation with 4. ftumefaciens strains,
different 4. rhizogenes strains were used too. De Vries-Uijtewaal etal, (1988)
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studied transformation of monohaploid and diploid genotypes with A. tumefaciens
LBA1020 and A. rhizogenes LBA 9402, both containing the Ril1855 plasmid. Transfor-
mation efficiency was generaly higher in diploids than monohaploids. Hanish ten
Catc et al, (1988) obtained transformed root lines of Bintje and Desiree with the
LLIBA 9402 and AR 15834 using leaf segments and tuber discs as explants. Shoots were
induced from roots but even more from compact green callus adjoining roots. However
only 10% of transformed root lines could regenerate shoots. Transgenic Ri-Desiree
plants were all uniform and corresponded to the normal phenotype whilst Ri-Bintje
plants showed a pattern of phenotypic variation.

Beside those authors, Visser et al, (1989) transformed potato using a binary
vector in virulent 4. rhizogenes strains (AM8703/ pRi1855 and pBil21). The transfor-
mation efficiency was much higher with 4. rhizogenes then A. tumefaciens.

De Block (1988) transformed Desiree, Bintje, Berolina and Russet Burbank
by co-cultivation of leaves in bacterial suspension of C58C1 strain carring nptll and bar
genes. The bar gen codes for the enzyme phosphinotricin acetyltranslerase (PAT)
which inactivates herbicide phosphinotricin (glufosinate). Thus transformed plants
were resistant to commercial herbicide Basta at high concentration (20 1/ha). Almost
recently Figuera Filho et al, (1994) reported upon transformation of several
Brazilian potato cultivats with A. frmefaciens carrying the pGV 1040bar confering the
resistance to phosphinotricin herbicides.

Newell etal, (1991) transfered potao virus X and Y coat protein genes into
Russet Burbank, using A. tumefaciens pMON 9809 vector containing the PVX coat
protein gene. The levels of PVX coat protein in transformed shoots were detected by
an ELISA assay.

One of the last reports on potato transformationwas Nadolska-Orczyk et
al., 1995 who reported successfull transformation of 12 polish potato cultivars. The
authors used well known strains of A. tumefaciens LBA 4404/ pBil121 and C58C1/
pVUI04, carrying the NPT and GUS genes. They regenerated plants from leaf ex-
plants, which rooted well.

In our country Desiree is the leading potato cultivar presenting 80% of the total
potato production. We therefore decided to use cultivar Desiree as a standard model
system in our investigation on potato. In this paper we present preliminary research on
the use of in vitro methods and Agrobacteritun mediated transformation in the breeding
of new. improved potato cultivars.

For transformation studies we used Agrobacterium rhizogenes, strain
A4M7T0GUS, which induces hairy roots. This strain carries gene coding for enzyme
B-glucuronidase, whose activity can be detected histochemically in the transformed
tissues.

MATERIAL AND METHODS

Plant culture: Shoot cultures of cv Desiree were established from etiolated tuber
sprouts. Surface sterilization was performed for 20 minutes in 10% solution of com-
mercial bleach containing 4-6% NaOCL MS (Murashige & Skoog, 1962)
medium which was used in all experiments was supplemented with 3% sucrose.
Subculturing was performed by segmentation at regular 3-4 week intervals. Segments
containing single axillary bud were at least 5 mm long. Cultures were maintained in 100
mlwide neck Lirlenmayer flasks or 150 ml blod transfusion bottles. Both types of culture
vessels were stopped with cotton wool plugs. Clone PKB which we used for transfor-
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mation studies was virus-free according to ELISA test (Sigma enzyme immunoassay
kit for potato virus A, M, S, X, Y, detection). Test was performed in Center for potato,
Guca by Dr D. Milogevic.

Conditions in the growth room: Photoperiod was 18/6 hoyrs light to darknes,
pl()g/ldt d by cool white fluorescent lamps, irradiance 5.0-7.2 Wm’ % and lcmpemlurc
+2°C.

The transformation procedure: The A. rhizogenes, AAM70GUS (Tepfer, M.
andDelbart, C. IF. 1987) was maintained on agar (1,5%) solidified YEB medium
(Van Larebeke etal, 1977), with antibiotic neomycine. The density of bacterial
suspension was about 10° bacteria/ml. The 2 cm long shoot segments were inoculated
by wounding with a sterile needle, shortly dipped in the bacterial suspension. The
explants were then left on the same media in the growth room, and after 2 days
transferred to a medium supplemented with cefotaxime, 100 mg/l. Culture were
screened after four weeks. About 50 pieces of potato shoots were inoculated in one
experiment.

GUS assay: Roots were cut from the stems and B- Glucuromdasc enzyme activity

was detected, using X-gluc at pH 7.0, after overnight incubation at 37°C (Je fferson
et al, 1987).

RESULTS AND DISCUSSION
Establishment and maintenance of shoot cultures

Shoot cultures of cv. Desiree were established from five different sources. Only
one of them, designated clone PKB, was found to be virus free. This clone was used in
further experiments, while the others was eliminated. Clone PKB from the beginning
had more sturdy shoots than the other four introductions.

In a preliminary study on the maintenance of potato shoot cultures we showed
that addition of cytokinins to the medium offers no improvement in standard growth
parameters. Thus on the hormone free medium the mean number of internodes per
explant was 8.6 0.2 and the shoot length 81.6 £ 2.9 mm. Only the addition of adenine
sulfate was benefitial providing higher number of internodes per explant 9.7 £ 0.2 and
somewhat longer shoots 89.4 = 2.5 mm at 100 mg/l. Growth of shoot cultures on the
hormone free medium was stable and here was no visible variation in growth pathern
of successive subcultures.

In transformation studies on potato in which shoots were used as explanis for
inoculation (Ooms et al, 1983, 1985, 1987 and others) shoots were previously
cultured on the hormone free medium. In contrast, the use of leaf and tuber tissue
requires presence of both eytokinin and auxin type growth regulators.

{ransformation

The appearance of hairy roots after transformation was fast. First root could be
observed in the inoculation zone within ten days. This hairy roots could be easily
distinguished from adventitious roots which developed on the cut end of shoot explants.
Production of roots was not accompanied by formation of callus.

After four weeks on the cefotaxime supplemented transformation medium
development of hairy roots was registered in 90% explants i.e 45 out of 50 inoculated
shoots.
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To investigate the ability of hairy roots for individual growth they were excised
and re-cultured on the same type medium. Roots not only elongated well but also
produced numerous laterals which enabled us to establish true root cultures. Sponta-
neous regeneration of shoots was not recorded.

Rapid growth associated with high branching of roots obtained after inoculation
of plants with A. rhizogenes is a good preliminary indication of successfull transforma-
tion (Dobigny, A. et al, 1995). The hairy roots tested for GUS activity were
coloured uniformly blue (Fig. 1, Fig. 2). This can be accepted as a proof for positive
transformation of potato roots.

Fig. 1. = Detection of B-glucuronidase activity by histological assay: transformcd root
becomes blue (a), while control root remains white (b).

Iig. 2. — Phenotypes of root lines: most of the transformed root are highly branched
and exhibited a high growth rate
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GUS positive roots were fixed in FAA fixative and prepared for hystological
investigation which we plan to perform in due course.

The A. tumefaciens strain A4 is agropine type, whose Ri plasmid contains two
fragments of T-DNA, a TL-DNA carrying the rol genes and a TR- DNA carrying genes
encoding for opine and auxine synthesis. So, the presence of TL- DNA in translormed
tissues can not be detected only by opine marker, and that is the reason we did not
performed that analysis.

In this study, a protocol for genetic transformation in potato using a A. rhizogenes
A4 M70GUS was successfully developed. This transformation method can be used as
a routine method lor introducing foreign genes into local potato cultivars.
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IN VITRO PROPAGACIJA I TRANSFORMACLIA KROMPIRA CV. DESIREE
POMOCU AGROBACTERIUM RHIZOGENES
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Kulture pupoljaka cv. Desiree uspostavljene su iz pet razlicitih klonova i
odrzavane na MS medijumu bez fitohormona. Primeceno je da dodavanje adenin
sulfata dovodido povecanja broja internodija. Jedan od pet klonova, oznacen kao PKB,
koji je koriséen za tr dnsl()rmdum bio je slobodan od virusa, prema ELIZA testu.
Transformisani korenovi su dobijeni inokulacijom sa Agrobacterium rhizogenes sojem
A4M70GUIS. Korenovi su se pojavili na 90% eksplantata. Transformacija je potvrdena
testom za odredivanje aktivnosti B-glukuronidaze.
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Calovié, M., Vinterhalter, B. and Vinterhalter, D. (1995): Improved
plant regeneration from mature embryo derived callus of wheat (Triticum
aestivum L.). — Glasnik instituta za botaniku i botaniCke baste Univerziteta
u Beogradu, Tom XXIX, 123 - 128.

Compact, yellowish and smooth callus of five wheat cultivars was
obtained by culturing mature (ripe) embryos on MS (Murashige and
Skoog, 1962) medium with 2.0 mg/l 2,4-D. Callus developed from the
embryo axis and not from scutellum which turned brown. Differentiation
took place on MS medium uppon decrease of 2.4-D concentration in the
medium to 0.2 mg/l. Regeneration of whole plantlets from this callus was
low ranging from 0 to 7% of explants irrespectivelly of the orientation of
the embryo on the medium. However, the exscision of scutellum from the
embryo significantly increased the percentage of explants (embryos)
which regenerated plantlets. Depending on genotype within range from 9
10 22%. We believe that this increase of the regenerative ability of mature
embryos is an important first step which will finaly enable mature embryos
to be used as starting material in various in vitro techniques aimed at
breeding new wheat cultivars and genetic engineering.

Key words: mature embryo culture, scutellum, somatic embryogene-
sis, Triticum aestivim 1., wheat.

Kljuéne reci: kultura zrelih embriona, skutelum, somatska embrio-
geneza, Triticum aestivum 1., pSenica.



GLAS. INST. BOT. I BASTE UNIV. U BEOGRADU, 29, 123 - 128, 1995(1997).
124 M. CALOVIC ef al.: PLANT REGENERATION FROM MATURE EMBRYO

INTRODUCTION

Wheat is one of the oldest and most important food crops in the world. It is a
cercal grass of the Gramineae (Poaceae) family, genus Triticum.

During the past 20 years, numerous attempts have been made to obtain wheat
tissue cultures which possess the capacity for efficient plant regeneration as a basic
prerequisite for crop improvement programs. However, only a small number of plants
have been obtained from cultures initiated from mature embryo and differentiated
tissues (Shimada etal, 1969;Dudits etal,1975;Bhojwani and Hayward,
1977; Chin and Scott, 1977). It has been showed that only calli derived from
immature embryo scutellum manifest high-frequency regeneration of plants (Shi-
mada, 197§;ShimadaandYamada, 1979; Gosch-Wackerle etal, 1979;
Ozias-Akins and Vasil, 1982; Sears and Deckard, 1982; Lazar et al,
1983). Since the most responsive explant source —~ immature embryo is available only
in a very short period of the year, then a procedure based on the use of mature embryos
would be wellcome.

MATERIALS AND METHODS

Seeds of five cultivars, Triticum aestivum L.: Jugoslavija, Lepenica, Sana, San
Pastore and Bankuty were surface sterilised sequentially with 95% ethanol (3 min),
20% commercial bleach (4-5% sodium hypochlorite) (20 min) and 0.2% mercuric
chloride (15 min) and thoroughly washed with sterile destilled water. Mature embryos
were excised under a binocular microscope. In treatment A, mature embryos of all five
cultivars were placed on medium with axial side up (scutellum in contact with medium),
in treatment B with the axial side down (scutellum exposed) and in C scutellum was
removed and discarded.

The induction medium consisted of MS inorganic salts, 30 g/l sucrose, 100 mg/l
inositol, 2.0 mg/l glycine, 0.5 mg/l B6, 0.5 mg/l nicotinic acid, 0.4 mg/l BI and 2.0 mg/!
2.4-D. The medium was adjusted to pH 5.8 with NaOH, solidified with 0.64% agar, and
autoclaved at 114°C for 20 min. Tissue cultures were cultured in plastic sterile Petri
dishes (15 x 90 mm), each dish contained 40 ml medium and 8 explants or calii.

Temperature in the growth room was 25+ 2°C, photoperiod 16/8 hours light to
darkness and irradiance 33.5-46.5 jumol m s provided by 65W 4500°K white fluores-
cent famps.

After 28 d of incubation explants forming callus were transferred to differentia-
tion medium supplemented with 0.5 mg/t 2,4-D. After next 28 d explants were trans-
ferred again to the medium where the hormone was reduced to 0.2 mg/l.

RESULTS AND DISCUSSION

Mature embryos of Triticium aestivim cultured on MS supplemented with 2.0 mg/l
24-D showed the initiation of callus within a week and at the end of 4 week, sfowly
proliferating, compact, smooth surfaced and yellowish calli were obtained. In all three
experimental treatments (A, B, C) callus formation was associated with embryo axis,
whilst scutellum, if present, turned brown and deteriorated within 1-2 weeks. According
to histological investigations performed by Ozias-Akins and Vasil (1983a) in
mature embryo callus arises from tissues within and near the procambium of the axis,
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whilst in immature embryo callus is formed from parenchyma cells of the scutellum.
Their results are in accordance with our findings that in mature embryos scutellum is
not required for callus proliferation.

The frequency of callus induction in all five cultivars was similar and generally
high, ranged from 89% to 100% (Tab. 1). Such a small variation indicate that the
genotype plays no important role in the frequency of callus induction. This result is
consistent with the report of O’ Hara andStreet (1978) and is in contrast with that
of Lazar etal (1983).

Tab. 1. - Frequency of callus induction, embryogenic callus formation and total number
of regenerated plants from five Triticum aestivim cvs.: Jugoslavija, Lepenica, Sana, San
Pastore and Bankuty after 8 weeks on MS medium with decreased 2,4-1D (A — mature
embryos with scutellum in contact with medium, B - mature embiryos with scutellum
that is not in contact with medium and C - scutellum-less mature embryos)

Embryos Calli Embryogenic  Regenerated

Treatment  Cultivar calli plants

| No  No (%) No (%) No
A Jugoslavija 45 40 (89 0 (0) 0
Lepenica 45 42 (93) 1 (2) 2
Sana 45 40 (89) 2 (5) 3
San Pastore 45 43 (95) 1 (2) 4
Bankuty 45 41 (91 3 (7 23
B Jugoslavija 45 43 (95) 1 (2) 5
Lepenica 45 45 (100) 1 (2) 8
Sana 45 43 (95) 1 (2) 4
San Pastore 45 4 (97) 1 (2) 2
Bankuty 41 41 (100) 2 5) 7
C Jugoslavija 45 43 (95) 4 (9) 48
Lepenica 60 57 (95) 10 (17) 108
Sana 60 57 (95) 9 (16) 99
San Pastore 60 59 (98) 13 (22) 73

Bankuty 45 41 (91 7 (7N 53 i

The obtain plant regeneration calli were transferred to media with decreased
concentration of auxin. After 3-4 weeks of incubation some calli extensively produced
only roots and others exhibited localised nodular area from which evantualy somatic
embryos developed. Thus in wheat plant regeneration was coupled with somatic
cmbryogenesis.

Appart from normal somatic embryos, often multiple shoots formed as a result
of precocius germination of the primary embryo (Fig. 1 and 2). This is a common
situation inwheat previously describedbyOzias-Akins and Vasil (1982, 1983b).
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In this case first the scutellum of the primary somatic embryo enlarges (leaffy scutellum
structure) and then in its base numerous shoots appear. AccordingtoOzias-Akins
and Vasil (1982) multiple shoot formation from somatic embryos result from the
absence of apical dominance.

IS

Fig. 1. - Callus derived from mature embryo with numerous shoot primordia after
4-8 weeks on regencration medium (pr — shoot primordia, [s - leafy scutellum, ¢ — cal-
lus)

The results of three treatments for callus formation and plant regeneration are
presented in Table 1. The induction frequency of embryogenic callus of all 5 cuitivars
was significantly higher (= 10 times) when scutelium-less embryos were used (treatment
() instead of whole embryos (treatments A and B) as primary explants. In the third
group genotypic variation could be observed since embryogenic calli production ranged
trom 9% (Jugoslavija) to 22% (San Pastore). Regenerative potential as indicated by
the frequency of embryogenic callus formation obtained in this way was significantly
ereased in comparison to previously reported results of 0,4-32% (Lazar et al.,
1983).0-4% (Shimada and Yamada, 1979) and 7% (Chin and Scott, 1977).

Regenerative efficiency of the embryogenic callus of the cultivaras was very low
in treatments A and B (with exception in cultivar Bankuty). This was not the case with
calli derived from mature embryos without scutellum where we observed originated
single plantlets and multiple shoot formation in evidently higher number. In cultivar
Lepenica, 108 was a total number of regencrated plantlets and in cultivars Lepenica
and Sana 34 plantlets were obtained from a single callus.
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Fig. 2. — Regeneration of plantlets in callus derived from mature embryos (r - root,
sh - shoot)

Results of this study show that we have improved the regeneration system for
Tritictum aestiviin which enables a higher frequency of plant regeneration from callus
obtained from mature embryos. With this findings and the main advantage of mature
embryo explants — the availability thought the whole year, we open up the possibility
of utilising this technique for studies related to wheat breeding program.
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POSPESIVANJE REG ENERACIJE BILJAKA U KALUSU POREKLOM OD
ZRELIH EMBRIONA PSENICE (TRITICUM ALSTIVUM L.)

Institut za biolo§ka istraZivanja ,,SiniSa Stankovi¢”, Beograd

Kultivisanjem zrelih embriona 5 razli¢itih kultivara pSenice na MS (Mu-
rashige 1 Skoog, 1962) medijumu sa 2.0 mg/l 2,4-I) dobili smo Zuckast, gladak
Kalus kompakine konzistencije. Kalus se obrazovao od osnove embriona a ne od
skuteluma koji je zadobijao braon boju i propadao. Diferenciranje je usledilo nakon
smanjenja koncentracije 2,4-1 u medijumu na 0.5 mg/l, a potom na 0.2 mg/l. Nezavisno
od nacina orijentacije embriona u odnosu na povr$inu podloge (skutelum okrenut ka
i od povisine) samo 0-7% kalusa regeneri§e cele biljke dok je taj procenat znacajno
vedi u grupi gde je skutelum na samom pocetku odstranjen i odbacen sa primarnog
cksplantata (embriona) i u zavisnosti od genotipa iznosi 9-22%. Smatramo da ovo
povecanje regenerativne sposobnosti zrelih embriona kultivisanih bez skuteluma
otvara interesantan put kori§¢enja zrelih embriona u razli¢itim in vitro tehnikama koje
s¢ Koriste u genetickom inzinjeringu i oplemenjivanju biljaka.
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Vinterhalter, B., Vinterhalter, D. and Budimir, S. (1995): In vitro
propatation of Jankea heldreichii Boiss. (Gesneriaceae). — Glasnik Instituta
za botaniku i botanicke baste Univerziteta u Beogradu, Tom XXIX,
129 - 135.

