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OBSAH TOMATINU VE VYBRANYCH ODRUDACH RAJCAT
P. Kalaé jr., M. Voldfich, J. Dobia3

KALAC,P. jr. - VOLDRICH, M. - DOBIAS, J. (Ustav konzervace potravin a techno-
logie masa, Vysokd 3kola chemicko-technologickd, Praha): Obsah tomatinu ve
vybranych odriddch rajcat. Zahradnictvi, 20, 1993 (4): 193-199.

Ve vzorcich osmi odrid rajéat o riizném stupni zralosti byl analyzovan obsah ste-
roidnich glykoalkaloidd. Obsah alkaloidd byl stanoven spektrofotometricky po kyse-
1€ hydrolyze tomatinu na tomatidin a po jeho reakci s bromthymolovou modfi.
Nalezené obsahy tomatinu se pro sledované druhy rajéat pohybovaly v rozmez{ od
10 do 65 mg/kg u nezralych plodid a od 21 do 81 mg/kg u dozrdvajicich. Prakticky
nulové hodnoty byly zjist&ny pro zralé plody. Piekvapivé byl nalezen vy3¥{ obsah
tomatinu v dozrévajicich raj¢atech neZ v nezralych. Nebyly zjiStény statisticky
vyznamné rozdily v obsahu alkaloidd v rajéatech péstovanych na zihon€ a ve f6-
liovniku.

raj¢ata; odrlidy; stupeii zralosti; tomatin

Jednou z nejvyznamnéjsich skupin piirozenych toxickych ltek v potravinich
jsou steroidni glykoalkaloidy rostlin &eledi lilkovité (Solanaceae). Hlavn{ po-
zornost je v zdvislosti na objemu produkce a spotfeby vénovéina glykoalkaloidim
brambor. Jejich vyznamnym zdrojem v3ak mohou byt i zelend raj¢ata. Zatfmco
problematika glykoalkaloiddi brambor je pom&mé dobie prozkoumdna, o obsahu
areakcich glykoalkaloidd v raj¢atech je zndmo pomémé mdlo (Gelder, 1990).

Pievlddajfcfmi glykoalkaloidy v plodech i dal3fch ¢4stech rostlin raj¢at jsou
o-tomatin a o-solanin (obr. 1). Obsah tomatinu je tfi- aZ ¢tyfikrat vy38f neZ obsah
solaninu (Kyzlink aj., 1981), n€kteff autofi uvdd&ji pouze obsah tomatinu
Jadhav aj., 1981). Uvddéné celkové obsahy glykoalkaloidd se obvykle pohy-
bujf u zelenych plodd od 30 do 150 mg/kg &erstvé hmotnosti. Dozrdvan{m se obsah
alkaloidil sniZuje, prakticky aZ na nulovou hodnotu (R oddick, 1974).

Glykoalkaloidy a jejich aglykony (tomatidin, solanidin a dal3f) pfijimané potra-
vou mohou byt pro €lov€ka toxické. V literatufe je uvddéno n&€kolik desftek
smrtelnych otrav a celd fada otrav méné& zdvaznych po poZitf brambor s vysokym
obsahem glykoalkaloidi (Morris a Lee, 1984). Znatnd pozornost byla
vénovéna rovnéZ karcinogenité a teratogenité té€chto alkaloidd. V minulosti byla
publikoviéna celd fada pracf pfisuzujicfch mutagennf a teratogenn{ i¢inky zv14sté
tomatinu, nejnové&;j3f prace v¥ak tuto hypotézu vyvracejf (G e 1d e r, 1990). Piesto
se konzumace zelenych raj¢at a vyrobki z nich, zvl43t€ béhem t&€hotenstvi, nedopo-
rucuje.
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1. Struktura o-tomatinu (A) a o-solaninu (B) — The structure of o-tomatine (A) and o-solanine (B)

! glucose, 2rhanmose, 3galactose, 4solatrose, ssolanidim',. 6xylose, 7Iyootetmose, 8 omatidine

Vyzkumy toxicity glykoalkaloidil brambor vedly ke stanoveni piipustného obsa-
hu v3ech glykoalkaloidd 200 mg/kg Cerstvé hmoty pfi jednordzovém poZitf
(Riedl a Vondrédc&ek, 1980). Na zdkladé hypotézy o kumulaci alkaloidi
v organismu byl jinymi autory navrhnut limit pouze 50 - 70 mg/kg (Ros s aj.,
1978). Pro alkaloidy raj¢at nejsou limity stanoveny, 1ze v3ak pfedpokladat, Ze by
mély byt piibliZn& stejné jako pro brambory (Gelder, 1990).