Shoot cultures of Jankea heldreichii were established from seeds
aseptically germinated on hormone-free MS medium. Various explants
including cotyledone and hypocotyle fragments, axillary buds and whole
shoots were transfered to MS medium supplemented with 5.0 mg/l BA
and 0.1 mg/l IBA for shoots induction. Shoots regenerated directly without
intervening callus on types of explants. Most responsive were cotyledone
fragments and whole shoots manifesting 80% and 100% shoot regenera-
tion respectively. Shoot cultures were maintained on medium with BA
decrased 1o 0.2-0.5 mg/l BA and rooted on medium with 0.5 mg/l IBA.

Key words: in vitro, propagation, shoot cultures, Jankea heldreichii.
Kljuéne reéi: in vitro, razmnoZavanje, kulture izdanaka, Jankea
heldreichii.
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INTRODUCTION

Jankea heldreichii Boiss. is an endemic and relic species of Balkan Peninsula.
Nowadays it can be found only on limestone of Olympus mountain ( Greece). It belongs
to Gesneriaceae family which since tertiary is represented in Europe with only few
species. Two of them Ramonda serbica and R. nathalie are native to Serbia. Family
Gesneriaceae contains genera with species which are propagated as decorative plants.
Here belong Sainfpaulia (african violet), Streptocarpus and Gloxinia. Jankea heldreichii
is a small rosette forming plant with thick, hairy, grey-green leaves. Investigation
presented here were started wtih the general aim to develop a method suitable for
vegetative propagation as an aid in protection of this species.

MATERIAL AND METHODS

Seeds of J. heldreichii were collected near village Petra at mountain Olympus in
Greece (Stefanovic etal, 1992). Seeds were surface sterilized for 30 minutes in
20% commercial bleach (containing 4-5% NaOCl) and then thoroughly rinsed in
autoclaved water. Seeds were aseptically germinated on hormone free medium supple-
mented with 3% sucrose, 0.7% agar, MS (Murashige & Skoog, 1962) vitamins
and 1/2 WPM (Lloyd & McCown, 1981) mineral medium. Preparation of
medium and conditions in the growth room were same as previously described (Vin -
terhalter & Vinterhalter, 1994). After germination various explants includ-
ing fragments of cotyledons, hypocotyls and leafs, apical buds even whole plants were
transferred to medium for shoot induction. This medium supplemented with 5.0 mg/1
BA and 0.1 mg/l NAA was prepared with MS or WPM salts. Shoot cultures were
maintained on media supplemented with 0.1-0.5 mg/l BA and 0.05-0.1 mg/l IBA.
Rooting was performed on media supplemented with 0.5 mg/l IBA. In some experi-
ments after initial exposure to the rooting medium supplemented with IBA, shoots
were transterred to hormone free medium.

For histological examination material was fixed in FAA (formalin/acetic acid /
ethanof), dehidrated in graded ethanol and embedded in paraffinwax at 57°C. Sections
S um thick were stained with haematoxylin, observed and photographed under
photomicroscope (Jenamed, Carl Zeiss).

RESULTS AND DISCUSSION

Seeds of 1. heldreichii are fotoblastic same as seeds of Ramonda species (S te -
fanovic etal, 1992) and they quickly loose the ability ot germinate. Seeds which we
used were fresh providing a nearly 100% germination. Also the method for surface
sterilization which was employed provided a high percentage of heaithy uncontami-
nated seedling which was usually higher then 90%.

Among the various explants tested the highest shoot proliferation was obtained
in whole plants explants (100%) and cotyledon fragments (80%). Shoots were pro-
duced in 50% of leaf explants and 20% of hypocotyl explants. Medium prepared with
MS salts was superior in comparison to WPM media.
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For long-term maintenance of shoot cultures it was necessary to decrease BA
concentration from 5.0 to 0.5-0.1 mg/l. Prolonged exposure to high cytokinin concen-
tration resulted in vitrification and fasciation of cultures and it was therefore consi-
dered 1o be deterimental. Cultures subcultured from shoot induction medinm grew
well and even multiplied for some time on hormoene-free medium, probably due to
cytokinin accumulated in plant tissue. Actually, the cytokinin requirement of shoot
cultures was small and after the first year spent in in vitro conditions it was around 0.2
mg/l BA. The requirement for auxins was also low, IBA at 0.05-0.1 mg/l gave best results
in combination with BA.

Characteristic feature of J. heldreichii is that apart from axillary buds produced
int leaf axils, leaves and leaf pedicels often produce adventitious buds directly on their
surface.

Effect of BA on the production of new shoots is presented in Table 1. Itis evident
that 0.1-1.0 mg/l BA exerts little effect on shoot multiplication via axillary buds which
already has a maximum at 0.1 mg/l (5.32). However, BA strongly affects the induction
of adventitious buds with maximum at 0.5 mg/l BA on which 67.47% of single isolated
leaves produce adventatious buds. At BA concentrations higher than 0.5 mg/l pedicel
fail to elongate and cultures appear as small leafy balls. Growth of such cultures is poor
since they loose contact with the medium.

Tab. 1. — Effect of 0-1.0 mg/A BA and 0.05 mg/ IBA on formation of axillary and
adventitiows shoot buds. Subculture duration 30 days

BA (mg/l) No. of axillary multipl. adventitious buds
cultures Sbhl?d(? index % of leafs  buds per leaf
0 70 257 367202 1.38 1
0.1 59 311 527+0.22 2542 15
0.2 54 268 492+0.29 39.06 25
0.5 61 217 3.50£0.25 67.47 42
1.0 55 212 3.85+0.18 67.27 37

J. heldreichii shoot cultures sometimes perish from necrosis associated with
gradual browning of the medium. Necrosis appears first in the outer leaf whorld of the
rossete. Browning which is usually observed on very soft media seems to be triggered
by low pI value of the media (less than 5.8). At pH higher than 5.8 leaves are dark
green and media remains translucent.

On media supplemented with auxins apart from rooting of cultures, leaves which
were in contact with medium proliferate adventitious buds on the adaxial side and roots
on the abaxial side of lamine (Fig. 1 and 2). This morphogenic response of leaves was
not observed on hormone-free medium. We thus concluded that inJ. heldreichii auxin
apart from rooting affects also adventitious bud formation. In a treatment in which
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single isolated leaves were placed on medium with 0.5 mg/l IBA adventitious buds
developed in 13.8% of explants whilst rooting was 100%. Effect of auxins concentration
and duration on root length and mean number of roots per explant is presented in
Tab. 2.

“ Fig. 1. — Regeneration of adventitious shoot buds on the adaxial and roots on the
abaxial side of leafs cultured on MS medium with 0.5 mg/l IBA

Tab. 2. - Effect of the duration of auxin treatment (0.5 mg/A IBA) on root formation

and length
auxin treatment days  explants No of roots Root length (mm)
9 32 8,0 7.84
12 36 9.11 7.08
16 22 8.5 6.5
19 34 7.67 5.55
30 100 many 2-3

Rooted plants were planted in a mixutre of peat and sand in which they success-
fully adapted (Fig. 3). However potted plants could not be maintained for more than
three months in the glasshouse where they gradually perished from unknown reasons.
We assume that the combination of high temeprature and humidity prevailing in our
glasshouse was not suitable for this mountain species.
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Fig. 2. -~ Transection through a leaf on medium supplemented with IBA. On the
adaxial leaf side an adventitious shoot but is visible in longitudinal section with diffe-
rentiated vascular elements

Propagation procedure which we employed for J. heldreichii was similar to
procedures devised for african violet and related species in which induction of shoots
was performed by addition of cytokinins to the medium. In some procedures induction
medium is supplemented with high cytokinin concentrations (Peck & Cumming,
1974;Start & Cumming, 1976) whilst in others low cytokinin concentration are
applied from the beginning of the propagation procedure. However, there are reports
(Cooke, 1977;andRadojevié etal., 1984) in which shoot multiplication medium
apart from cytokinins contains also high concentration of auxins.
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Fig. 3. ~ Plant propagated in vitro, arangement of leaves in the rossete — photo-
graphed from above
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BRANKA VINTERHALTER, DRAGAN VINTERHALTER, SNEZANA BUDIMIR

IN VITRO RAZMNOZAVANJE JANKEA HELDREICHIT BOISS.
(GESNERIACEAE)

Institut za bioloska istrazivanja ,SiniSa Stankovi¢”, Beograd

Pocetni eksplantati za uspostavljanje kulture izdanaka J. heldreichii Boiss. bili su
delovi sterilno isklijalog sejanca (hipokotil, kotiledon, epikotil) ali i cele biljke bez
korena. Podloga za mdukum pupoljaka sadrZala je MS mineralnu i vitaminsku kom-
hnmu]u, 3% saharoze, 0.7% agara a od hormona visoku koncentraciju BAP od 5.0 mg/l
i NAA 0.1 mg/l. Optimalna podloga za kulturu rozeta sadizi BAP 0.1-0.5 mg/ i IBA
0.1 mg/l. Na ovoj podlozi pored razvoja bocnih pupoljaka na rubnim 1is10vima rozete
mdul\u;u se i adventivni pupoljei. IBA ukoncentraciji 0.5 mg/l pored 100% oZiljavanja
izdanaka indukuje i pojavu pupoljaka na licu listova pa je nu)phodno 10-15 dana nakon
tretmana sa IBA izdanke prebaciti na podlogu bez hormona. Na taj nacin sprecava se
dalja multiplikacija izdanaka i omogucava izduZivanje zacetih korenova. 0.5 mg/l IBA
mduku;c adventivne pupoljke i kod 13.8% izolovanih listova. Adaptacija 0/11]0111]1
biljaka u uslovima staklare bila je teSka zbog specifi¢nih uslova u kojima biljka Zivi u
prirodnom stani§tu.
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Vinterhalter, D., Todorovi¢, . and Vinterhalter, B. (1995): In vifro
culture and propagation of Pueraria hirsute (Thunb.). —Glasnik Instituta za
botaniku i botanicke baSte Univerziteta u Beogradu, Tom XXIX,
137 - 142.

Explants collected from a specimen grown in Belgrade Botanical
garden, comprising lateral buds, single node segments, and pulvinii were
cultured on a modified MS (M urashige & Skoog, 1962) medium
supplemented with 0-1.0 mgl BA and NAA. Explants produced only fast
growing callus in which shoot differentiation could not be induced. High-
est ml]us proliferation was re gistered on media with 1.0 mgl™ BA and 1.0
mgl NAA. From a plant growing near Dubrovnik, 60 large seeds were
collected and aseptically germinated on MS medium with 0.5 mgl " BA
and 0.1 mgl™ IBA. Only two seeds germinated but both shoot explants
perished after subculturing. Another seed reacted with a two month delay,
producing callus which differentiated shoots. From this shoots a clone of
shoot cultures was established and maintained on medium with 0.1 mgl’
BA and NAA. Shoots rooted on hormone free medium could be success-
fully planted ex vitro and further cultured in glasshouse.

Key words: in vitro, propagation, callus, shoot cultures, compound
leaves, Pueraria hirsuta (Thunb.).

Klju¢ne redi: in vitro, razmnoZavanje, kalus, kulture izdanaka, sloZeni
listovi, Pueraria hirsuta (Thunb.).
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INTRODUCTION

Pueraria hirsuta Thunb., member of the legume group is a sub-tropical semi-hard
liana, which survives winter in the continental climate of Belgrade region. Due to the
absence of specific pollinators, plant fails to develop viable seeds in Belgrade. P. hirsuta
is characterized by very large compound leaves consisting of three individual leaflets,
cach equipped with an individual pedicef and a prominent pulvinus. These compound
leaves can perform complex movements including sun tracking (whole leaf) and spatial
rearrangement of lamina position (individual leaflets) induced by changes in irradi-
ance. [, hirsuta has no suckers or tendrils but it can climb using other trees for support.
[tis a fast growing plant in which the main runner elongates more then 40 cm/per day
under favorable conditions (D. Vinterhalter, unpublished). In the climate of
Belgrade region P. hirsuta can be used as fast growing ornamental plant which can
provide shade for gardens, veranda (porches), loggia, balconies, ctc. Vegetative propa-
gation can be performed by runner layering but this is a slow and often unreliable
method. Therefare, in vitro propagation of this species has been investigated with
intention to find a simple and fast procedure for propagation. Special attention was
paid to the development of compound leaves and beginning of sun tracking movements.

The legume group contains a number of species which are difficult to regenerate
and propagate by in vitro methods. Among them are species from genera Phaseolus
(Allavena, 1983), Glycine (Newell & Luu, 1986, Hammat et al., 1986;
Grant, 1984) and Lathyrus (Gharyal & Maheshwari, 1983). In some
species there is a strong influence of genotype on the success of regeneration/propa-
gation as for instance in Phaseolus vulgaris (M artins & Sondhall, 1984) and
Trifolium pratense (Campbell & Tomes, 1984). In leguminous trees regenera-
tion and propagation is difficult (Lakhsmi Sita etal, 1986) and these species have
been characterized as recalcitrant (Tomar and Gupta, 1988).

MATERIAL AND METHODS

Material used for investigation was collected from two trees, one growing in the
Belgrade Botanical garden and the second in Mlini (Dubrovnik) obtained as a cutting
from the plant in arboretum Trsteno (Dubrovnik). Flowers of the plant from Mlini are
visited by bumblebees and large seeds develop in some pods. These seeds were not
observed to germinate under normal conditions. Sampling was performed in 1986-1987
and the resulting shoot cultures were maintained until autumn 1991,

Seeds and various plant explants were surface sterilized for 20 min in 10%
commercial bleach containing 4-5% NaOCl and then thoroughly rinsed in autoclaved
water. Medium contained Murashige and Skoog (1962) inorganicsalts, vitamins
and inositol was modified by increasing vitamin B1 concentration to 0.4 mgl™ and
providing 2% sucrose and 0.64% agar. Medium pH was adjusted to 5.8 prior to
autoclaving which was performed for 20-25 minutes at 114-115°C.

Callus induction was performed in ¢ 20 x 100 mm test tubes, and aseptical seed
germination and rooting in (3 18 x 180 mm test tubes. Shoot cultures were maintained
in 100 ml wide neck Erlenmeyer flasks. All culture vessels were closed with cotton wool
plugs.

Conditions in the growth room were: photoperiod 16/8 hours light to darkness,

pro(:/ided by cool white fluorescent lamps, irradiance 5.0-7.2 Wm™ and temperature 25
+2°C
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RESULTS AND DISCUSSION

Iirst round of investigation (1986) was started with explants collected from the
plant growing in Belgrade Botanical garden. A total of 73 explants (21 lateral shoot
mds 36 n()d( swmcms and 16 leaf 1pulvini) were placed on medium supplemented
with 1.0 mg]! BA and 0.1 or 1.0 mgl™ N

All primary explants produced brownish-green callus which was very soft and
{riable. Callus proliferation was much better on media with 1.0 thanon 0.1 mgl™ NAA.
It develop from cut surfaces quickly engulfing the whole explant. Most callus was
produced on nodal explants and least on pulvini. Only four out of 73 explants were
rejected due to contaminations.

Reaction of explants comprising lateral shoot buds was unusual. Axillary buds
failed to elongate. In some explants development of vitrified leaves was promoted.
Development of axillary but and leafs could not be followed due to rapid proliferation
of callus which engulfed the whole explant.

In explants consisting of node explants callus proliferation was so fast that the
first subculture was performed only a week after the explants were placed on midium.
Subsequent subcultures were also short, not exceeding three week intervals.

Attempts to induce differentiation and organogenesis in this callus were not
successful. Various concentrations of BA and NAA same as KIN and 1AA or IBA
were tried non of which rendered a reliable protocol for differentiation of either shools
Or roots. (,)nl?/ two shoots differentiated one on media supplcmcntcdwnh 1.0 méll BA
and (.1 mgl™ NAA and the second on media with 1.0 mgl BA and 0.05 mgl™ IBA.
Both shoots could not be further multiplied on same type of media. Furthermore, leaves
growing on these shoots in contact with medium became vitrified and proliferated
masses of undifferentiated callus.

After a year further cultivation of this callus clone was stopped. Two main
observations were made:

~fast proliferating, undifferentiated callus was friable. It appeared both on media
with high and low hormone concentrations. Thus medium containing 0.2 mgl bmh
BA and NAA enabled rapid callus prolifetration same as medium with 1.0 m01 BA
and 2.0 mgl”" NAA.

—-on media supplemented with 0.1 m01 BA and auxins at low concentration (-

~ (1.1 mOI IBA or NAA) callus mdmteqtcd signs of organ differentiation including;

sh)w ﬂmwlh rate, appearance of green colour, change of consistency from soft and

friable to hard and compact, and finally formation of various green surface structures.
In case of P. hirsuta these structures did not develop further into shoots.

Second round of investigation was performed with seeds collected from the plant
growing in Mlini. From a sample containing 200 fresh sceds 60 largest were surface
sterilized and placed on media with 0.5 mgl” BA and 0.1 mgl‘l IBA. Alter three weeks
two seeds germinated but plants after subculturing failed to grow further. Aseptic
germination was prolonged with intention to obtain callus. After two months a culture
was observed in which the seed proliferated callus from which a single shoot differen-
tiated and continued to grow after subculturing. From this explant a clone of shoot
cultures was established.

BA and IBA concentration were varied until medium supplemented with 0.1
mgl“l of both BA and IBA was chosen as optimal. Growth of shoot cultures was not as
fast as callus proliferation. Optimal source of explants for shoot multiplication were
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6-12 mm long shoots joint into shoot clusters, Fig. 1. Individual, elongated shoots were
not suitable for shoot multiplication. Stocks with shoot cultures of P. hirsuia were
maintained continuously for four years.

Fig. 1. ~ Shoot clusters comprising large and small shoots with compound leaves of
various size

Rooting was performed on medium containing 0. 1 mg,l'1 IBA or on hormone free
medium. Roots were long and slender. Plants were sensitive and difficult to adapt. They
had a strong tendency to loose leaves upon transfer ex vifro, requiring a rest period to
resume growth and form new leaves.

Perhaps the most important finding was that the complex leaf structure was
unhindered by in vifro conditions. This means that leaves were always compounds, three
independent leaflets could be observed even onvery smali leaves. In other plant species
with compound leaves often a reduction in number of leaflets occur as for instance In
carob. In this species usually only the first pair of leaflets develop (Vinterhalter
& Vinterhalter, 1994). True, compound leaves in carob develop later after
adaption.

During in vitro culture leaves were indifferent to light. The ability 1o track the
light source developed only after the successful adaptation of plantiets to ex vitro
conditions (Fig. 2). However, it is interesting to note that leaves formed in vitro were
morphologicaly complete and that reasons for which leaves fail to perform sun tracking
in vifro need to be investigated further.
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Fig. 2. — Addapted plantlets, arangement of leaflets in the same plane — beginning of
suntracking movements

Although shoot cultures of P. hirsuta were obtained and maintained for four years
in our laboratory, we still consider this species as recalcitrant for in vitro propagation.
It was difficult to find explants from which shoot cultures could be established. There
were also problems which accompanied adaptation and further growth of adapted
plants.
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Pueraria hirsuta (Thunb.) se u botani¢koj basti,, Jevremovac” u Beogradu gaji kao
retka tropska vrsta koja u odsustvu odgavarajucih opradivaca ne obrazuje mahune sa
klijavim semenom. Obzirom da se vegetativno razmnoZavanje vr$i samo putem
poloznica to je istraZen postupak za in vitro razmnoZavanje ove vrste. Razliciti tipovi
cksplantata ukljuéujuéi boéne pupoljke, segmente izdanaka i pulvinusa su kultivisani
na modifikovanojMS (Murashige i Skoog, 1962) podloziukojusudodati 0-1.0
mgl U'BAP i NAA. Aktiviranje i rast bocnih izdnaka nisu dobijeni, cksplantati su
()hld/()\/dll samo kalus iz kojeg se lldanu nisu mogli diferencirati. Najveca proll[ex(lu]a
kalusa bila je na podlogama sa 0.2 mgl™! BAP i NAA odnosno na podlozi sa 1.0 mgl™
BAP i 2.0 mgl NAA. Oko 200 semenki prikupljeno je sa jednog primerka bxl]l\c u
blizini Dubrovnika od ¢ega je 60 n(ukrupmuh 1/dvoycno i posldvlycno na asepticno
isklijavanje na MS podlogu sa 0.5 mé,‘ BAP i 0.1 mgl" IBA. Samo dve semenke su
pmkh]dk ali su obe biljke propale nakon pasaZiranja. Nakon dva meseca jos jedna
semenka iz ove grupe je reagovala i pl()dll]\()led kalus iz kojeg se zatim diferencirao
jedan izdanak. Ovaj x/dandk je uspesno pasaziran i od njega je formiran klon kultura
izdanka Koji je zatim uspesno odrzavan 4 godine na podiozi sa 0.1 mg} I BAP i NAA.
I7danci oZiljeni na podlozi bez hormona su uspe$no adaptirani u staklari
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Todorovi¢, I. and Vinterhalter, D. (1995): Factors affecting in vitro
rooting of Cryptanthus bromelioides (Otto | Dietr.). — Glasnik Instituta za
botaniku i botanicke baste Univerziteta u Beogradu, Tom XXIX,
143 - 148.

Shoot cultures of a decorative clone of Cryptanthus bromelioides
Otto & Dietr. were maintained in vifro on MS (M urﬂshlgc and
Skoo g, 1962) mediumsupplemented with BAP 0.5-1.0 mgl and 0.1-0.2
mgl” NAA. Characteristic of this species is poorly developed root system
same as in other prphytlc bromeliads. On the standard rooting medium
comprising 0.5 mgl™ IBA root length was only 9.4 mm with 3. 8 roots per
explant. We therefore investigated the effect of factors and conditions
which are know to affect and improve root initiation and elongation.
Among various factors including auxins IBA and NAA, light, inorganic
nutrition, activated charcoal, phloroglucinol, ancymidol, fusicoccin, ri-
boflavine and ascorbic acid the most effective was activated charcoal
which 2.5 times increased the root length.

Key words: in vitro, propagation, rooting, shoot cultures, Cryptanthiss
I)rom(’hordes epiphyte.

Kljuéne reci: in vitro, razmnoZavanje, oZiljavanje, kulture izdanaka,
Cryptanthus bromelioides, epifit.
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INTRODUCTION

Cryptanthus bromelioides member of the Bromeliaceae familiy is a smali plant with
leaves arranged in a rosette. Like other bromeliads C. bromeliodes is an epiphyte and
its root system is poorly developed. The poor root growth of bromeliads can be also
obsrved under conditions of in vifro culture. Thus for instance in Aechmea fasciata
Baker.. the mean root length after 5 weeks of rooting on hormone free medium was
only 1245 mm (Vinter halter & Vinterhalte r, 1994). However addition of
17¢ activated charcoal to the medium more than doubled the length of roots in

Aechmea. We therelore investigated in vitro rhizogenesis of C. ])IOITI(’/IOI(/(’S with the
aim to enhance rooting parameteres supplementing the medium with various rooting
cofactors.

There is a number of studies dedicated to in vitro propagation of bromeliad
species. Aechmea fasciata was propagated by Zimmer and Peiper (1974, 1975),
Jones and Murashige (1974) and Ziv et al, (1986); Tillandsia, Guzimania and
Vriesea by Mekers (1977) and Mekers and Van Onsem (1983); Cryptanthus
byDavidson and Donnan (1977)and Mathews and Rao (1982); Quesnelia
(IHosoki and Asahira (1980) and Ananas Mathews and Rangan (1979,
1981),Ze¢peda and Sagava (1981).

MATERIAL AND METHODS

Shoot cultures used in this investigation were introduced and successfully propa-
gated in vitro as Ananas comosus L. Plants 1-2 years old were examined and reclassified
according to Saak ov (1983) as a decorative clone of Cryptantus bromelioides Otto &
Dietr. (C. acaulis Lindl).

Shoot cultures were maintained on MS (Murashi 8e & Skoog, 1962)
medium supplemented with 0.5-1.0 mﬂl BA and 0.1-0.2 mgl NAA. Shoot culture
stock was subcultured at 6-8 week intervals. The duration of rooting treatments was 4
weeks. Hach treatment contained 25-30 replicates and was repeated at least twice.
Shoots excised for rooting treatments were 35-40 mm long. Root length was measured
as the length of the lon;;esi root on the rooted plant. Shoot cultures were maintained
in 100 ml Erlenmeyer flasks or 125 ml blood transfusion bottles. Rooting treatments
were performed in (2 20 x 100 mm test tubes. Al culture vessels were closed with cotton
wool plugs. Medium pH was du;us{w o 5.8 prior to autoclaving which was performed
for 20-25 minutes at 114-1157C.

Conditions in the growth room were: photoperiod 16/8 hours light to darkness,
pmawk’d by cool white fiuorescent lamps, irradiance 5.0-7. 2Wm 2 and t temperature 25
+2°C.

4 Adaptation of rooted plants was performed in glasshouse, plants were trans-
ferred in peat based substrates (mixture of peat, sand and humus). During adaptation
plants were weekly sprayed with fungicides (containing 0.3% Captan).

RESULTS

The first group of treatments was performed with the aim to investigate the effect
of auxins on rooting, IAA and NAA were applied i concentration 0-2.0 mtVI and shoots
left in continuous contact with the rooting medium, Tab. 1. Rooting with auxins was
nearly 100% efficient. Roots were short, “the maximum root anth (11.4 mm) was
registered on hormone-free and medium with lowest IBA concentration - 0.1 mgl
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Root length decreased with the increase of auxin concentration. IBA concentrations
under 0.5 mgl™ provided slender roots with numerous hairs whilst at higher IBA
concentrations roots were thick and hairs were absent. In treatments with NAA roots
were ceven shorter than on IBA supplum nted media. The longest root 5.3 mm was
registered on media with 0.1 mgl NAA.

Tab. 1. ~ Effect of NAA and IBA on root elongation and the number of roots per rooted

plant
‘ ¥ Root length. mm + SEM Roots per rooted culture + SEM

Auxin. mgl ™ jj3 NAA IBA NAA

0 11.36 £ 0.8 11.73£0.7 2.83+03 2.70+£0.2

0.1 1137+ 1.0 527405 3.44+0.2 372+03

0.2 9.43+04 nm 3.13+£02 nm

0.5 933+£0.6 491+04 3.80+0.3 5.00+04

1.0 8.60+09 373+ 04 4.86+0.7 6.61 £0.7

2.0 446+1.0 3.10+0.2 6.73+1.0 53104

nm - not measured

The mean number of roots per explant increased 1wuh auxin concentration
reaching maximum 6.7 on 2.0 mgl IBA and 6.6 at 1.0 mgl™ NAA.
Since IBA enabled better elongation than NAA, all furhter experiments were
e . . ) 1 N 3 . = -1 o o
performed with IBA supplemented media. Concentration 0.5 mgl™ IBA was consi-
dered to be optimal providing moderately high values for both root elongation and
roots per rooted explant parameters.
In the next experiment concentration of MS inorganic salts in the medium was

decreased, Table 2. Treatments contained 1BA either at 0.1 or 0.5 mg]'l.
Tab. 2. ~ Effect of inorganic nutrition on root elongation and the munber of roots per
rooted plant

MS inorganic  Root length, mm + SEM Roots per rooted explant + SEM
salts, % IBA 0.1 mgl’  IBAOSmel! IBAO.Imgl’  IBAOSmgl!
100 8.3%0.6 8.6+0.7 2.7+£0.2 43402

S0 10.0+09 11.6+09 3.2+0.2 2.7+03

20 11.2+£0.7 13.6+09 33403 38+04

10 105209 14.1+£0.7 28102 34404

0 9.5+0.5 9.6 £0.7 2.7+0.2 3.0+£03

Onboth media root length increased with decrease of concentration of inorganic
salts. Maximum for Jower 1BA concentration was reached at 1/5 and for higher IBA
concentration on media containing 10% MS inorganic salts. Interesting results were
obtained for the number of roots per rooted culture. At lower IBA concentration
maximum was at 1/5 MS inorganic salts same as the maximum for root elongation. On
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the higher IBA concentration (0.5 mgl™) values decreased with the concentration of
inorganic salts. Rooting percentage in these treatments varied from 96,6 do 100%. On
salt-free media roots were dark and thin, thread-like.

Next group of treatments was performed with the aim to evaluate the light
requirement for rotting of C. bromelioides. Both light and dark treatments contained
0.5 mgl” IBA and full strength MS inorganic salts (Tab. 3). In light the mean number
of roots per explant was higher and roots were longer than in dark treatment. Plants in
dark treatments were etiolated and their shoot were longer (56.1 mm) than in plants
cultured in light (40.1 mm).

“ab. 3. — Effect of light on root elongation and the number of roots per rooted plant

Treatment Root length, Roots per rooted Shoot length,
mm + SEM explant + SEM mm + SEM

light 8.68 +03 446+0.2 40.65+£0.7

darkness 6.68 +0.3 3.58+£0.2 56.14+1.2

Finally, a number of substances which are known as cofactors of rhizogenesis
were investigated, all on medium supplemented with 0.5 mgl™ IBA and full strength
MS inorganic salts, Tab. 4.

Tab. 4. - Effect of rhizogenesis cofactors on root elongation and the number of roots per

rooted plant
Cofactor concentration root length. roots per rooted
*mm+SEM culture £ SEM

control 933+£06 38203

charcoal (activated) 1% 24.64+0.2 41102

ancymidol 0.8 mgl™* 7.60+04 8§.9+0.7

fusicocin 101 7.00+0.8 9.8+ 1.0
phloroglucinol 162 mg‘.} 38302 0.9+04

ascorbic acid 1 mgl 4.63+0.5 8.0+0.7
riboflavine 1 mgl”! _1086%13 40203

The most potent cofactor was 1% activated charcoal which increased root length
1.5 times in comparison to the control. Mean number of roots was not much higher
than in the control. In contrast to activated charcoal other cofactors increased the
number of roots per rooted explants and decreased root elongation.

Ancymidol, fusicocin and ascorbic acid more than doubled the number of roots
per rooted explant. Phlorogiucino! also increased root production but strongly inhi-
bited root elongation same as ascorbic acid. Ancymidol and fusicocin moderately
decreased root fength.

Riboflavin slightly increased root elongation and roots per rooted plant above
the values registered in the control.

Adaptation of plants rooted on IBA supplemented medium was very good,
usually over 90% efficient. Adaptation of plants rooted on NAA supplemented me-
dium was less efficient. After some time plants attain the characteristic rosette growth
habit.
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DISCUSSION

Our investigation showed that the optlmal relation between root length and
number was obtained on media with 0.5 mgl IBA and 1/10 strength MS inorganic
salts. Among various rhizogenesis cofactors activated charcoal significantly increased
root length. Ancymidol and fusicocin did not affect much root elongation but increased
the number of roots per explant. Phloroglucinol and ascorbic acid were inhibitory to
root elongation but increased the production of roots. Riboflavine showed no marked
effect on rooting parameters. Adaptation was much better if plant were rooted on IBA
than on NAA supplemented media.

The obtained results are in accordance with results obtained with Aec/hmea

Jasciata (Vinterhalter and Vinterhalter, 1994) in which 1% activated char-
coal was found to significantly increase root elongation.
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Rezime

IVANA TODOROVIC!, DRAGAN VINTERHALTER?

ISTRAZIVANJE FAKTORA KOJI UTICU NA IN VITRO OZILJAVANJE VRSTE
CRYPTANTHUS BROMELIOIDLES (OTTO& DIETR.)

Lyt . ) .
PKB INI-Agroekonomik, Padinska Skela, Beograd
“Institut za bioloska istraZivanja, ,,Sini$a Stankovi¢”, Beograd

Kulture izdanaka dekorativnog klona Cryptanthus bromelioides (Otto / Dietr.) su
odrzavaniinvironaMS (Murashige andSkoo g, 1962) podloziuz dodatak 0.5-1.0
mg,l‘1 BAP i 0.1-0.2 mgl"1 NAA. Karakteristika ove vrste je slabo razvijen korenov
sistem slicno kao 1 kod drugih epifitnih bromelija. Tako na standardnoj polozi za
oziljavanje koja sadrzi 0.5 mgl™ IBA duZina korena bila je svega 9.4 mm dok je broj
Korenova po eksplantatu bio 3.8. Zbog toga su istrazivani faktori za Koje je poznato da
utitu na inicijaciju i izduZivanje korena. Izmedu razlicitih faktora ukljucujuci tu auksine
IBA 1 NAA, svetlost, mineralnu ishranu, aktivni ugalj, floroglucinol, ancimidol, fuzi-
kokein, riboflavin i askorbinsku kiselinu najvedi efekat ispoljio je aktivni ugalj koji je u
koncentraciji 1% povedavao izduZivanje korena 2.5 puta.
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PLANT REGENERATION OY IRIS HALOPHILA PALL. AND IRIS
SIBIRICA FANCH. BY SOMATIC EMBRYOGENESIS AND
ORGANOGENESIS
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Suboti¢, A. and Radojevié, 1. (1995): Plant regeneration of Iris
halophila Pall. and Iris sibirica I'anch. by somatic embryogenesis and organo-
genesis. — Glasnik Instituta za botaniku i botanicke baste Univerziteta u
Beogradu, Tom XXIX, 149 - 155.

Plant regeneration was achieved by somatic embryogenesis and
organogenesis in Iris halophila Pall. and Iris sibirica Fanch. Somatic em-
bryogenesis was induced after seven days by growing emryo explants on
Bo nutrient medium based on MS supplemented with (in mg/1): 2,4-13 5.0,
KN 1.0, CH 250.0 and Pro 250.0. Further development of embryogenic
callus and differentiation of somatic embryos occurred on Bs nutrient
medium (MS, 2,4-D and KN, 1.0 mg/l, each). The embryogenic potential
depended on both the species and the composition of the nutrient me-
dium. For I halophila on Bs nutrient medium it was 79% and f{or I sibirica
on By it went up to 57%. In addition to NEC, EC and OC also formed on
the both nutrient media. During the OC growth of both species on C3
nutrient medium consisting of MS, BAP and GAz (1.0 and 0.1 mg/l,
respectively) adventitious buds were induced. Shoot multiplication in I
halophila (89%) and I. sibirica (98%) was achieved on C2 medium supple-
mented with BAP and NAA (1.0 and 0.1 mg/l, respectively). Somatic
cmbryos germination and shoot rooting was attained in MS mineral
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solution containing KN 3.0, IAA 1.0 and GA3 0.1 (mg/l). Regenerants of
both species were successfully acclimated under greenhouse conditions.

Key words: Iris halophila Pall., Iris sibirica Fanch., adventitious buds,
embryogenic callus, embryo culture, organogenesis, so-
matic embryogenesis, somatic embryos.

Kljuéne reci: Iris halophila Pall, Iris sibirica Fanch, adventivni pu-
poljei, embriogeni kalus, kultura embriona, organo-
geneza, somatska embriogeneza, somatski embrioni.

Abbreviations: AB - adventitious buds; AS - adenine sulphate; CH - casein hydrolysate;
2.4-D - dichlorophenoxyacetic acid; IAA - indole-3-acetic acid; IBA - 2-indolebutyric
acid; KN - 6 - furfurylaminopurine; BAP - 6-benzylaminopurine; GA3 - gibberellic acid;
MS - Murashige and Skoog mineral solution; NAA - o-naphtaleneacetic acid; NEC -
nonembryogenic callus; EC - embryogenic callus; OC - organogenic callus; Pro -
l-proline; SE - somatic embryos; Tyr-1-tyrosine.

INTRODUCTION

The Iris genus includes a great number of species, many of them being important
for horticulture and pharmaceutical industry. Similar to most of monocot plants with
rhizomes, irises are propagated vegetatively, each individual producing a maximum of
some ten plants per year. During the last twenty yearsin vifro propagation of the species
was intensified in different ways: using callus in I. hollandica (Hussey, 1976),
regneration from callus and somatic embryogenesis in Iris spp. (Meyer, Fuchi-
gami & Roberts, 1975 Reuther, 1977), somatic embryogenesis by in vitro
culture of mature . pumila and I. setosa embryos (Radojevié, Soki¢ & Tucié,
1987;Radojevi¢ & Subotié, 1992), root culture in I pseudocorus, I. setosa and
I versicolor (Laublin, 1991) and leaf culture and immature inflorescence culture in
I pallida and I. germanica (Jéhan etal., 1994).

In the present work the effect of nutrient media composition, hormones and/or
amino acids on plant regeneration through somatic embryogenesis and organogenesis
were studied using explants from mature zygotic embryos of I halophila and 1. sibirica.