Poznéviénf steroidnich glykoalkaloidd dzce souvisi s rozvojem d¢innych analy-
tickych metod. Nejstar$i metody stanovenf se sklddaly obvykle z extrakce a vdZko-
vého stanoveni. V posledni dob€ se stanoveni celkového obsahu glykoalkaloidi
provadi titratné& nebo spektrofotometricky. Velky vyznam pro kvalitativni poznén{
glykoalkaloidd m4 uZitf chromatografickgych metod. UZfvdny jsou prakticky
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viechny b&Zné druhy, od chromatografie na tenké vrstvé aZ po chromatografii
plynovou a kapalinovou (Kala¢ jr. a Voldfich, 1994).

Steroidn{ glykoalkaloidy nejsou toxické jen pro Clov€ka a vy3¥f Zivolichy.
Pilisobf rovnéZ antagonisticky proti hmyzu, mikroorganismiim a plfsnfm, v rostliné
pInf funkci pfirozeného pesticidu (R oddic k, 1974). Tento aspekt je dileZity
zejména v souvislosti s hleddnim rezistentnich odriid pro alternativni zemé&dé&lstv{
a zhodnocen( pifpadnych zdravotnich rizik. Cilem piedklddané prace bylo monito-
rovat obsah steroidnich glykoalkaloidd v nékolika b&Zné pé&stovanych odrﬁdach
raj€at v zdvislosti na stupni zralosti a nékterych podminkéch p&stovani.

MATERIAL A METODA

Vzorky rajtat osmi odrid byly vyp&stovany na pokusngch politcich VSZ
v Praze - Tr6ji. Z4dny ze vzorkil nebyl mechanicky poskozen, ani nevykazoval
zndmky nemoci i napaden{ 3kfidci. Raj¢ata byla sklizena na po¢4tku srpna 1992
a asi 90 minut po sklizni byla zmraZena. Ve zmraZeném stavu byly vzorky sklado-
vény pii teploté -18 °C aZ do analyzy. Ke kvantitativnimu stanoven{ celkového
obsahu steroidnich glykoalkaloidd, stanovenych jako tomatidin (aglykon a-toma-
tinu), byla pouZita spektrofotometrickd metoda podle Bajaje aj. (1988).

Vzorky zmraZenych rajéat byly rozmraZeny 4 - 5 min (podle velikosti)
v mikrovinné troub& a ihned zhomogenizovdny v mixéru. NavdZka 10 g homoge-
nédtu pak byla vyluhovdna 100 ml destilované vody za stdlého miché4n{ (10 min).
Vyluh byl zfiltrovén. K filtrdtu bylo pfiddno 42 ml 10% roztoku kyseliny sfrové
a smés byla zahifvdna ve vodnf 14zni pii teplot& 80 °C po dobu dvou hodin. pH
hydrolyz4tu bylo upraveno roztokem NaOH (¢ = 10 mol/1) na 10 (alkalické srdZenf{
glykoalkaloidil) a po zchladnutf byl roztok ponechdn v chladni¢ce (4 °C) do druhé-
ho dne.