MATERIALS AND METHODS

Seeds of I halophita Pall (2n = 44) and [ sibirica Fanch. (2n = 28) were obtained
from the collection of the Moscow Botanical garden. Sterilization and isolation ol seeds
were performed as described previously (Radojevic & Subotié, 1992). For
induction of somatic embryogenesis MS solution containing sucrose 5%, agar 0.5% and
(in mg/ly: inositol 100.0, Pro 250.0, CH 250.0, nicotinic acid 5.0, pantothenic acid 10.0.
Br vitamin 2.0, 2,4-D 5.0 and KN 1.0 (Bo) was employed. Nutrient media for embryo-
genic callus (EC) development and somatic embryos (SE) differentiation (B - Bs) are
listed in Table 1. For organogenic callus (OC) and adventitious bud (AB) induction
and shoot multiplication, (Cq - C3) were applied (Table 1). Rooting of the shoots was
achieved in MS liquid medium supplemented by IAA (1.0 mg/l) and KN (3.0 mg/l).
Cultures were grown at 25 + 2 C°, 16h / 8h photoperiod (fluorescent lamps "Tesla”,
Pantevo, 65W, 4500 K) and regenerants rooted. Plantlets were grown in a mixture of
sand and soil (3 : 1) in a greenhouse.
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Lab. 1. — Composition of nutrient media for regeneration of Iris halophila and I. sibirica

Nutrient media (ingredients in mg/1)

Bo:MS +24-D5.0+ KN 1.0 + Pro 250.0 + CH 250.0
Bi:MS +24-D 10+ KN L0+ Pro 250.0

B2:MS +24-D 1.0 4+ KN 1.0 + Pro 250.0 + CH 25.0
Ba:MS + 24-D 1.0 + KN 1.0 + Pro 25.0 + CH 250.0
Ba:MS +24-D 1.0+ KN L0+ CH 250.0

Bs:MS +24-D 1.0+ KN 1.0 + Pro 250.0 + CH 250.0
Co:MS +TAA 0.1 + BAP 1.0 + Tyr 100.0 + AS 80.0
Cr:MS +1BA 0.1 + BAP 1.0 + Tyr 100.0 + AS §0.0
C2: MS + NAA 0.1 + BAP 1.0 + Tyr 100.0 + AS 80.0
C3:MS + GA3 BAP 1.0 + Tyr 100.0 + AS 80.0

RESULTS

Somatic embryogenesis

Mature zygotic embryos of I. halophila and I. sibirica after seven days of growth
on Bo medium for somatic embryogenesis induction, expressed a different morphoge-
netic potential. During this period, tiny, yellow-pale structures appeared in [. halophila,
while no callus or nodules were formed on zygotic embryos of 1. sibirica. After three
weeks, explants of both species grown on Bs nutrient medium with reduced concentra-
tion of 2,4-D from 5.0 to 1.0 mg/l developed three types of calli as a result of different
differentiation pathways: NEC, IEC, OC (Fig. 3. a and b). In embryogenic cultures of
both species, the number of SIE was increasing parallel to the duration of subculture.
Somatic embryos were differentiated mainly at the surface of embryogenic nodules
representing a part of EC or, rarely, they were developed adventitiously at the already
present SE. In most 1. halophila coltures SE were developed to globular and heart-
shaped stages and there were far less embryos with lateral scutellar notches and in the
coleoptile stage (Fig. 3. ¢). In certain cultures of I halophila grown on Bs nutrient
medium, a simultaneous maturation and germination of SE into plantlets occurred.
During a prolonged growth the roots were spontaneously developed.

The highest embryogenic response was obtained in I. halophila grown on Bs
medium and in 1. sibirica grown on By medium (Fig. 1, values represent the means +
S.E. of results from three replicates). In order to increase the biomass of EC and
number of SE, embryogenic calli were further cultured on B - Bs nutrient media. The
highest values for fresh callus mass of both iris species from approx. 1600 to 2500 mg,
were obtained by growing the EC on B2 medium.
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Fig. 2. — The effect of nutrient medium composition on adventitious bud multiplica-
tion of Iris halophila and . sibirica
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IRIS HALOPHILA

Fig. 3. — Somatic embryogenesis and organogenesis in the culture of zygotic I. halo-
phila and I. sibirica embryos; a) — Cultures of I. halophila and 1. sibirica on Bs nutri-
ent medium after weeks of culture; b) - EC of I halophila (a detail) in an early
(GIE) and a late (SE) stage of development; ¢) — Multiplication of 1. halophila after
three subcultures; d) — Acclimatized 1. halophila plants.
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Organogenesis

Organogenesis in /. fi(l'f(/[)”[f(( and 7. sibirica species was expressed after r)rm:uE-
ture of matare /ygmw Lmhwm and their growthon B(\ medinm with a high concentra.
tion of 2.4-13 and KN. Green organogenic callus o? both iris species was observed
already within the first three weeks of culture on C3 medium. During furhier subcul-
tures, on the same medium, AB (Fig. 3. d) was developed from OC. In order io get a
higher number of regenerants the mﬂm nce of different media (Co-C3) on 1h(, Al
kvclopmcm was examined (Fig. 2). Most of . halophila shoots were developed on Cy
nutrient medium. In [ sibirica, the highest number of AB, and thus the highest
multiplication was achieved on (2 muhum I'he lowest values of multiplication for both
iris species were obtained when grown on 3 nutrient mcdium Number of rooted
shoots grown in a > nutrient medium was found o be 92% and 96%: for I. /m/()]}hz/a
and [ sibirica, respectively. Acclimation of plants was about the same for both iris
species (lig. 3, ¢).

DISCUSSTON AND CONCLUSION

Regeneration ()fpl&llﬂ% was achieved by somatic embryogenesis and organogene-
sis of the two irls species by the culture of mature zygotic embryos. For mdudum of
both processes the presence of high auxin concentration, (2,4-D 5.0 mg/l) is required.
The stage of induction in the LU“[’IL of zygotic embryos is necessary for expression of
mor 1hngL netic potential is previously shown {or £ pumila and 1. setosa (R adojevid
ctal. 1987:Radojevic &Subotic, 1992). A decrease of auxin concentration to
0.1 mg/lin the cultures of the two iris species led to differentiation of three calli types,
NEC, BC and OC. Isolation and separation of these calli enabled two pathways of
regeneration to proceed. Medium (‘(miéiil'liﬁ‘i 2.4-1> and KN (1.0 mg/l) and %imp’c—
mented with 250.0 ! i ] was found bL the most suitable for
freeh
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ber of shoot produced per culture. Ge rmination of somatic
m‘nms and rooting -a‘ the AB was successfully achieved in D liguid nutrient rr’a&aféium
with KN, IAA and GA3 as previously described for [ setose (Radojevid &

Subotid, 1992). This protocol for plant regeneration of both Iris spcuas ihm ugh
somatic embryogenesis and organogenesis, could be used for large scale production of
regenerants.
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ANGELINA SUBOTIC, LJILJANA RADOJEVIC

REGENERACLJA BILJAKA IRIS HALOPHILA PALL. 1. IRIS SIBIRICA FANCH.
PUTEM SOMATSKE EMBRIOGENEZE I ORGANOGENEZE

[nstitut za biolo§ka istraZivanja ,SiniSa Stankovié”, Univerziteta u Beogradu,
Beograd, Jugoslavija

U kulturi zigotskih embriona Iris halophila i I. sibirica postignuta je regeneracija
biljaka procesom somatske embriogeneze 1 organogeneze. Sukcesivnim delovanjem
hranljivih podloga, sa razli¢itim auksinima i citokininima, indukovani su neembriogeni
(NEC), embriogeni (EC) i organogeni (OC) Kalusi, a zatim somatski embrioni (SE) i
adventivni pupoljci (AB). Somatska embriogeneza je indukovana na MS mineralnom
rastvoru sa (u mg/l): 2,4-D 5.0, KN 1.0, CH 250.0 i Pro 250.0 (podloga Bo). Posle sedam
dana gajenja na indukcionoj podlozi eksplantati su preneti na podlogu za diferenci-
jaciju i razvice somatskih embriona, sa smanjenom koncentracijom 2,4-D 1.0 mg/l
(podloga Bs). Na ovoj podlozi posle 2-3 nedelje gajenja pojavili su se somatski embrioni
na svim razvojnim stadijumima. Razviée organogenog kalusa dobijeno je gajenjem
cksplantata na C3 hranljivoj podlozi sa (u mg/l): BAP 1.0, GA3 0.1, Tyr 100.0 i AS 80.0.
Multiplikacija izdanaka kod obe vrste najuspesnija je njihovim gajenjem na C2 hran-
ljivoj podlozi. OZiljavanje zrelih somatskih embriona i izdanaka odvijalo se na MS
hranljivoj podlozi sa KN 3.0, IAA 1.0 i GA3 0.1 (mg/h). Regeneranti, obe vrste, su
aklimatizovani na uslove staklare.
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Tucovic, A, Isajev, V. (1995): Ailanthus dimorphism and functions
of flowers and inflorescences. — Glasnik Instituta za botaniku i botanicke
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The data on the characteristics of tree sexuality in the local popula-
tions of ailanthus in Serbia are very scarce. This paper describes sexual
dimorphism, inflorescence variability, records the rare phenomenon of
neoteny, which are at least partly essential for the competition and aggres-
siveness of trees of heaven on the sites of urban, industrial, and tourist
settlements.

Key words: ailanthus, sexual dimorphism, inflorescences, neoteny,
outbreeding, inbreeding
Klju¢ne redi: pajasen, polni dimorfizam, cvasti, autbriding, inbriding

uvoD

Drveée karakteri$e neobicna sloZenost grade i funkcija stabala, ogromna
raznovrsnost unutar i izmedu populacija i o¢igledna adaptivnost na veoma promenljive
faktore spoljaSnje sredine. Svako od ovih svojstava zahteva razlicite metode is-
trazivanja, §to obezbeduje informacije razli¢itog karaktera. Varijabilnost se ispoljava i
u potomstvima vecéeg broja roditeljskih stabala, kao i u potomstvu jednog roditeljskog
para, stvaraju¢i materijal za prirodno i plansko odabiranje. U zavisnosti od faktora koji
uslovljavaju varijabilnost organizma istu moZemo razvrstati u dve osnovne grupe: (1)
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modifikacije, i (2) genotipske varijacije. Modifikacije su uslovljene prvenstveno fakto-
rima spoljasnje sredine, a genotipske varijacije prvenstveno genetiCkim prestrojava-
njima. Do danas su, pored kombinacione promenljivosti, najbolje proucene genotipske
varijacije, Koje su vezane za hromozome i gene, a oznacene su kao mutacije, $to ne
znacida se time iscrpljuju svi mogudi izvori promenljivosti. U ovom radu razmotri¢emo
promenljivost i funkcionalnost cvetova i cvasti pajasena.

MATERUAL I METODE

Kao objekat istraZivanja odabrana su gajena stabla pajasena (Ailanthus altissima
Swingle) i odgajena half sib potomstva odabranih semenskih stabala. Pajasen pripada
rodu Ailanthus Desf. (Familija Simarubacae L.C.Rich), kojiobuhvata8§ (Jovanovidé
1985)ili12do 1S vrsta(Krissmann, 1965;Matikas$vili, 1970; Vukiéevié
1973, 1987), autohtonih u isto¢noj Indiji, jugoistoénoj Aziji, Indoneziji i severnoj
Australiji. Cveta posle listanja, krajem maja i pocetkom juna. Cvetovi su sitni belicasti
ili zelenkasto Zuti, u uspravnim, terminalnim metlicama, dugim 10-30 cm. Cvetovi su
jednopolni ili dvopolm neprijatnog mirisa, imaju Zlezde u vidu diska, sa nektarom.
Cagitnih listica S, vrlo mali, u donjem delu srasli, tamnozeleni. Kruni¢nih listica 5 -6,
zelenkastozuti, 2.5 do 3.5 mm dugi, u donjoj polovini kovrdZavo dlakavi. Prasnika 10.
Tucak sa 5 oplodmh listi¢a stubi¢ima srasli. Rada svake godine, potev:od 5-te godine
starosti. Plod je pljosnata, izduZena krilata oraSica, do S cm duga i oko 1 cm $iroka,
svetlogrvenkasta ili smeda. Plodovi sazrevaju tokom septembra i oktobra. Kao pionir-
ska vrsta upotrebljava se u pofumljavanju.

Fenofaze cvetanja i plndonosemd utvrdene su terenskim osmdnanumd u inter-
valima od 7 dana. Analiza cvetova i cvasti obavljena je na 10 muskih i 10 dvopolnih
stabala 1 obuhvatila je po 50 (25 prostih i 25 sloZenih) cvasti 4. ukupno 500 muskih i
500 dvopolnih cvasti. Pojava autogamije utvrdena je pomocu pojedinacnih, prostorno
izolovanih stabala sa dvopolnim cvetovima-cvastima. Analiza roda obuhvatila je uku-
pan broj plodova na stablima iskazanim u hiljadama i u kilogramima za stabla razlicite
starosti od 4-te do 41. godine starosti. Kvantitativni podaci o cvetovima biometrijski su
abradeni j. utvrdene su granice varijabiinosti { minimum-maksimum}, srednja vrednost
(x), standardna devijacija (S), varijacioni koceficijent {V), greska srednje vrednosti {5¢),
arcdka standardne devijacije (5q) 1 greska varijacionog kKocficijenta {Sv).

REZULTATII DISKUSHA

Rezultati obavijene analize cvasti stabla we‘:'-i%an odgajenih u cenozama drveda
i Zhunja gradskih, zmiaasm;sm 11 turistickih nase i su o fablicama 112, Stabla
pajasena Tarakerisu jednopolni- mugki § dvopolni- mu%’kuyam}( cvelovi. Stabla pa-
jasena obilno evetaju, ndm(s" nakon listanja, I\mwr maja | tokom ;um L meseca. Za
osmatrana stabla }“msk eristitno je ponovlieno drugo cvetanje, poletkom i tokom
avgusta. Muski cvetovi su na pmbhnm* muskim stablima, a dvopolni na rodnim zv.
semenskim stablima ij. razdvojeni na poabmm stablima. Svojsivo stabla sa muSkim
cvetovima je da obavha samo funkeiju opmswdca- mus‘mo roditelja, a stabla sa
dvopolnim cvetovima funl\u;u i ;(dnog i drugog mdllcha la dvopolnim stablima
funkcionaini su i muSki i Zenski reproduktivni organi. Naime, prostorno izolovana
dvopolna stabla obilno plodonose, kao i stabla odrasia u lokalnim populacijama.
Ucestalost muskih i dvopolnih stabala u lokalnim populacijama ostvaruje se u veoma
razliCitim kombinacijama (od 0:100 ili 100:0). Odnos polova u lokalnim populacijama
pajasena karakteristi¢an je za poseban vid polnog dimorfizma, koji karakteride razliciti
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odnos muskih i dvopolnih stabala; kod dvodomih vrsta javljaju se, u razlic¢itim kombi-
nacijama, muska i Zenska stabla. Jednopolan tip cvetova na stablima uslovljava
ujednacen razvoj muskih i dvopolnih cvetova, kao i zametnutih plodova u svim de-
lovima cvasti ili krognji stabala pajasena. Plod pajasena je pljosnata, izduZena, krilata
ora$ica, do S ecm duga i oko 1 cm $iroka.

Tab. 1. — Biometrijska svojstva prostih A. muskih i B. dvopolnih cvasti stabala pojasena
Biometric properties of simple A) male, B) bisexual ailanthus inflorescences

Broj DuZina u cm Sirina u cm Broj bo¢nih grana Broj cvetova
sta- Length in cm Width in cm Number of Number of flowers
hala branches
Nlulmbu od X+ Sy od x+Sx od x+ Sz od PN
OLUees  min S+ S min S+8Ss min S+8, min S+,
do  vis, do VS, do vis,  do VS,
max max max max
A. Muske cvati - Male inflorescences
10 10 2405+£218 4 1255+198 5 9.00+£0.08 50 258.00+5.09
344+153 3.13+£ 140 1.24 £0.06 83.50£3.63
32 1433+0.64 23 25.04+£1.56 12 13.78 £0.62 550 31.20+1.44
B. Dvopolne cvasti - Bisexual inflorescences
10 14 2178+150 5 13.16+£139 5 10.00£0.10 1 117.00+£3.67
237+£1.40 220+0.98 1.66 + 0.07 58.00+2.59
28 10.87+0.48 19 16.68 +0.74 13 16.66 +£0.74 300  49.23 4220

Tab. 2. - Biometrijska svojstva sloZenih A. muskih i B. dvopolnih cvasti pajasena
Biometric properties of compound A) male, B) bisexual ailanthus inflorescences

Broj Duzina u cm Sirina u cm Broj prostih cvasti Broj cvetova
sta- Length in cm Width in em Number of Number of flowers
bala simple
Number inflorescences
offrees X+ Sz od X+ Sz od X S od X+ Sk
min S+, min S+Ss min S+ S min S+ S
do V+S, do VS, do VS, do V+ Sy
max max max max
A. Muske cvati - Male inflorescences
10 19 3422+ 041 20 3656 £0.44 3 7.00 £0.11 100  1868.00 £42.40
654 + 0.29 6.95 £0.31 1.80 +0.08 670.00 +29.60
47 19.13 £ 0.85 58 18.99 £085 13 2571 £1.15 3200 25.86 £ 1.60
B. Dvopolne cvasti - Bisexual inflorescences
10 14 3226+ 0.35 12 3822+041 2 9.00+0.14 100 876.00+26.78
5.62+£0.25 6.57+0.29 228+0.10 360.00£16.07
49 1740+0.78 50 17201077 13 2533+1.13 800 41.09+1.83

Mugski cvetovi pajasena grupisani su u muske proste, £ uspravne cvasti, i sloZzene
(zbirne) + uspravne, horizontalne i retko viseée metliCaste cvasti (Tabs. 1A i 2A, Fig.
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1). Duzina plodnih cvasti varira od 10 do 32 cm sa srednjom vredno$cu od 24.05 + 2,18
cm (Tab. 1A). Sirina cvasti po stablima varira od 4 do 23 cm sa srednjom vredno$éu za
10 analiziranih stabala od 12,55 + 1,98 ¢m. Broj bo¢nih grana u prostim mugkim
cvastima je najvarijabilnija osobina sa prose¢nom vrednoséu za 250 cvasti od 9 + 0,08
bocnih grana. Minimalan broj bo¢nih grana je 5 a maksimalan 12. Broj cvetova po
stablima varira od 5 do 530 sa srednjom vredno§cu od 258 + 5,09 cvetova po stablu.
SloZene (zbirne) cvasti se sastoje od prosecno 7 £ 0,11 prostih cvatsi. Minimalan broj
prostih cvasti je 3 a maksimalan 13. Ukupna srednja duZina zbirnih muskih cvasti je
3422+ 0,41 em, $irina u proseku 36,56 + (0,44 cm a broj cvetova varira od 100 do 3200
a u proseku 1680 + 42,40 cvetova po cvasti (Tab. 2A). Muski cvetovi su sa viSestruko
intenzivnijim mirisom od dvopolnih. Jedan deo mugkih stabala u lokalnim populaci-
jama cveta po drugi put, pocetkom avgusta meseca. Pri drugom cvetanju raste broj
prostih u odnosu na zastupljenost zbirnih cvasti. SloZzene cvasti obrazovane avgusta
meseca su krace, uZe i sa manje bo¢nih grana u prostim cvastima. Nakon osipanja
muskih cvetova samo na jednom stablu od nekoliko stotina osmatranih, uoéena je
pojava dvopolnih cvetova tj. mozai¢nih cvasti izgradenih od dominantno muskih i
malog broja dvopolnih cvetova (Fig. 2). Postojanje dvopolnih cvetova u muskim
cvastima ovog stabla nocljivo je usled brzog rasta buduéih plodova. SuSenje osovina
cvasti nakon opadanja muskih cvetova dovodi do suSenja obrazovanih, retkih plodova,
koji opadaju zajedno sa osovinama muskih cvasti. Sakupljanjem i setvom zelenih
plodova sa ovakvih mozai¢nih stabala, moguce je u uslovima laboratorije odgajati
vitalne sadnice pajasena.