Druhy den byl supernatant extrahovéan tfikrdt 10 ml trichlormethanu, susen
bezvodym sfranem sodnym a dosucha odpaien ve vakuové rota¢nf odparce. Odpa-
rek byl poté rozpudtén v 10 ml dichlormethanu, pifpadné pii ofekédvané vysoké
koncentraci tomatidinu, dva- aZ tfikrdt zfedén. 10 ml roztoku v dichlormethanu pak
bylo tfepdno s 5 ml bromthymolové modfi (¢ = 2.10mol/l v borétovém pufru
o pH = 8) v délicf ndlevce. Po rozdélenf fazf byla spodnf (dichlormethanov4) vrstva
oddélena a byl do nf pfiddn 1 ml 0,01 moldmiho roztoku NaOH v methanolu.
Koncentrace tomatidinu odpovidajicf vzniklému modrému zbarvenf byla ode&ftdna
spektrofotometricky pii 620 nm. Kvantitativn{ stanoveni glykoalkaloidi bylo pro-
vddéno metodou kalibraénf pifmky pro tomatidin. Celkovy obsah glykoalkaloidi
vyjddfeny jako o-tomatin byl vypoditdn ze vztahu:

M tomatin
M tomatidin
kde: ¢ = koncentrace [mg/ml]

M = molérni hmotnost [g/mol]

Ctomatin = Ctomatidin *
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Celkovy obsah glykoalkaloidd ve vzorku byl vypo¢itdn ze vztahu:
Miomatin = Ctomatin* V - k - f
kde: mymaiin = koncentrace tomatinu v mg na kg &erstvé hmoty
= analyzovany objem CH,Cl;-roztoku [ml]

k = konstanta vyjadfeni na kilogram vzorku
f = faktor odpovidajici pfipadnému nafed&ni

VYSLEDKY A DISKUSE

Vzorky raj¢at byly pred analyzou zakonzervovdny zmraZenim. K vyloucen{
vlivu tohoto kroku byl pfed zahdjenfm pokusii nejprve sledovan vliv zmraZen{
a-doby skladovanf na zmény obsahu tomatinu. K experimentu byla pouZita zelend
raj¢ata nespecifikované odriidy. Z vysledkd, které jsou uvedeny v tab. I je patrné,
Ze Zadny vyznamny vliv doby skladovén{ na syntézu ¢&i degradaci tomatinu nebyl
pozorovén. I kdyZ nelze vyloudit odli¥né chovén{ u jinych odriid, d4 se predpokld-
dat, Ze zmraZen{ vzorkd vyznamnéji neovlivnilo vysledky analyzy. Zirover
z t&chto vysledkld vyplyvd, Ze pfi pffpadném skladovédn{ zmrazenych nezralych
rajcat jako suroviny ¢i polotovaru je tfeba pocitat s udrzenim obsahu glykoalkaloidd.

I. Zmény obsahu tomatinu béhem skladovéni zmraZenych rajéat — Changes in tomatine content
within storage of freezing tomatoes

Doba skladovénf [mé&sice]’ 0 1 2 3 5
Obsah tomatinu [mg/kg]2 48 46,5 47 49 48

ltime of storage [months], Ziomatine content [mg/kg]

Zjisténé obsahy steroidnich glykoalkaloidii v osmi odrfiddch raj¢at jsou uvedeny
v tab. II. U v3ech vzorkd se pro zelené plody obsah alkaloidi pohyboval spile
v niZ3¥{ oblasti obvykle uvddénych obsahd, pro raj¢ata zrald byl prakticky rovny
nule.

Prekvapujicf byl v n€kterych pifpadech niZ3f obsah alkaloidii u malych zelenych
raj¢at oproti rajéatim dozrdvajicim. Tento jev nelze vysvétlit riiznym fyziolo-
gickym stavem rostlin, protoZe se jednalo o vzorky raj¢at ze stejné nebo blizce
sousedicf rostliny, bez viditelnych stop poSkozeni ¢i nemoci. Glykoalkaloidy vSak
plni v nezralych rajCatech ochrannou funkci vii¢i napadenf hmyzem a dal3¥fmi
predétory. V dozrdlych plodech, kdy jsou semena zralé, je biologicky Zddoucf, aby
doslo k jejich 3ffenf ZivoCichy. Plod se proto vybarvuje, ménf se pomér sacharidi
a kyselin, ochranné 14tky, jejichZ dloha skoncila, se odbourdvajf. Fize dozrdvan{
raj¢at piedstavuje piechodné obdobf, kdy semena nejsou jest& zcela zral4, ale plod
se jiZ stdv4 atraktivnim pro predétory. Za té€chto podminek lze jeSté ofekdvat vysoky