H

Fig. 1. — Prosta (1A, Ievo) islozena (1B, desno) cvast pajasena
Simple (1A, feft) and compound (1B, right) male inflorescence of ailanthus
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Fig. 2. = Delovi sloZene mugko-dvopolne cvasti pajasena na retkim  u skupinama
krilatim oraSicama u sazrevanju (2A, levo). Kro$nja dvopolnog stabla pajasena sa
brojnim + uspravnim, & horizontalnim i vise¢im sloZzenim plodnim cvastima (2B,
desno) pajasena
Parts of mosaic male-bisexual inflorescence with rare @ gathered winged ripening fruits (2A, left). Bise-
xual ailanthus crown with numerous @ upright, horizontal and drooping, compound fruiting
inflorescences (2B, ripht)

Dvopolni evetovi pajasena grupisani su u dvopolm (musko- hmkc) uspravne
proste isloZene, uspravne, + horizontalne i retko visece cvasti (Tabls. 1B 1 2B). DuZine
prostih cvasti po analiziranim stablima variraju od 1 do 28 ¢m sa srednjom vrednoscéu
za 250 cvasti od 21,78 £ 1,50 cm (Tab. 1B). Srednja $irina prostih cvasti varira od S do
19 cm sa srednjom vredno$cu od 13,16 + 1,39 em. Broj bo¢nih grana varira od 5 do 13
sa srednjom vrednogéu od 10+ 0,10. Srcdnjl broj dvopolnih cvasti varira od 1 do 300 sa
ukupnom srednjom vredno$éu od 117 + 3,67 cvetova. Od Cetiri analizirana svojstva
prostih dvopolnih cvasti najpromenljiviji je broj cvetova na §ta ukazuju i vrednosti za
standardnu devijaciju i varijacioni koeficijent. SloZene dvopolne cvasti sastoje se od
vise, obitno 4 do 6 prostih cvasti. Ukupna duZina im je 32,26 + 0,65 c¢m, §irina u proseku
38,22 4 0,41 cm a ukupan broj cvetova 876 + 26,78 cvetova (Tab. 2B). Eventualno
prisustvo mozai¢nih cvasti nije utvrdeno, verovatno zbog brzog opadanja muskih
cvelova nakon opraSivanja kao i zbog velike retkosti ove pojave. Analizirane sloZene
muske i dvopolne cvasti sastoje se od prostih, pojedinacnih cvasti. Prema karakteru
rastenja one su zatvorenog tipa, 1j. primitivnije grade, §to svedodi o srodnosti ove vrste
sa drugim vrstama roda, rasprostranjenim u jugoistocnoj Aziji, Indoneziji i Australiji
(Jovanovi¢, 1987, Vukicevi¢, 1973 i dr.). Izuzetno, pri neoteniji, cvetovi pa-
Jjasena po]dvl;u]u se pojedinacno i terminalno na klijancima (FFig. 3) starosti od 33 dana
(Tucovié, Isajev, Orlovié, 1996).
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Iig. 3. — Rano cvetanje pajasena u uzrastu klijanaca. Pojedinacni, terminalni cvetni
pupoljak (3A, levo) i muski cvet na klijaveu (3B). Opsti izgled klijanca pajasena u
uzrastu od 33 dana (3C, desno)

EZarly flowering ailanthus seedling. Solitary terminal flower bud (3A, left) and male flower on a seedling
(3B); general appearance of ailanthus seedling 33 days old (3C, right)

Muska i dvopolna stabla pajasena u razli¢itim kombindciidmd sa brojem semen-
skih stabla u lokalnim populacijama, obezbeduju sve tipove opraivanja pajasena: od
stranog opraSivanja {autbridinga) do ukr$tanja u vecem ili mdmem srodstvu (inbrid-
inga). Proste i zbirne muske cvasti doprinose stranom oprasivanju, a sloZene plodne
cvasti dorpinose uspeSnom rasejavanju plodova — semena, konkurentnsoti i ek-
spanzivnosti stabla pd]dsend u cenozama gradskih, industrijskih i turistickih naselja
(Fig. 4). Strano opmswanjc (izmedu muskih i dvopolinih stabala, izmedu dvopolnih
smbdid} kao i opradivanje u srodstvu (izmedu susednih stabala, polusrodnika i samoo-
praSiva-njem}, brz rast, obilan rod (Tab. 3}, raznovrsnost potencijainih stanidta,
omoguduju optimalno prevodenje potencijalne genetitke promentjivosti u siobodmu
promenljivost, dostupnu prirodnoj selekeiji. Velika slobodna promenljivost klijanaca,
mhdi’n a i odrasnih stabala bar delimi¢no objasnjavaju konkurentnost i ekpanzivnost

stabala pajasena u cenozama drveda u gradskim naseljima kao i uspefan rast i opstanak
inae Lsiu mnim nalazi$tima u nas.

Proutavanje faktora koji kontroli§u razvice potencijalnik osobina bifjke jedan je
od najznacajnijih zaataka savremene botanike, sa aspekta fundamentalne nauke kao i
zbog osobina biljaka koje su na razlicite natine neophodne i korisne. Usled toga,
aktuclne probleme hormonalne regulau]e polnog dimorfizma biljaka u nas istraZivalo
jevise autora(Culafic¢ iNesSkovi¢, 1974; 1975; Culafié, 1984 i dragi). Pajasen
je pogodna vrsta za eksperimentalna | 17ucavan;a uzroka polne d1fbrencqacue hormo-
nalne regulacije polnog dimorfizma i dr. kod drveca s obzirom na rano cvetanje, izraZen
polni dimorfizam, gradu cvasti, brz rast, obilnost roda i konkurentnost stabala na
nizijskim i brdskim stanitima Srbue.
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Tab. 3. - Procena obilnosti roda dvopolnih stabala iskazana u zavisnosti od uzrasta
maticnih stabala
Assessment of seed crop abundance of bisexual trees of heaven depending on age

Broj Starost (minimalan) srednji (maksimalan) Srednji rod po
stabala broj plovoda u hiljadama stablu u kg
Number (minimum) mean (maximum) Mean seed crop
of trees Age _____number of fruits in 000 per tree inkg

20 4 (0) L5 (3) 0.03
20 5 (1) 4.0 (8) 0.12
20 6 (1) 16.0 (26) 0.50
20 10 (12) 100.0 (154) 3.38
20 15 (30) 80.0 (180) 2.66
10 20 (52) 150.0 (180) 5.00
10 25 (83) 200.0 (270) 8.66
10 30 (75) 180.0 (290) 6.00
5 35 (103) 200.0 (300) 6.66
5 41 (80) 160.0 (210) 5.33

Iig. 4. - Mugko stablo pajasena sa prostim cvastima odraslo na potpornom zidu mo-
sta ,Bratstvo i jedinstvo” na Savi (4A, levo)
Matle ailanthus with simple inflorescences, growing on the retaining wall of the bridge ,Bratstvo i jedi-
nstvo” on the river Sava (4A, left)
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ZAKLIUCAK

U radu se iznose novi podaci o specificnom polnom dimorfizmu u lokalnim
populacijama pajasena (muska i dvopolna stabla pajasena u razli¢itim odnosima), o
svojstvima prostih i zbirnih cvasti i evidentira retka pojava pojedinacnih, terminalnih
cvetova na klijancima starosti od 33 dana. Autori opisuju dva tipa muskih i dva tipa
dvopolnih cvast, koje se javljaju na razli¢itim stablima. SloZene muske i dvopolne cvasti
su u osnovi jednostavne grade, sastoje se od 2 do 13 prostih cvasti, zatvorenog tipa.
Proste cvasti su uglavnom uspravne, a sloZzene uspravne, horizontalne i retko i visece.
Mozai¢ne musko-dvopolne cvasti su vrlo retke a evidentirane su po prvi put samo na
jednom od velikog broja posmatranih stabala pajasena u Srbiji. Proste i zbirne muske
cvasti doprinose stranom opraSivanju, a dvopolne stranom opradivanju i samoo-
prasivanju. SloZene plodne cvasti uslovljavaju uspeSno rasejavanje semena — plodova
sa krilatim dodacima, prilagodenih anemohoriji, a smanjena konkurentnost u urbanoj
sredini uslovljava ekspanzivnost stabala pajasena u cenozama gradskih, industrijskih i
turistickih naselja.

Pajasen je pogodna vrsta za eksperimentalna izuc¢avanja uzroka polne diferenci-
jacije u lokalnim populacijama, hormonalne regulacije polnog dimorfizma i dr. kod
drveca, s obzirom na rano cvetanje, izrazen specifi¢an polni dimorfizam, gradu cvasti,
brz rast, obilnost roda, ekspanzivnost i konkurentnost stabala na nizijskim i brdskim
stani§tima Srbije.
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Summary

ALFKSANDAR TUCOVIC, VASILIJE ISAJEV

AILANTHUS DIMORPHISM AND FUNCTIONS OF FLOWERS AND
INFLORESCENCES

Faculty of Forestry, Belgrade, Yugosiavia
The paper gives the new data on the specific sexual dimorphism in the local tree

of heaven populations (male and bisexual trees of heaven in varying ratios), on the
properties of simple and compound inflorescences, and also a rare phenomenon of
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solitary, terminal flowers on 33-day-old seedlings has been reported. Two types of male
and two types of bisexual inflorescences occurring on different trees have been de-
scribed. Compound male and bisexual inflorescences have basically a simple structure,
consisting of 2 to 13 simple inflorescences, of the closed type. Simple inflorescences
are mainly vertical, and compound ones are: vertical, horizontal and rarely drooping.
Mosaic, male-bisexual inflorescences are very rare and have been observed for the first
time only on one, out of a great number of the observed trees of heaven in Serbia.
Simple and compound male inflorescences contribute to outbreeding, bisexual ones to
outbreeding and self-pollination, and compound fruiting inflorescences 1o successful
dissemination of seeds — fruits, competition and aggressiveness of trees of heaven in
our country in the plant communities of urban, industrial and tourist settlements.

Tree of heaven is a suitable species for experimental study of the causes of sexual
differentiation in local populations, hormonal regulation of sexual dimorphism etc. in
frees, considering its early flowering, an expressed specific sexual dimorphism, inflo-
rescence structure, fast growth, abundant vield, aggressiveness and competition of trees
in lowland, hilly and upland sites in Serbia.
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Blazen¢ic ). (1995): Floristic characteristics of the macrophytic vege-
tation in Lake Savsko near Belgrade (Serbia, Yugoslavia). — Glasnik Insti-
tuta za botaniku i botanicke baste Univerziteta u Beogradu, Tom XXIX,
167 - 173.

A comparative analysis of the flora of Lake Savsko recorded at
present and ten years ago has been performed. Significant differences in
the floristic composition as well as in the spatial distribution of the
populations have been identified in these ten years. Out of 24 species
recorded in total, 17 have been noticed for the first time at this locality.
Most species are widespread in slow-running and stagnant waters of
Serbia. Nitella mucronata represents a new species in the flora of Serbia.

Key words: reservoir, macrophytes, lake overgrowing,
Kljuc¢ne reci: vodojaza, makrofite, zarastanje jezera.

uUvoD

Savsko jezero, plitka mikroakumulacija izloZena intenzivnom antropogenom
uticaju, u litoralnom delu lako obrasta makrofitskom vegetacijom. U slobodnoj vodi
jezera Cesto se javlja masovno razvide algi. To u velikoj meri narugava osnovne namene



) GLAS. INST. BOT. ] BASTE UNIV. U BEOGRADU, 29, 167 - 173, 1995(1997).
168 J.BLAZENCIC : MAKROFITE SAVSKOG JEZERA KOD BEOGRADA

ovog jezera, a to su snabdevanje Beograda vodom i njegovo kori$éenje kao reprezen-
tativnog I atrakiivnog sportsko-rekreacionog centra.

Da bi jezero funkcionisalo u skladu sa namenom neophodno je njegovo stalno
odrzavanje 1 periodi¢no generalno Cicéenje. Jedna od takvih akcija preduzeta je 1983.
eodine, kada je i uradena obimna limnologka studija o povecanju biomase u jezeru i
efektima njenog suzbijanja (Jankovid¢ ctal, 1983).

) uzrocima koji dovode do cutrofikacije i zaraéivanja Savskog jezcra,
problemima koji iz toga proizilaze i 0 merama koje treba preduzeti da se ono odrzava
u granicama projektovanih namena ukazuje niz autora (Obuskovié, 1978, 1979,
Kalafati¢etal, 1984, Jankovi¢ & Jankovid, 1987).

Buducdida je od ¢iscéenja Savskog jezera proslo vise od deset godina i da je ponovo
aktuelan problem zara$éivanja, interesovalo nas je da uporedimo prethodno sa
sadadnjim stanjem u pogledu flore koja se nalazi u jezeru 1 njenog prostornog ras-
poreda, ustanovimo eventualne razlike i iste protumacimo.

MATERIJAL I METODE

Proucavanja flore i prostornog rasporeda populacija makrofita u Savskom jezeru
na Ada Ciganliji, obavljena su u junu i julu 1994., februaru i aprilu 1996. godine.
IstraZivanja su viSena iz camca metodom poprecnih i uzduZnih transekata. Uzorci su
uzimani duZ transekata na svaki metar dubine. Sakupljeni materijal je fiksiran i
konzerviran u 4% formaldehidu i ¢uva se u zbirci Instituta za botaniku Bioloskog
fakulteta u Beogradu (BEOU!).

Na jezeru su registrovani osnovni ekoloski faktori: temperatura, pH i providnost
vode, fizicko svojstvo dna i dubina sa koje je materijal uziman. Temperatura je merena
digitalnim termometrom tipa DT1, proizvodaé , Dalmacija”, providnost je odredivana
Secchi-jevim diskom prec¢nika 25 em, a reakcija vode (pH) pchametrom. Materijal je
sakupljan posebno konstruisanim grabilima (Blazen¢i¢ & Blazentic¢, 1991).

Determinacija vrsta izvr$ena je na osnovu kljueva Gollerbah & Krasa-
vina (1983), Josifovié¢ (1970-1977), Komarov & Ellin (1934), Hegi
(1965).

REZULTATI

Karakteristike biotopa

Na juZnoj strani Ada Ciganlije, nekada3njeg ostrva, a sada poluostrva na reci
Savi koje je od centra Beograda udaljeno samo 4 km, nalazi se Savsko jezero (Fig. 1).
L.ez1 na nadmorskoj visini od 70 m. OkruZeno je Sumomvrbe (Salix alba L..), bele topole
(Populus alba 1..), hrasta laznjaka (Querqus robur 1) i dr.

Mikroakumulacija Savsko jezero formirana je kao vodoprivredni i sportsko-re-
Kreativni objekat 1967. godine pregradivanjem rukavea reke Save.

Jezero ima oblik blago savijene kifle. Dugacko je 4,2 km. Prosecna dubina jezera
je 45 m, a maksimalna 12 m. U najveéem delu Siroko ;e oko 200 m. Prostire se na
¢ini od 86 ha I e = ralazi ok . o G .
povisini od 86 ha. U njemu se nalazi oko 4 x 10° m” vode. Vodom se snabdeva
prepumpavanjem iz Save, preko taloznika.
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ADA MrEDICA

SAVSKO JEZERO

Y .
> TALOZSTK

Fig. 1. — PoloZaj Savskog jezera u Beogradu
Position of Lake Savsko in Belgrade

Dno Savskog jezera je po svojim fizickim osobinama razlicito. Veci deo priobal-
nog dela je $ljunkovit. U ostalom delu jezerskog basena dno je muljevito - peskovito,
muljevito i glinovito. Po konzistenciji dno varira od rastresitog do ¢vrstog,.

Temperatura vode od povriine do dubine od 5 m, {j. u zoni gde s¢ nalazi
makrofitska vegetacija, uglavnom je ujednacena. U aprilu razlika u temperaturi izmedu
povrinskog sloja (9.2°C) i na dubini od 5 m (7,8°C) iznosila je 1,4°C, a izmedu povrsine
i 4 m dubine razlika je samo 0,5°C. U junu temperaturna razlika, izmedu povisine i 5
m dubine iznosila je 0,9°C, dok je u julu i na povrsini i na dubini od 3 m dubine izmerena
ista temperatura od 27°C.

U toku zime jezero je Cesto zaledeno. Led se ponekad zadrzava i u duZem
vremenskom periodu i dostize debljinu 20-30 cm, koliko smo izmerili u februaru 1996.
eodine.

Providnost vode veoma varira kako sezonski, tako i na razlicitim mestima u
jezeru. U prolede voda je bistra i sa izuzetnom providno$éu od 4,7 m. Pocetkom juna
providnost opada na 2.2 - 2,6 m, da bi u julu u blizini obale iznosila samo 0,8 m, a u
centralnom dela 1,2 m.

Voda Savskog jezera je bazne reakcije (pH 8,2 - 8,72).
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Floristicki sastav vegetacije

U makrofitskoj vegetaciji Savskog jezera dominantnu ulogu imaju vaskularne
biljke, a samo sporadi¢no javljaju se i makroskopske kondaste ili sloZenije grade alge -
priljencice (Charophyta).

Vegetacija Savskog jezera predstavljena je emerznim, flotantnim i submerznim
biljkama.

Emerzne i flotantne biljke zadrzale su se u severoistoénom i jugozapadnom delu
jezera. Tu se razvijaju u vidu potkovice i pruzaju duz obala prema centralnom delu
jezera, gde se ubrzo gube, jer su severozapadna i jugoistoéna obala u najveéem delu
uredene kao kupalista.

U zoni emerznih biljaka konstatovane su sledede vrste:

Schoenoplectus lacustris (L.) Palla*

- mala populacija u severoisto¢nom delu jezera u blizini taloznika, na dubini od
0.5 m.

Bolboschoenus maritimus (L.) Palla* - u jugoisto¢nom i severozapadnom delu
jezera na dubiniod 1 m.

Typha latifolia L.* - u severozapadnom, delu jezera na dubini od 1 m.

Polygonum amphibium 1..* - oko jezera na dubini od 0,5 m.

Alisma plantago-aquatica L.* - u jugoistotnom delu jezera na dubini do 0,5 m.

Butomus umbellatus 1..* - na jugozapadnoj i severozapadnoj obali jezera, na
dubini do 0,5 m.

Eleocharis palustris (L.) Roem. et Schult.* - malobrojna populacija u
severoisto¢nom delu jezera u blizini taloZnika.

Mentha aquatica L.* - malobrojna populacija u jugoistoénom delu jezera na
dubini do 0,5 m.

Kao emerzna i zona flotantnih biljaka je redukovana i diskontinuirana. Malo-
brojni predstavnici biljaka plivajuéih listova zabeleZeni su mestimicno oko celog jezera,
a nesto viSe su zastupljeni u njegovom severozapadnom i jugoistoénom delu.

Potamageton natans L. - u severozapadnom delu jezera na dubini 1-1,5 m.

Potamogeton nodosus Poir.™ - mestimi¢no oko celog jezera, na dubini 1,5 do 2 m.

Salvinia natans (L.) AlL* - naden samo jedan primerak u blizini tornja.

U Savskom jezeru je najrazvijenija i vrstama najbogatija zona submerznih
biljaka. One se nalaze od same obale pa do dubine od 6 m.

Batrachium cireinatum (Sibth.) Spach.” - konstatovan na viSe mesta u blizini
obale.

Batrachiwm trichophylhun (Chaix.) Van den Bosch* - konstatovan na vi§e mesta
u blizini obale.

Myriophylium spicatum L. - od priobalnih plicaka do dubine od 5 m, oko celog
jezera. Dominantna vrsta. Gradi kontinuiranu zonu na dubini izmedu 2 - 4 m. U zoni
Krocanja (Myriophyllum spicatum) u toku leta izmerena je temperatura 27°C, a u toku
zime sasvim dobro se odrzava, u vidu dobro razvijenih podvodnih livada u kojima leze
Juspavani” Sarani, pri temperaturi od +2°C do +5°C.

* - nova vrsta za lokalitet



GLAS. INST. BOT. I BASTE UNIV. U BEOGRADU, 29, 167 - 173, 1995(1997).
I m A/I N( 1C : MAKROFITE SAVSKOG JEZERA KOD BEOGRADA 171

Potamogeton pectinatus L. - mozaiCno obrasta priobalne delove jezera (do 1 m
dubine), na mestima gde su posedene emerzne biljke (,kréevine™).

Potamogeton pusillus 1..* - konstatovan na istim mestima kao i Potammaogeton
pectinalus.

Potamogeton lucens L.* - naden samo jedan primerak na juZnoj strani jezera,
preko puta tornja, na dubini od 1,5 m - 2 m.

Potamogeton crispus 1. - konstatovan na juZnoj obali jezera, preko puta tornja, u
zoni Sume ispred plaZe, na dubiniod 1,5 m -2 m.

Najas minor Pers. - konstatovan na istim mestima kao i Pofamogeton pectinatus.

Najas marina All. - vrlo retka u priobalnim delovima jezera, brojnija u dubljim
jezerskim zonama. Mozaifno rasporedena oko celog jezera. Gradi donju granicu
rasprostranjenja makrofitske vegetacije na dubini od 6 m.

Ceratophyllum demersum 1.., - naden samo jedan primerak.

Chara contraria Br. ex Kiitz.* - konstatovana u severozapadnom delu jezera,
preko puta tornja, u zoni Sume ispred plaZe, na dubini od 1 m, sa Potamogeton nodosus.

Chara globularis Thuill.® - na istom mestu kao i Chara contraria, ali na mikro-
stani$tu u neSto dubljoj vodi - 2 m, zajedno sa Potamogeton crispus i Nitella mucronata.

Nitella mucronata (A. Br.) Mig.* - kao Chara globularis.
DISKUSIJA

Na Savskomjezeru, od tri tipi¢ne vegetacijske zone, dobro je razvijena samo zona
submerznih biljaka. Ostale dve, zona emerznih i zona flotantnih biljaka, veoma su
rudimentirane 1 nalaze se samo na mestima koja nisu uredena za kupace.

Floristickom analizom makrofitske vegetacije konstatovano je prisustvo 24 vrste
od kojih 8 pripada emerznim, 3 flotantnim i 13 submerznim biljkama. Medu submer-
znim makrofitama nalaze se i 3 viste makroskopskih algi iz razdela Charophyta.

Uporednom floristickom analizom sada$njeg sa stanjem od pre deset godina koje
suopisaliJankovi¢ & Jankovié (1987) ustanovljene su znacajne razlike. One
se ispoljavaju kako u broju zabeleZenih vrsta (ranije 12, sada 24), tako i u odnosu na
sastav vrsta Koje grade makrofitsku vegetaciju. U oba floristicka spiska zajednicko je
samo 6 vrsta: Pommog()ton natans L., Potamogeton rmpus L., Potamogeton pectinatus
L., Myriophyllum spicatum L., Najas minor Pers. i Najas marina AllL Na lokalitetu Savsko
jezero prvi put je zabeleZeno prisustvo 17 vrsta, od kojih su 16 $iroko rasprostranjene
u sporotekucim i stajacim vodama Srbije (u spxsku obeleZene znakom *). Za razliku od.
predhodnih, vista Nitella mucronata (A. Br.) Mig. je veoma retka u flou Srbije.

Zabclezena je jos samo u jezeru kod Blaca u blizini Prokuplja (BlaZzen¢ié J. &
7., 20.08.1986, BE Ouh.

ZapaZzeno je da pre deset godina nije zabeleZena ni jedna emerzna vrsta, a sada
ih ima osam. 1z te Cinjenice i mesta gde se razvijaju, na neuredenim delovima jezera,
moze se ld]\l]llu(l da bi se ova zona m/vxla oko celog jezera da priobalni deo nije pod
kontrolom i mtcrvuncuom Coveka (poSljuncavanje 1 uklanjanje ve getacije). Sli¢no
tumacenje moZe se dati i za odsustvo zone flotantnih bll]akd Umesto ranije prisutnih
lokvancica (Nymphoides flava Hill.) i sodivice (Lemna minor 1..) sada se kao najbrojnija
- medu flotantnim biljkama javlja vrsta Potamogeton natans L.

U zoni submerznih biljaka apsolutnu dominaciju i edifikatorsku ulogu ima vrsta
Myriophyllum spicaum 1.. Pre deset godina ta uloga je pored ove vrste, pripadala i
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vrstama Ceratophyllum demersum L. Myriophyllum verticillatum 1.., i Potamogeion
crispus 1. (Jankovié & Jankovié, 1987). U toku naSih istrazivanja vrstu Myrio-
phyllum verticillatum 1.. nismo nasli, od viste Ceratophyllum demersum 1. nasli smo
samo jedan zakrzljali primerak, a Potamogeton crispus 1.. konstatovan je samo na
jednom stani§tu sa malim brojem individua.

Da bi smo razumeli navedene promene nuzno je da ukaZemo i na podatke o
vertikalnoj distribuciji makrofita u Savskom jezeru. Submerzne biljke naseljavaju dno
od obalskih pli¢aka do dubine od 6 m. Medutim, kontinuirana zona submerznih biljaka
oko jezera u kojoj je osnovni graditelj vegetacije vrsta Myriophyllum spicatum ..., nalazi
se na dubini izmedu 2 m i 4 m. U zoni do 2 m dubine biljke mozai¢no obrastaju dno i
u pogledu svoje produkeione uloge nisu usada$njem trenutku toliko znacajne za jezero.
Ispod 4 m dubine mozai¢no se javljaju fragmenti populacija Myriophyllum spicatum L.
i Najas marina All. sve do donje granice rasprostranjenja makrofita na dubini od 6 m.

Pre deset godina na donjoj granici rasprostranjenja makrofita najcesce se nalazila
vrsta Ceratophyllum demersum i to na razlicitim dubinama od3.5do80m(Jankovié
& Jankovié, 1987). Povlatenje donje granice rasprostranjenja makrofita sa 8§ m,
pre desct godina, na 5 - 6 m, danas, izzone Ceratophyllum u zonu Myriophyllum spicatum
- Najas marina predpostavljamo da je nastalo zbog smanjenja transparencije jezerske
vode.

Veéa biologka raznovrsnost makrofitske flore Savskog jezera ostvarena u protek-
lom desetogodi$njem periodu, kao i promene u prostornom rasporedu populacija jo§
jedna su potvrda bioloske fleksibilnosti i ekoloske adaptivnosti Zivog sveta na promenc
uslova Zivotne sredine.
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Summary

JELENA BLAZENCIC

FLORISTIC CHARACTERISTICS OF THE MACROPHYTIC VEGETATION IN
LAKE SAVSKO NEAR BELGRADE (SERBIA, YUGOSLAVIA)

Institute of Botany and Botanical Garden, Faculty of Biology, Belgrade

The Lake Savsko reservoir is situated only 4 km away from the centre of Belgrade.
Since its foundation in 1967 as a water-supply unit and a sporting and recreational
centre, it has been subjected to significant anthropogenic influence. Its littoral is being
permenently overgrown by the macrophytic vegetation (Jankovic¢ et al, 1983,
Kalafatic¢,etal, 1984, Jankovié¢ & Jankovié, 1987).

Comparing the data on the flora and on the spatial distribution of specics and
their populations recorded 10 years ago with the present situation, including the results
of actual measuring and descriptions of relevant ecological conditions, the authors
wanted to identify the eventual changes in the state of the lake.

According to the results of this investigation, significant changes have occurred
regarding the number of species living in the lake (24 species living now instead of 12
in 1987) as well as the composition of the species in the present macrophytic vegetation.
Only 6 species recorded in 1987 are present today: Potamogeton natans, P. crispus, P.
pectinatus, Myriophyllum spicatum, Najas marina and Najas minor. The remaining 17
species, the majority of which are widespread throughout Serbia in calm slow-running
and stagnant waters, are recorded for the first time in Lake Savsko. Nitella mucronata
is a new species in the flora of Serbia.

Out of three dominant species in the lake, recorded in 1987, only Myriophyllium
spicatm has remained, while Ceratophyllum demersum and Myriophyllum verticillatiun
disappeared.

The authors presume that the small transparency of water (0.8 - 2,6 m during the
vegetative period) caused the dislocation of macrophytes to the lower limit (from 8 m
in 1987 10 6 min 1996). The other factors, such as the resistance to the low temperatures
of water, reproduction rate, competition with other species, are hard to define without
a supplementary examination. The species Myriophyllum spicatum survives extremely
well during the winter period under the ice, being adapted to low water temperatures
that range from +2 10 +5°C.

However, the Ceratophyllum zone, which represented the lower limit of the
macrophytic vegetation between the depths of 6 and 8 m, disappeared during the last
10 yeary. At present, the lower limit of the macrophytic vegetation is edified by
Myriophyllum spicatiun at depths of 2 to 4 m. Within d%pt.h ranges {rom 4 to 6 m, only
the populations of Najas marina appear mosaically, occasionally associated with Myrio-
phvilm spicatum.

Regarding the lake overgrowing, nowadays it is evident that, for the last 10 years,
the lake has not become overgrown in total, as it was predicted (Jankovi¢ &
Jankovic, 1987). On the contrary, the zone of the macrophytic vegetation has been
reduced and, as a result, the lake bottom has become wider. This situation represents
the effect of an action of the lake-cleaning service and arrangement of the lake banks
along the bathing-place. On the other hand, low values of the water transparency
influenced also the shift of the lower limit of the macrophytic distribution to a depth
of 6 m.
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The results of the study of lignicolous flora of lichens found in Mali
Zvornik and Arandelovac town are presented here.

By examining the collected samples, the presence of 15 genera with
33 species and 12 genera with 29 species were established in Mali Zvornik
and Arandelovac, respectively.

On the basis of the distribution of determined taxa and by using
qualitative scale for air pollution, three zones (with two subzones) in terms
of air pollution were established in Mali Zvornik, and only two zones in
Arandelovac.
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INTRODUCTION

The papers concerned with the study of lichens and the correlation of their
development with air pollution, are numerous (seeS avi¢ etal, 1996). Unfortunatelly,
papers dealing with lichens occurring in Serbia are scarce. However, in the past few
years, there has been a surge of interest for the investigation of urban lichens as
bioindicators of air pollution (Cvijan etal, 1992; Stamenkovi¢, 1992, Milic,
Blazencic¢, 1993; Cvijan, Stamenkovic, 1996).

The results of the study of lignicolous flora of lichens found in two small Serbian
towns, in contrast to previously investigated big ones with very high air pollution, are
presented here. By using bioindication values of numerous species, adequate zones in
terms of air pollution (especially with sulphurdioxide) have been established.

MATERIAL AND METHODS

Samples of lichenes were collected from wooden surfaces of various type, mainly
bark, from the urban territory of Mali Zvornik (May-August 1992) and Arandelovac
(spring 1992).

The analysed samples were gathered from 59 and 91 points in Mali Zvornik and
Arandelovac, respectively. The points were precisely marked on the maps of Mali
Zvornik and Arandelovac along with the data on the type of surface the lichens were
collected from.

The collected material was examined in the Institute of Botany and Botanical
Giarden ,Jevremovac” in Belgrade by using the available literature (see Savic etal.,
1996).

RESULTS AND DISCUSSION

MALI ZVORNIK (Litlle Zvornik) is a small town in Podrinjska arca, with small
number of inhabitants. It lies on the right bank of the Drina river (Fig. 1). The town
area has very heterogeneous relief, the average altitude of which is 160 m. The climate
is moderately continental with average annual temperature of 10°C (apsol. max. 34.
apsol. min. -16°C) and average annual precipitation of 1025 mm. The west and
north-west winds prevail and also south-west in the spring. However, the influence of
the Drina river and great differences in the altitude between various points within the
town area, are very importnat.

Although Mali Zvornik has prerequisites for good quality of air, still it is polluted.
Namely, there are many boiler plants for heating of individual houses and big buildings.
Some factories, especially lime-kiln, also use oil and coal for heating and for normal
working process round the year. There is also mechanical pollution brought about by
small parts of dust particles from the quarry ,,BuCevski potok” and from the stone cube
production plant at the locality Radalj. The main communication routs passing through
the greatest part of the urban arca of Mali Zvornik, and heavy transit traffic have also
harmful impact on the air quality.

By examining the collected smaples, the presence of 15 genera with 33 species
was established (Tab. 1).
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Istrazeni gradovi u Srbiji
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Tab. 1. - The determined lichien taxa from urban tervitary of investigatrd towns
Odredeni taksoni li8ajeva sa urbanog podrudja istrazenih gradova

Nos.  Taxa presence
M. Zvornik.__Arandelovac

Arhonia dispersa (Schrad.) Nyi. +
Arthonia radiata (Pers.) Ach. +
Arthothelium sardoum Bagl.
Buellia punctata (Hoffm.) Massal.
Caloplaca aurantiaca (Lightf.) Th. Fr.
Caloplaca luteoalba (Turn.) Th. Fr.
Candelariella xanthostigma (Pers.) Lett.
8. Cladonia fimbriata (1.) Fr.
9. Lvernia prunastri (L.) Ach.
10. Graphis elegans (Sm.) Ach.
11. Graphis scripta (L.) Ach.
12. Hypogymnia physodes (1.} Ach.
13. Lecanora campestris (Schaer.) Hue
14. Lecanora carpinea (1..) Vain.
15. Lecanora chlarona (Ach.) Nyl.
16. Lecanora chlarotera Nyl.
17. Lecanora intumescens (Rebent.) Rabenh.
18. Lecanora subfusca (L.) Ach. em. Hue
19. Lecanora sp.
20. Lepraria aeruginosa (Wigg.) Sm.
21. Lepraria sp. Ach.
22. Opegrapha atra Pers.
23. Parmelia caperata (1) Ach.
24, Parmelia dubic (Wulf.) Schaer.
25, Parmelia fudiginosa (Fr.) Nyl.
26, Parmelia perlata (Huds.) Ach.
27, Parmefia quercing (Willd.) Vain.
28, Parmelia saxatifis (1..) Ach.
29, Parmelia scortea Ach.
30. Parmelia sulcata Tayl.
Pertusaria albescens (Huds.) Chosisy et Wern.
Pertusaria isidioides ( Schaer.) Arn.
Physcia aipolia (Ehrht.) Hampe
Physcia ascendens Bitter
Physcia caesia (Floffm.) Hampe
Physcia grisea (Lamk.) Lett.
Physcia leptalea (Ach.) DC.
. Physcia orbicularis (Neck.) Poetch. em DR.
Physcia pulverulenta (Schreb.) Hampe.
. Physcia stellaris (1..) Nyl. em Harm.
. Physcia tenella (Scop.y DC. +
47 Xanthoria fallax (Hepp) Arn.
_ 43 Xanthoria parietina (1) Beltr. +
_ Total: 34
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The individuals of determined lichens were gatherd from the bark of varous trees

(Tab. 2).

Tab. 2. — The investigated points in Mali Zvomik with determined lichen taxa
Istrazene tacke u Malom Zvorniku sa taksonima liSajeva koji su odredeni

Nos. of Points of sampling Types of surface

sampl.

Nos. of taxa
from. Tab. 1

1.

D

~ o

9.
10.
11.

12

13.
14

15.
16.
18.
19.
20.

21

22

23.

24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34,
35,
36.

Radnicka street

Bucevacki brook

2”2

"

distribution plants
Milosa Gajica
street

”»

bl

Zvezdara

Marsal Tito street

2
»

»

Aesculus hippocastanum L.

Juglans regia 1..

Acer pseudoplatanus 1.
Prunus domestica 1.
Prunus avium L.

Thuja orientalis 1..
Juglans regia L.

Populus nigra 1.
Quercus robur L.
Malus sylvestris Miller
Betula pendula Roth.
Tilia argentea Desf.
Prunus domestica 1.
Morus nigra L.

Acer campestre 1.
Fraxinus excelsior L.
Prunus avium 1.

Robinia pseudoacacia 1.

Juglans regia 1.
Cornus mas 1.
Juglans regia 1.
Prunus avium L.

Morus nigra 1.
Prunus domestica 1.
Tilia argentea Des.
wooden enclosure
Prunus avium L.
Fraxinus excelsior 1..
Quercus L.

Robinia pseudoacacia 1..
” (margin of forest) Robinia pseudoacacia 1.

Populus nigra 1.
Juglans regia 1..
Prunus avium 1..
Tilia argentea Desf.

1,4,13,20,30,28,33.34,
36,38, 41,43
4,13,17.34, 43
33,34

4,34

30, 34

34
2,4,5,6, 14, 16, 22, 30,
34,38, 43

1

34

8,9,23,33, 34,38, 43
34,43

1,11

12, 13, 24, 34, 38, 43
34,38, 41, 43

4

22

23,30

38,43

11,22, 43

32,

38,43

11

38,43
7,34,43
2

1

38,43,28,7

1

7,24, 28,31, 34
1

38

4,34,43

34,43

7,30, 34, 38
7,24,34,38,43
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37. ? Sambucus nigra 1. 38,43
38. ” Taxus bacata 1. 7,34, 38, 43
39. ? Robinia pseudoacacia 1. 4,35
40. 7 Fraxinus omus 1. 39,43
41. ? Thuja orijentalis 1. 34,43
42. ” Aesculus hippocastanum L. 33,38, 43
43. ” Acer negundo L. 34, 38,43
44. ” Fraxinus excelsior 1. 34, 38,43
45. ” park Salix alba L. 6,34,38,43
46. Drinska street Prunus domestica 1. 34
47. pontoon area Populus nigra 1. 34,43
48. "Progres” DMB Populus nigra L. 25,30,34, 43
area
49. ”? Juglans regia L. 4, 18,38, 43
50. ” Fraxinus excelsior L. 7, 25,30, 34, 43
51. ” Prunus cerasus 1. 30, 34,43
52. ” Prunus avium L. 4,34
53. ? Populus nigra 1. 41
54. Medical station Robinia pseudoacacia L. 21,38
area
55. schoolyards Fraxinus ornus L. 38,43
56. lime-kiln surroun-  Corilus avelana 1.. 10
ding
57. ? Prunus domestica 1. 30, 34, 38
S8. 7 Alnus glutinosa (1..) Gaet. 38,43
59. bank of the Salix alba 1. 38

. Drina river

On the basis of the distribution of determined taxa and by using qualitative scale
for air pollution(IHawkswarth, Rose, 1970) three zones (with two subzones) in
terms of air pollution, were established:

1. lichen desert” zone (SO2 concentation over 125 ug/m3 of air),
2. Struggle” zone with:
a) inner part (SO2 concentration about 100 ug/m3 of air),
b) outer part (SO2 concentration about 60 pg/m3 of air), and
3. ,Normal” zone (SO2 concentration below 40 ug/m3 of air).
1. ,Lichen desert” zone. It is situated in the small suburban part of the town (the

river side and margins of the forest). High SOz level in the air is influenced by lime-kiln
operation.