196 ZAHRADNICTVI, 20, 1993, &. 4



I1. Obsah steroidnich glykoalkaloidd vyjidfenych jako tomatin v osmi odriidich rajéat — Survey of
steroidal glycoalkaloids contents (determined as a tomatine content) in eight cultivars of tomatoes

Stupei zralosti

Odriida’ nezralé’ dozrévajicf® mals

F Z F Z F Z
Start 28 - 25,5 - 0 -
Domino 45 - 81 - >05 -
Luca 34 31 42 21 0 0
Tomédo 10 65 34 37,5 0 0
Stupické 22 - 55,5 - 0 -
Imun 32 15° . - 0 1
Dusia - 42 - - - >0,5
Julie - 32 - - - >0,5

Obsah tomatinu je vyjidfen v mg na kilogram Cerstvé hmotnosti; uveden4 hodnota je primérem
tif stanovenf, pficemZ relativni smérodatnd odchylka nepfesdhla 8% — Tomatine content is
expressed in mg per kg of fresh weight; the value presented is an average for three determinations
while relative standard deviation did not exceed 8 %

Stupeii zralosti — Degree of maturity:

nezrald = raj¢ata mal4, zcela zelené — unripen = small tomatoes, completely green

dozrévajicf = kone&n4 velikost, misty mlé&né zelené nebo s oranZovou skvmou — ripening = final
size, here and there milky green or with orange patch

zrald = konzumnf zralost, plné cervené (Zuté) zbarvenf — ripened = consumer maturity, full red
(yellow) coloration

F = rajcata vypéstovani ve f6liovnfku — tomatoes cultivated in greenhouse

Z = rajcata vypéstovand na zéhonu — tomatoes cultivated in the bed

'cultivar, 2deglu: of maturity, 3unripen, ‘ripening, sripcned

obsah glykoalkaloiddl. Tfm lze také vysvétlit vy$3f obsah alkaloidd u raj¢at dozra-
vajicich.

Vliv podminek p&stovéanf nebyl rovnéZ pozorovan, i kdyZ u odriid Imun a Luca
je obsah alkaloidd vy33f pii péstovani ve féliovniku neZ na z.’thoné u odrildy
Torné4do je tomu vyrazné naopak.

ZAVER
V raj¢atech osmi odriid, riizného stupné zralosti, vyp&stovanych ve féliovnicich

ana z4honé, byl stanoven obsah celkovych glykoalkaloidd, vyjddieny jako tomatin.
Obsah alkaloidil byl prakticky nulovy ve zralych plodech, v nezralych se pohyboval
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mezi 10 - 65 mg/kg a v dozrdvajicich mezi 21 - 81 mg/kg. Nebyly zjistény
vyznamné rozdfly v obsahu alkaloidd raj¢at vypé&stovanych ve f6liovniku a na
zdhong. Obsah alkaloidd zdstal stabiln{ béhem péti mé&sicd uloZeni pii teploté
-18 °C.

Obsahy glykoalkaloidl analyzovanych odriid vyhovuji doporuovanym zahra-
ni¢nim hygienickym limitim a raj¢ata jsou pouZitelnd jako konzervarensk4 surovina.

Podékovani

Dékuji prof. ing. Josefu Duffkovi, CSc., vedoucimu katedry zahradnictvi Vysoké
Skoly zemé&dé&lské v Praze, za poskytnuté vzorky rajcat.
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KALAG, P. jr. - VOLDRICH, M. - DOBIAS, J. (University of Chemical Technology,
Department of Food Preservation and Meat Technology, Prague): The of content
o-tomatine in selected tomato cultivars. Zahradnictvi, 20, 1993 (4): 193-199.

The a-tomatine content changes in tomato fruits of different stages of maturity were

studied. The growing conditions of tomato plants - cultivation in a plastic house and
outside in the field were compared.
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a-tomatine was extracted by dichlormethane after hydrolysis of o-tomatidine in
aqueous infusion of tomato fruit. It was then quantitatively determined by developing a
blue colour complex with bromothymol blue (sodium salt), which is read at 620 nm.