Potential , lichen desert” zone is the area which surrounds the quarry ,.Bucevski
potok”, where only the rare individuals of no-bioindicator species of Graphis scripta
and Opegrapha atra were found. In this case, qualitative and quantitative pooring of
lichens is influenced by the dust form the quarry (at the distribution plants, close to the
quarry, dust concnetration is 2.59 times over the maximal concnetration allowed).

2. ,Strugle” zone. This zone is divided into two parts.
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The inner part of the  struggle” zone encircles a part of the settlement Vile. The
high air pollution is influenced, in the first place by the transit traffic. The subzone has
not quite clear boundaries because of the lack of adequate surface {or the lichen
development (mostly unhitewashed tress).

This subzone also encircles a part of the forest north of lime-kiln , Kamenita
devojka”. Only the species Parmelia sulcata, Physcia ascendens, Xanthoria parietina,
which tolerate average SOz concentration of about 70 um/m™ of air, survive here.

Somewhat better quality of air in this subzone is influenced by the nearness of
the River and forest (higher level of humidity, circulation of air along the river), and
by north-west wind.

The outer part of the struggle” zone encompasses the greatest part of the
investigated area. The lichens, occurring close to distribution plant, are most poorly
developed due to the dust from the quarry. On the contrary, the best qualitative and
quantitative composition of lichen flora is in the urban part of the town, along the river.

3. JNormal” zone. 1t is sitvated, primarily, in the eastern part of the settlement
Vile. Vile is near the forest and far from the central traffic communication routes. [t is
very rich inorchards. In addition to lichen species, which are susceptible to air pollution,
there are some highly developed lichen species which are not bioindicators.

It should be noted that this zone is very close to the quarry. But, between Vile
and the quarry there is the forest at the higher altitude than the quarry itself so that
the winds and vertical circulations carry off the dust over the hill in the direction S-SE.
In this way the air quality at Vile is protected.

ARANDELOVAC, including Bukovitka Spa, is situated 75 km south of Bel-
grade (Fig. 1), at the altitude of 270 m but the difference between the highest and lowest
points of the urban area is about 200 m.

The town is small with many prerequisites for good quality of air, especially great
amount of green surfaces. Namely, in the territory of Arandelovac, the parks and the
. . 3. .
other green surfaces have about 60.22 ha (about 23 m”/inhabitant).

The climate is moderately continental with average annual temperature of
10.8°C (average temperature in January is -0.2°C, in July 20.6°C) and average annual
precipitation of 753.5 mm. West and north-west winds prevail in spring and autumn,
though south-east and north-east winds are not without influence.

The primary sources of air pollution are the boiler plants for heating of buildings
and houses (52 are in the urban area, and 7 in the very center of the town), traffic (local
and transit) and industry.

By examining the collected samples, the presence of 12 genera with 29 species

was established (Tab. 1). Most of them were gatherd from the bark of various trees
(Tab. 3).
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Tab. 3. - The investigated points in Arandelovac with determined lichen taxa
IstraZene tatke u Arandeloveu sa tkasonima lisajeva koji su odredeni

Nos. of Points of samplin

Types of surface

Nos. of taxa

sampl. o fromTab. 1.
1. Marsal Tito street Tilia argentea Desf. 19, 34, 38, 43
2. 7 Tilia platyphylla Scop. 19, 38,43
3. ” Populus nigra v. italica (Much.) 19, 34
Duroi
4. Partizanska street Populus nigra v. italica 19,38
5. ” Juglans regia 1. 19, 34, 38, 43
6. ” Robinia pseudoacacia 1. 4,34, 38, 43
7. ” Castanea sativa Mill. 14, 38, 43
8. ” Pyrus domestica Medic. 34, 38, 43
9. M. MatijaSevica street Juglans regia L. 7,38,43
10. Kosmajaska street Malus sp. 38, 41,43
11. Vojina Gajica street Tilia platyphylla Scop. 15
12. ” Populus nigra v. italica 19, 38
13. Prote Isakoviéa street Tilia platyphylla Scop. 15,19, 34, 38, 43
14. 7 Robinia pseudoacacia 1. 4,34 38,43
15. 7 . Fraxinus excelsior L. 19, 34, 40, 41, 43
16. cemetary "Risovaca” Tilia argentea Desf. 11, 29, 38, 39, 43
17. » Prunus avium L. 4,34, 41
18. 7 Robinia pseudoacacia L. 29,40
19. 7 Juglans regia 1. 11,34, 40, 43
20. Bregalnicka street Pyrus domestica Medic. 34,39
21. Narodnih heroja strect Prunus anmeniaca 1. 34, 38,43
22. i Pyrus domestica Mecid. 4,7.30,34,36,43
23 ” Malus sp. 34,38
24. Nenada Zakule street Prunus domestica L. 4,30
25. SL Penezida street Robinia pseudoacacia L. 34
26. ” Populus nigra v. italica 4,19, 34, 38, 43,
27. Juglans regia 1. 38, 41
28. v Acer campestre 1. 34
29. 7 Fraxinus excelsior 1. 34, 43
30. Lomina street Tilia argeniea Dest. 4,7, 19, 34, 38
31. ” Pyrus domestica Medic. 4,36
32. 7 Fraxinus excelsior L. 7,36,42
33. I Milutinovica street Fraxinues excelsior L. 7, 34, 36, 38, 39
42,43
34. ” Tilia argentea Dest. 36,38.42,43
35. ” Prunus domestica L. 34,37, 46, 41
36. 7 Populus nigra v. italica 34,38
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37.
38.
39.
40.

o o

=

70.
. 29. Novembra street
72.
73.
74.
. 1 Sumad. odreda street

RS

2
I

kad
Dusana Dugalicéa street

2
3
R3]

»

. Vojvode Stepe street

k2l

. Ivo Lola Ribar street

2

2

Tanjugova street

M

bad

. Mose Pijade street

23

2
2

2

Milana Ili¢a street

23
b

Milana Savkovica street
k)

M. Blagojevica street

3

Prunus avium L.
Quercus L.

Populus tremula 1.
Robinia pseudoacacia L.

Juglans regia L.

Tilia argentea Dest.
Prunus domestica 1.
Morus alba 1.

Pyrus domestica Medic.
Prunus domestica 1.
Robinia pseudoacacia L.
Quercus L.

Juglans regia 1.

Acer campestre L.
Fraxinus excelsior 1.
Tilia platyphylla Scop.
Robinia pseudoacacia 1.
Quercus L.

Populus nigra v. italica
Tilia platyphylla Scop.
Juglans regia 1.
Populus nigra v. italica
Tilia argentea Dest.
Juglans regia 1.

Salix L.

Prunus domestica L.
Malus Mill.

Acer platanoides 1..
Populus nigra 1..

Pyrus domestica Medic.
Populus nigra v. italica
Fraxinus excelsior L.

Populdus tremula 1.

Populus nigra v. italica
Populus nigra v. italica
Pyrus domestica Medic.
Pyrus domestica Medic.
Juglans regia 1.

Salix L.

30
34, 36, 40

4,34
4,7, 18, 30, 34,
37,38

4,38, 41,43
5,12, 26,30
12,30

41

34,38, 41, 43
30, 37, 42
4,34,38
3,7, 34, 36, 38,
34,38, 43
34,37, 38

34,43

34,38

4,12,29
25,29, 38, 41
34,38

29,38, 39
4,5,7, 19,38, 43
29,38, 43

38, 40

38,43

30,38

19, 30, 38, 41
38,43

34,38

17, 19, 38, 43
34,37, 38

34,38

4, 19, 28, 34, 38,
40, 43

4, 7, 19, 30, 34,
38,43
4,7,19, 34, 38,43
19, 34, 38

34, 36, 38
28,34, 37,38, 41
19, 34, 37, 38
34,38
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76. ? Robinia pseudoacacia 1. 30, 34, 38
77. INA street Populus nigra v. italica 7,19, 34, 38, 41
78. ” Robinia pseudoacacia L. 34,38, 41
79. ” Acer campestre L. 34, 36, 38, 41
80. ” Fraxinus excelsior L. 4,25, 38
8L ” Tilia platyphylla Scop. 19,38
82. Vozda Karadorda street  Pyrus domestica Medic. 17,19, 34, 38
83. ” Populus nigra v. italica 34, 38, 41
84. ”? Tilia argentea Desf. 34, 38, 40, 43
S85. 7 Robinia pseudoacacia 1. 19,34, 43
86. Lenjinova street Malus Mill. 34,38
87. ”? Tilia platyphyla Scop. 34,40
88. 7 Fraxinus excelsior L. 34,38, 40
89. ” Morus alba 1.. 33,34
90. ” Juglans regia 1. 33,34,37,38
91. The slopes of mt Bukulja Quercus L. 4,9, 12, 20, 23,
27,29, 30, 33, 30,
- - ~37.41,43

On the basis of the distribution of the determined taxa, two zones, in terms of air
pollution, were established:

1. ,Struggle” zone and
2. ,Normal” zone.

1. .Strugle” zone. This zone encircles the central part of the town where the most
abundant are Buellia punctata and Lecanora sp. mixed with Physcia tenella, Ph. ascen-
dens, Ph. orbicularis and Xanthoria parietina. The thalli of the individuals of the two last
mentioned species were [requentlly more or less damaged.

On the basis of the distribution of lichen taxa and quality of their thalli, it coulci
be concluded that sulphurdioxide concentration in this zone never exceeds 100 pg/m
of air zmd is usually significantly bellow this value.

~Normal” zone. This zone encompasses the ,struggle” zone. The results of our
smdy show that sulphurdioxide concentration m thxs zone Is always bellow 70, and at
the outskirts of the town always bellow 50 uo/m of air.

CONCILUSIONS

The results of the study
towns are presented here.

of lignicolous flora of lichens found in two small Serbian

The samples were collected from 59 and 91 poits in Mali Zvornik and
Arandelovac, respectively.

MALI ZVORNIK (Little Zvornik) lies on the right bank of the Drina river.
Although Mali Zvornik is a little town with small number of inhabitants, the air is
polluted.

By examining the collected samples, the presence of 15 genera with 33 species
was established.
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On the basis of the investigations, three zones (with two subzones) in terms of
air pollution were established.

. . s : . - 3 e .

Zone of lichen desert” (SO2 concentration over 125 pe/m” of air) is situated in
the small suburban part of the town (the river side and margins of the forest). High
level of SO2 is influenced by lime-kiln operation. Potential ,Jichen desert” zone is the
arca which surrounds the quarry ,Bucevski potok”, where only the rare individuals of
no-bioindicator species were found. The pooring of lichens is influenced by the dust
from the quarry. :

Woiruggle” zone is divided into two parts.

The inner part (SOz concentration about 100 ug/m3 of air) encircles a part of the
settlement Vile. The high level of air pollution is caused, in the first place by the transit
traffic. The subzone has not quite clear boundaries because of the lack of adequate
surface for the lichen development. This subzone also encircles a part of the forest
north of lime-kiln , Kamenita devojka”.

The outer part (SO2 concentration aobut 60 ug/m‘7’ of air) encompasses the
greatest part of the investigated arca.

-Normal” zone (SO2 concentration below 40 ;1g/m3 of air) is situated, primarily,
in the eastern part of the settlement Vile.

ARANDELOVAC, including Bukovacka Spa, is situated 75 km south of Bel-
grade. The town is small with many prerequisites for good quality of air, especially great
amount of green surfaces.

By examining the collected samples, the presence of 12 genera with 29 species
was established.

On the basis of the investigations, two zones in terms of air pollution were
established.

.Struggle” zone encircles the central part of the town. The results of the study
show that SO2 concentration in this zone never exceeds 100 pg/m™ of air and is usually
singificantly bellow this value.

~Normal” zone encompasses the struggle” zone. The results of the study show
that SO2 conccmrznionx in this zone is always bellow 70, and at the otuskirts of the town
always bellow 50 pg/m” of air.
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Rezime

MIRKO CVIJAN, BRANKA TODOROVIC, VESNA JOKSIMOVIC

LISAJEVI KAO BIOINDIKATORI ZAGADENJA VAZDUHA U MALOM
ZVORNIKU I ARANDELOVCU (JUGOSLAVIJA)

Institut za botaniku i botaniCka basta ,.Jevremovac”, Bioloski fakultet,
Univerzitet u Beogradu

U radu su prikazani rezultati istraZivanja lignikolne flore lifajeva u mestima Mali
Zvornik i Arandelovac.
Uzorcili§ajeva sakupljenisusa 59 tataka u Malom Zvorniku, odnosno sa 91 tacke

u Arandeloveu. Gotovo bez izuzetka podloga sa koje su skidani uzorci lifajeva bila je
kora drveca.

Obradom sakupljenih uzoraka, u Malom Zvorniku je utvrdeno prisustvo 15
rodova liSajeva sa 33 vrste, a u Arandeloveu 12 rodova sa 29 vrsta.

Na osnovu distribucije li$ajeva, te kori§¢enjem kvalitativne skale Hawksworth-
Rous-a, utvrdeno je prisustvo i raspored odgovarajucih zona aerozagadenja, pre svega
sumpordioksidom, u oba istraZzena mesta. U Malom Zvorniku je utvrden nizi kvalitet
vazduha $to se ogleda u postojanju zone ,liajske pustinje” koja nije nadena u
Arandelovcu, dok su zona ,borbe” i ,normalna” zona, kao zone okarakterisane niZim
koncentracijama sumpordioksida, nadene u oba mesta.
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MORPHOLOGICAL AND CHEMICAL VARIABILITY OF THE
POPULATIONS OF THE ALYSSUM MARKGRAFII SCHULZ
(BRASSICACEAE)

Unstitute of Botany and Botanical Garden ,Jevremovac”
) Faculty of Biology, University of Belgrade
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Janackovi¢ P, TeSevic V. (1995): Morphological and chemical vari-
ability of the populations of Alyssum markgrafii Schulz (Brassicaceae). —
Glasnik Instituta za botaniku i botanicke baste Univerziteta u Beogradu,
Tom XXIX, 187 - 198.

Morphological and chemical variability of populations of Alyssum
markgrafii Schulz on the territory of the Republic of Serbia was analyzed
using the scanning electronic microscope (SEM) and high performance
liquid chromatography (HP1L.C). Achieved results proved that there was
some variability in length and width of leaves among populations ana-
lyzed. Also, variability of the heigh of the plants matched literary data and
the number of trichomes on the square millimeter at both sides of the leaf,
especially the back side of the leaf, did not show much variability, but the
trichomes at the back side of the leaf were more branchy than those on
the front side and their branches were narrower. On the basis of the
chromatogram of the leaf ethanol extract and the photograph of the same
in the UV spectrum, the presence of the flavonoids was estimated. In
addition, a considerable resemblance among the populations in their
qualitative structure was observed, particularly among the major compo-
nents of the flavonoids. The importance of the micromorphological para-
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meteres and the qualitative composition of the flavonoid components as
taxonomic markers in delimitation of 4. markgrafii and related species
from the Odontarrhena section was also discussed.
Key words: Brassicaceae, Alyssum markgrafii, trichomes, {lavonoids,
trichomes, flavonoids, SEM, FIPLC, taxo-nomy.

Klju¢ne reli: Brassicaceae, Alyssum markgrafii mhoml, flavonoidi,
trihomi, flavonoidi, SEM, HPLC, ta-ksonomija.

INTRODUCTION

Alyssum L. (Brassicaceae) genus includes about 170 species; its areas are confined

lo the territory of southwest Asia, eastern Mediterranean, south and southeastern
Furope.

Species were classified in the following six sections: Aurinia (Desv.) Meyer,
Alyssum (Eualyssum) Gris., Psilonema (Meyer) Hook, (mmosq)alum (Ildussl\n)
Dudl., Odontarrhena (Meye r) Koch., and Meniocus (Desv ) Hook (Ancev, 1991).

There are 64 species in Europe, and 32 of them (47%) are Furopc an endemics
(P. W.Ball etal, 1964). This high percentage of the continental endemics is closely
connected to the flora of the eastern Mediterranean, or, more accuratelly, to the
southeastern areas of the Balkan peninsula. On this area genus is represented with
about 45 species, out of witch 21 is endemic to the Balkans, with the areas limited to
the territory of Crete, Greece, Albania, Yugoslavia and Bulgaria. There is 17 species
of this genus in the Republic of Serbia (Dikl1i¢, 1972).

A. markgrafii is a perennial, herbaceous plant and belongs to the section of
Odontharrena (Meyer) Koch. It populates areas in limestone, serpentine, most fre-
quently in mountain region. It has been spread in Yugoslavia and Albania (Dikli¢,
1972).

In systematics revisions of different taxa, micromorphological characters of the
feaf surface, fruits and seeds were often ignored or only seldom mentioned, regardless
of their stabiltiy(Davis et Heywood, 1963). The use of the scanning electronic
microscope (SIEM) gave new possibilities in rescarching microcharacters in plants
{(Marin, 1989). Nowadays, a greater importance is given to the application of
scanning electronic microscope for the analysis of micromorphological characters in
taxonomy researches (Hardin, 1978 a and b: Hardin and Gensel, 198Z;

Husain ctal, 1989, 1990; Ancev, [991; Marin etal, 1994).

‘Taxonimical significance of the trichome miu'om..,rrphoiogy within the family of
Brassicaceae has also been cmphasind with Bornmuellera dieckii Degen (Marin et
al.. 1993), as well as with the genus of Alyssim L. (Ancev, 1991).

Diversity regarding morpho-anatomic aspect, as Wc,ﬁ as the way of life in a
particular area is reflected in the chemical structure of the plants. Different groups of
chemical compounds are from chemotaxonomical aspect more or less typical for
certain taxonomic categories. S-methylthiopentylglucosinolate was identified in this
way as taxonomic character of the Afyssum L. genus (Hasapis et al, 1981). Than
foliowed isothiocyanates, nitriles and epithiobutanes with Alvssum minimum Willd
(I.ockwood, Afsharypuor, 1986). This substances are “the reason for applica-
tion of the Alyssum minimwsn Willd in the traditional medicine. Flavonoid glu-
curonoides in Alyssimn minimum were also researched from chemotaxonomic aspect
{Aafsharipuor et Lockwood, 1986). Considering chemotaxonomic aspect,
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flavonoids possess a wide range of use on different levels within families (Har-
horne et Turner, 1984; Husain et al. 1989). The presence of alkanes on the
leaves of Bormmuellera dieckii Degen and Alysstm markgrafgii Schulz (M arin et al.
1993) within family of Brassicaceae was researched.

An analysis of the variability of morphologic characters of the vegetative organs
was done in this study, with an emphasis on the trichomes on the leaves in ten
populations of the Alyssim markgrafii Schulz species on the following localities: Brdani,
SemedraZ, Stragari, (these localities are in the vicinity of Gornji Milanovac), Dobre
strane near Kraljevo, Ozren near Sjenica, Sevee near Brezovica and Brezovica itself
(Fig. 1). All the Jocalities have serpentine basis. Also, a comparative chemical analysis
of the leaf ethanol extract from the same populations was made in order to estimate
interpopulation variabilities of the phenolic compound composition in leaves and its
laxonomic importance.

MATERIALS AND METHODS

Herbarium materials gathered on the localities of Brdani, SemedraZ, Stragari,
Dobre strane, Ozren, Sevee and Brezovica (Fig. 1) were used for morphological,
micromorphological and chemical investigation. Material used in this analysis was
stored in a herbarium of the Institute of Botany and Botanical Garden Jevremovac”,
FFaculty of Biology, University of Belgrade.

Height of plants, length and width of leaves were measured with a standard elastic
ruler. Number of trichomes on the square millimeter on the bothsides of the leaf along
the main nerve where the leafl is the widest, was estimated using the stereo magnilying
glass magnified for 56 x and the net of 1 mm” surface in the eyepiece.

The measured results were treated according to the following formulas:
Z(Xix Fi)
X = TR

N
Di=Xi-X
VX (Fi x Di)
°= N

o] ,
CV = 3 X 100%

X - average value, X - sum, Xi - value of the class, Fi - frequency of the class, Di
- average value deviation, N - number of specimens, o - standard deviation, CV -
variation coefficient.

~ During micromorphological analysis the samples of the leaves were attached to
special metal eylinders and than evaporated with 30 nm thick layer of gold-paladium
(80:15) in JEOL JEE 4B vacuum evaporator and analyzed on JEOL JSM T 335 scanning
electronic microscope.

Ethanol extract from the leaves was acquired as follows: 0.05 of the leaves from
cach population was crushed in a ball mill and than 50 ml of 70% EtOH (ethanol) was
added. zach sample was than reboiled for 2 min to inactivate the enzymes. Than the
inmp]cs were left for 24 hours for extraction. Ethanol extract was strained through a
filter paper and evaporated until dried in a vacuum evaporator (Harborne, 1984).
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Fig. 1. - The localitics of the analyzed populations of Alyssum margrafii Schulz
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In order to remove physical and indissoluble admixtures, samples were refined
with the membrane filter of the 3 pm pore size, dissolved in 2 ml MeOH (methanol),
filtered again and than diluted with another 2 ml MeOH.

Samples prepared in this way were chromatographed with a reverse-phase HPLC
chromatography. OKTADECIL = Si 1003 YM column of the 125 x4.6 mm dimension
and 3 um particle size was used. Best separation was achieved with the gradient of
MecOH and H20 eluents at the increase of MeOH concentration from 309 to 70% in
a 30 min period. Detection was done with the UV Polychrom 9060 detector at the
maximum absorption of 254 nm.

RESULTS AND DISCUSSION

Morphological characteristics of the vegetative organs (such as length and width
of leaves, leaf index - ratio btween the length and width of leaves, height of the plant,
number of trichomes on the square millimeter on both sides of the leaves), micromor-
phological characteristics of leaves, as well as the ethanol extract of leaves for ten
populations of A. markgrafii on the above mentioned localities, were analyzed in this
study.

Length of leaves differs from one populations to another although not consider-
ably. Average value of length of leaves is the largest in A1 population (21 mm) and the
smallest in As population (9.4 mm) (Fig. 2).

34 T

|
10 -4 n
| . EH
i

al a2 a3 294 ab a6 a7 ag a9 alo

Fig. 2. — Variabiltiy of length of the leaves.
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Average value of width of leaves in all population is within the range of 1.8 - 3.1
mm (Fig. 3).

| ToDges o

al a2 al3 ad ab a6 a7 a8 a9 alo

Fig. 3. — Variability of width of the leaves.

Leal index presents the ratio between length and width of leaves and unites this
two morphological characteristics. Population Az (8) has the largest average value of
leaf index, while the smallest one belongs to Ag population (4.5). Leaf index shows a
greater improtance in interpretation of variability of these populations compared to
fength and width of leaves in separate (Fig. 4).

Height of plants is very variable. Aj population has the largest average height
value (47.9 ¢m) and Ag population has the smallest one (17.9 cm) (Fig. 5).

Ag,population has the largest number of trichomes on the front side of the legf
(7.4/mm”) and Ag and Ag populations have the smallest number of them (3.8/mm®)
(Fig. 6).

As population has the largest number of trichomes on back side of the leaf
(29.9/mm~) and Az population have the smallest number (21.6/mm”) (Fig. 7).

Larger number of trichomes on the back side of the leaf than on the front side is
connected to self protection of the plant. Trichomes protect the plant from excessed
transpirations as well as from phytophagous insects. Parts of the {)lant with a smali
number of trichomes or those parts not having them at all, Ecrizmt 1 for example, are
often attacked and damaged by phytophagous insects. It should be mentioned that
some phenolic compounds in leavers are, besides trichomes, probably the reason why
phytophagous insects rarely attack the leavers of these plants (M arin et al., 1993).
Small number of trichomes as well as their poor branching on the front side of the feal
is connected to more intensive photosynthesis of the leaf (Ancev, 1991).

Analyzing micromorphological characteristics of the leaf surface in 4. markgrafii,
the presence of dual and tripartite branching trichomes was noticed (Fig. 8, a-d). Relief
wartlike bulgers are visible at the trichome surface both on the front and back side of
the leal.
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Fig. 4. - Leaf index.

Species from Odomtarrhena section that were analyzed before, have relatively
similar morphological characteristics of trichomes (A n¢ev, 1991). The trichomes of
species from Odontarrhena section have a narrow central part of the trichome, more
or less furrowed and scatered or evenly covered with warts, unevenly conical as in A.
bertolonii Desv., or hemispheric in A. borzaeanmum Niar. The warts gradually become
smaller to the top of the branch. Only inA. murale Wik ssp. pichlerii (Vd ) S10j. ¢t Stef.
trichomes have poorly furrowed central part. Starlike trichomes are most frequently
covered with conical or semispheric warts of different size, as inA. bertolonii Desv., A.
obtusifolium Steve ex DC. and A. murale Wik ssp. pichlerii (Vel.) Stoj. et Stel. As arule,
more massive warts take the central part of the trichome.

A. markgrafii, which had not been analyzed [rom this aspect by now, has some-
what different trichomes than other members of this section. A. markgrarfii trichomes
have both fewer and thinner branches and less prominent wartlike bulgers than in other
related species from this section.

It could be said that trichomes are, with all their micromorphological charac-
teristics, a stable morphological character of taxonomic importance.
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Fig. 5. — Variabiltiy of heigh of the plants.
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Fig. 6. — Number of trichoms/mm” on the front side of the leaf.
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Fig. 7. - Number of trichomes/mm? on the back side of the leaf.

On the chromatogram of the leaf ethanol extract of analyzed populations (Fig.
9), peaks from I - XIII, represented more or less in all populations, were noticed.
Quantitative differences can be seen in the presence or absence of particular peaks in
all populations. Namely, only Az population has all the peaks, while A population does
not have peaks IX, X1 and XII; A3z does not have peaks VII and XI; A4 does not have
peaks 11, XI, XTI and XII; As does not have peaks I1I, VI, VII, XI and XII; Ae does not
have peaks VIII and XII; A7 does not have peak XII; Ag does not have peaks VIII and
X1I; Ag does not have peaks IV, VII, VIII, IX, X and XIII and A10 does not have peaks
1, VI and XI. According to chromatograms, all populations have peaks I and V.

Calculating the percentage of the surfaces with treated peaks (I-XIII) on and
with corresponding retention times, certain qualitative differences between treated
populations were established (Chart 1).

Chart 1. - Qualitative composition of the phenolic compounds

Rf

P 2747 90 158 17.1 188 215 234 251 283 30.5 32.6 343
Al 13 03 05 13 33 92 34 741 - 35 - - 34
A2 99 29 15 129 136 30 69 2 19 02 02 19 161
A3 5 04 04 4 124 457 - 36 23 16 - 44 199
Ad 44 - 22 26 106 - 413 48 54 22 - - 261
AS 46 5.7 - 6.1 586 - - - 21 - - - 225
Ab 59 04 47 14 73 06 27 - 56 41 22 - 403
A8 52 13 176 67 92 13 242 - 7 37 26 - 278
A9 29 10 07 - 129 11.6 - - - - - 61.8 -
Al0 6.6 79 - 08 07 - 452 23 98 24 - 71 17
PEAK 1 11 I IV VvV VI VII VIII X X Xl XII XIII
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Fig. 8. - SEM of the leaves
a-b. Trichomes on the front side of the leaf
¢-d. Trichomes on the back side of the leaf

On the basis of UV specters analysis of the treated peaks with the help of HPLC.
the presence of phenolic compounds in leaves, probably flavonoids was established.

Regardless of the acquired quantitative differences in composition of flavonoids
in different populations, the qualitative composition of major components in particu-
Jar. is stable and could be used as a taxonomic character compared to other species of
the Afyssum genus.
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Fig. 9. — The chromatogram of the leaf ethanol extract
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MORFOLOSKA I HEMLJSKA VARIJABILNOST POPULACLJA VRSTE
ALYSSUM MARKGRAFII SCHULZ (BRASSICACEAE)

"nstitut za botaniku i Botanitka Basta Jevremovac”

_Bioloski fakultet, Univerzitet u Beogradu

“Hemijski fakultet, Univerzitet u Beogradu
Ul ovom radu izvrSena je analiza varijabilnosti morfoloskih karaktera vegeta-
tivnih organa kod deset populacija vrsta Alyssum markgrafii Schulz (Brassicaceae) na
p()quu Rtpllhhl\L Srbije, sa posebnim akcentom na trihome na hstowm'} Semte
izvrsena je i analiza listova pomo¢u skening elektronskog mikroskopa (SEM), kao i
uporedna hemijska analiza etanolnog ekstrakta iz listova pomodu tecne hm matografije
(HPLO). Dobijeni rezultati su pokazali da: duZina i Sirina listova ne pokazuju veliku
varijabilnost izmedu istrazenili populacija; varijabiinost visine biljaka ispi{anih popu-
tactja krece so u granicama od 17.9 - 47.9 ¢m, $to se poklapa sa literaturnim podacima;
broj trihoma po mm” na licu, a naroéito na nalic¢ju lista ne poi\am;e veliku varijabilnost,
a trihomi na nali¢ju lista su ra701dn¢m|; od istih na licu i imaju u’e grane. Na osnovu
mikromorfolo§ke analize listova moZe se zakljuditi da su trihomi s‘iabu(m karakterida
se mogu koristiti kao dodatni parametar u delimitaciji 4. markgrafii i srodnih vrsta u
okviru s sekcije Odontarrhena. Na osnovu hromatograma etanolnog ekstrakta iz listova
uacena je velika slicnost izmedu populacija. Ovi preliminarni hemqski parametri
upuduju na moguénost primene flavonoida, kao taksonomskih karaktera, s obzirom na
malu varijabilnost izmedu populacija.
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biljire zajednice, takode, treba pisati pun latinski naziv i ime autora. Latinska imena se podvlace ili kucaju
itafikom.

Tabele treba da budu uradene na posebnim fistovima i oznacene, prema redosledu, arapskim
brojevima i slovima (A, B, C, itd.) ukoliko su iz delova. Svaka tabela treba da ima naslovilegendu u zaglavlju
itreba da bude referisana u tekstu. Autori treba da oznate mesto tabele u tekstu. Tabele se citiraju kao Tab.
t.Tab. 1A, Tabs. 1-3. (Tab, 1). itd.

Prilozi mogu biti crno-bele fotografije, dijagrami, originalni crtezi, mape, grafikoni. Na svakoj
ilustraciji grafitnom olovkom oznaciti broj priloga, orjentaciju i ime autora. Autor treba da odredi mesto
ilustracije u tekstu strelicom na levoj margini. Prilozi treba da budu u velitini koja odgovara konatnoj
reprocukeiji ili dvostruko vecih dimenzija (maksimalna Sirina teksta je 12.5 em, a duzina 18.5 cm). Prilozi se
citiraju v rekstu kao Fig. 1, Fig. 1A, Figs. 1-3. (Fig. 1), itd.

Dijagrami, crteZi, mape i grafikoni moraju biti izradeni dovoljno debelim i tamnim linijama na betom
papiru (ili paus-papiru), odnosno treba da budu Stampani na laserskom Stampalu ako su kompjuterski
obradeni.

Crno-bele fotogralije moraju biti dobrog kvaliteta i kontrasta i odgovarajucim velicinama za konacnu
reprodukeiju.

Lista objasnjenja (legendi) za priloge treba da bude data nna posebnom listu hartije prema redosledu.

Literatura u tekstu citira se na jedan od sledeéih nacina: KoSanin (1929), (KoSanin, 1929), Cernjavski
& Soska (1937), itd. Ako je autor objavio viSe radova u istoj godini, oni se, prema redosledu, obelezavaju
godinom i slovom, na pr. 1989a. 19890, itd. U radovima troje autora pri prvom citiranju pominju se sva imena,
izatim, samo ime prvom autora i ef el. Radovi vise autora (€etiri i viSe) uvek se citiraju imenom prvog autora
ietal

Literatura v bibliografskom spisku sreduje se po azbutnom redu imena autora na svim podacima o
radu. izdanju i izdavaduy, i to na sledeéi nadin:

Pancié. 1. (1874): Ilora Knezevine Srbije. — Drzavna Stamparija, Beograd.

Nikoli¢, V. (1973): Pancicia 1.. in Flora SR Srbije V (M. Josifovi¢, ed). - SANU, Beograd.

Jositovi¢, M. ed. (1970-1979): Flora SR Srbije I-IX. - SANU, Beograd.

Koganin, N. (1929): Die Koniferen Sudserbiens. - Bull. Inst. Jard. Bot. Univ. Belgrade 1(2): 176-190.

U literaturi se mogu navesti i radovi koji su u Stampi (in press), ali ne i usmena saopstenja (samo u
tekstu). U bibliografskom spisku navode se imena svih autora jednog rada, s tim $to se imena predposlednjeg
i poslednjeg vezuju znakom &. Imena &asopisa treba skracivati prema internacionalnim standardima ili na
slican nacin za domace ¢asopise.

Skraéenice za poznate termine mogu se dati bez obja3njenja, dok se za druge daje pun naziv.



INSTRUCTIONS TO AUTHORS

The papers must be Written in English or Serbian language and should not normally exceed 15 pages.
The manuscript should be submitted to the Editor in an original, two copies and on a diskette in Word for
Windows, 2.0, Word Perfect 5.1 and ASCII.

The manuscripts will be reviewed and modified according to referees suggestions.
The anthors receive 30 free reprints.

The text must be typed double-spaced throughout, with wide margins. All pages must be numbered
including all illustrations and list of legends. The authors should suggest a running title of not more than 5
words. The same results may not appear as both tables and figures.

Title page comprises: Authors name(s), Title, affiliations, and Address of the corresponding anthor.
An Abstract in English with headline should be tess than 150 words. Bilingual Key words should not exceed
10 words.

The main sub-divisions of the papers are: Introduction, Material and Methods, Results, Discussion,
Conclusion, Acnowledgments (if any), References, Summary in English for the papers written in Serbian, or
Rezime in Serbian for the papers written in English. The text in Serbian must have bilingual captions.

Latin names (genus, species) and authority must be cited when first mentioned. Further on, the
generic name may be abbreviated to its initial except where reference to other genera with the same initial
could cause confusion. Latin names should be underlined or typed in italics.

Tables should be numbered in arabic numerals and submitted on a separate sheet and accom panied
by a title and appropriate legend at the top. Each table must be reffered to in the text and the indication of
preferred postion in the text should be given. Citation in the text should be Tab. 1, Tab. 1A, Tabs. 1-3, (Tab.
1), ete.

Tlinstrations may be black apd white photos, diagrams or drawings, maps, graphs, labelled with the
tigure number and author s name in sdbft pencil on the back identifying the top edge. The position in the text
should be indicated by arrow on left margi. In general, the size of each figure must be planned for publishing
without reduction or they may be twice the linear dimensions desired in the final reproduction: the maximum
space on a page is 12,5x18,5 em. The figures must be cited in the text as Fig. 1, Fig. 1A, Figs. 1-4. (Fig. 1), etc.

Diagrams, drawings, maps or graphs should be drawn boldly in black ink on stout white paper or
computer-drawn of the highest quality to stand reduction to the desired size.

Black and white photographs must be printed on glossy paper of good contrast.
A separate typewritten double-spaced list of legends of all figures must be supplied.

Literature citation in the text should take the form: Koganin (1929). (Koanin, 1929). Cernjavski &
Sodka (1937), ete. If several papers by the same author(s) in the same year are cited, they should be lettered
in sequence (1989a), (1989b), etc. When papers are by three authors, use all names on the first mention then
abbreviate to the first name and ef al. For papers by four or more authors use ef al. thorughout.

Litcratmre in References must be typed with double spacing, without serial numbering and placed in
alphabetical order according to the authors’ names. Full references must be given according to the type of
publichtion cited, as follows:

Panci¢, J. (1874): Flora KneZevine Srbije. — Drzavna §tamparija, Beograd.

Nikoli¢, V. (1973): Pancicia L. In Flora SR Srbije V (M. Josifovi¢, ed.). - SANU, Beograd.
Josifovic, M. ed. (1970-1979): Flora SR Srbije I-1X. - SANU, Beograd.

KoSanin, N. (1929): Die Koniferen Sudserbiens. — Bull. Inst. Jard. Bot. Unjv. Belgrade 1(2): 176-190.

In the References the names of all authors of one paper must be indicated and the last two linked by
&. Other citations such as papers ,,in press” may appear in the References. A ,personal communicaiton” may
be cited in the text, but not in the References.

All citations in the text should appear in the literature list and vice versa.
Abbreviated journal names are used according to the standards, or may be formed analogically.

Abbreviations for widely accepted terms may be used in the text, but for the new ones the full
explanation should be given.