No significant differences between the eight analyzed cultivars of tomatoes were
found. The average glycoalkaloids content of green tomatoes ranged within 10 to
81 mg/kg of fresh weight (below the limit value used for potatoes, which is 200 mg/kg).
The greenhouse cultivation did not also affect the tomatine content of fruits.

Compared with the published data, the unexpected higher contents of tomatine were
found in the bigger green tomatoes, than in small ones.

tomatoes; cultivars; degree of maturity; tomatine

Adresa autorii:

Ing. Pavel Kalag, ing. Michal Voldf¥ich, CSc, ing. Jaroslav Dobidg,
CSc., Ustav konzervace potravin a technologie masa, Vysok4 $kola chemicko-techno-
logick4, Technicka 5, 166 28 Praha 6
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Z VEDECKEHO ZIVOTA

ZASEDANI OVOCNARSKE SEKCE EUCARPIA

Ve dnech od 29. srpna do 3. zafi 1993 se konalo ve $vycarském mésteCku Einsiedeln
symp6zium ovocnéiské sekce evropského sdruZeni Slechtiteld EUCARPIA. Pofadatelem
této akce byla Vyzkumn4 stanice pro péstovani ovoce, vinné révy a zahradnictvi ve Wi-
denswilu. Pfedchézejici zasedani této sekce se konalo v roce 1987 v Hradci Krélové a pofa-
datelem byl Vyzkumny a Slechtitelsky dstav ovocnifsky v Holovousich. Dalsi fadné zasedani
bylo naplidnovino do Jugoslavie (Novi Sad) v roce 1991, aviak bohuZel se neuskute¢nilo
z diivodu véle€nych udilosti v této zemi.

Sympézia v Einsiedelnu se zi&astnilo pfes 90 Slechtiteld a vyzkumnikd zabyvajicich se
Slechtitelskym vyzkumem ovocnych plodin. Celkem zde bylo prezentovéno 44 referit a
54 vyvéskovych sdéleni. Kromé& toho byly jist€ velmi cenné pro viechny Gdastniky dvé
Styfhodinové neformdlni panelové diskuse, do kterych se aktivné zapojila vétSina pi-
tomnych. Prvni téma se tykalo stability rezistence proti chorobim a druhé vysledkd a
soudasnych trendd v oblasti biotechnologii. Jinak asi polovina prezentovanych piispévki
pojedndvala o klasickych Slechtitelskych postupech nejéastéji u jabloni, ale i u dalSich
ovocnych druhd (hrudni, peckovin, jahodnikd). Z biotechnologickych témat pfevaZoval
vyzkum genov§ch markerd, problematika identifikace odriid pomoci biochemickych metod
a také byly zvefejnény prvni praktické vysledky postupd tzv. genového inZenyrstvi
u ovocnych plodin.

Z bohaté diskuse vyplynul zavér, Ze oba hlavni vyzkumné sméry, tj. klasicky a biotechno-
logicky, mohou nejvice piispét k dalfimu pokroku celého odvétvi, pokud budou navzijem
iizce propojeny. Prvni praktické vysledky genového inZenyrstvi se tykaji rezistence proti
bakteridln{ spéle u jabloni a hru¥ni a indukce rezistence viidi virové Sarce u peckovin.

Mezi nejvyznamnéjii, zcela nové informace z tohoto sympézia, patfi bezesporu sd&leni
o vzniku nové rasy plivodce strupovitosti jabloni - houby Venturia inaequlis, ktera pfeko-
niv4 rezistenci podmin&nou genem Vf od Malus floribunda 821, jenZ je sou&sti naprosté
vétSiny rezstentnich odrid jabloni vySlechténych ve sv&€ b&hem poslednich 20 let. Prvni
vyskyt této nové rasy vyse uvedené houby se projevil v oblasti Altes Land (SRN), aviak byl
potvrzen i francouzskymi vyzkumniky v Angers. V Siroké diskusi k tomuto problému se
nejéastéji hovofilo o nutnosti co nejvice omezit Sifeni této nové rasy patogena, nezvySovat
podil rezitentnich odrid na bdzi Vf v novych vysadbich a dal¥i ¥lecht®ni v&t3i m&rou
orientovat na Jmé zdro;c rezistence, a to pfedeviim na zdroje polygenniho typu.

Béhem sympdzia, na zvlaStni schizce &lend EUCARPIA, byl zvolen novy prczldent
sekce, kterym se stal Dr. M. Kellerhals ze stanice ve Widenswilu (odborny garant
tohoto sympézia). Déle bylo uréeno misto daliiho zased4nf sekce, kterym bude Mezindrodni{
vyzkumny Gstav v East Malling (Anglie), pravdépodobné v roce 1996. Odbornym garantem
dal$iho sympézia byl zvolendr. K. To butt z tohoto dstavu.

Ing.JanBlaZek,hCSc.,
Vyzkumny a slechtitelsky iistav ovocndrsky, Holovousy
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NOVAOMETODA’ IZOLACE A STANOVENI ETERICKYCH
OLEJU KORENI A JEJICH SLOZEK

M. Jankovsky, D. Pefinovai, J. Petr

JANKOVSKY, M. - PERINOVA, D. - PETR, J. (Vysok4 ¥kola zem¥d&lsk4, Praha-
Suchdol): Novd metoda izolace a stanoveni éterickych olejit koreni a jejich
sloZek Zahradnictvi, 20, 1993 (4): 201-212.

Pro izolaci a stanoveni obsahu éterickych olejii kofeni byla zkouSena metoda konti-
nuiln{ destilace a extrakce (KDE) na Likens-Nickersonové pfistroji (L-N) s nisledu-
jici anal§zou plynovou chromatografif. Po orientaénich pokusech na fad€ kofeni byly
izolovany a stanoveny obsahy éterick§ch olejl nékterych kofeni. Byla ov&fena opti-
mélni doba extrakce pivodniho i drceného kminu. Metoda vykazuje vhodnou
pfesnost, sprivnost a reprodukovatelnost vysledkli a poskytuje mnohem vice
informaci o zkoumaném materidlu neZ metody pouZivané.

esencidlni oleje; kofeni; kmin; stanoveni sloZek; plynova chromatografie; extrakce
Likens-Nickerson

Te&kavé, obvykle senzoricky u¢inné ldtky obsaZené v tkdnfch Zivych organismi
jsou u nékterych zemédélskych produktd rozhodujfcim kritériem kvality. Je tomu
napf. u kmfnu, anyzu a jinych koteni. U nich tvoif t€kavé 1dtky pfevdZnou vétSinu
hmoty tzv. esencidlnich (nebo éterickych) olej.

Pii pokusech o objektivizaci jejich hodnocenf se obvykle rozlidujf tfi stranky:

a) Digitéln{ - ¢fselné vyjddienf hédonickych vlivil na ¢lovéka je dosud neusku-
te¢nitelné.

b) Kvalitativn{ hodnoceni, pivodn& zaloZené jen na senzorickém zdkladé, je
v souc¢asnosti obohacovéno ,,arométogramem®, zdznamem analyzy oleje plynovou
chromatografif. Pii pouZiti systému GC - MS jsou vysledkem jak udaje o poctu
sloZek oleje, tak i o jejich kvalité. Vzhledem k synergismu sloZek pfi subjektivnim
plisobenf jsou v3ak vztahy mezi vysledky pifstrojové analyzy oleje a jeho senzo-
rickym hodnocenfm velice sloZité.

¢) Kvantitativn{ hodnoceni obsahu esencidlniho komplexu je dosud propracové-
no a pouZivano jen na \rovni starfch analytickych metodik.

Jedna z moZnostf jak ziskat objektivni, pfedevsfm kvantitativn{ idaje o sloZen{
silice, je vyuZitf vysledkii analyzy plynovou chromatografif. Ze zjidt€nych rozdili
mezi surovinami riizné provenience je moZno pak dedukovat vlivy vné€jsiho prostie-
df, vyZivy a jinych faktord, podilejicich se na zmé&éndch v komplexu biochemickych
reakcf, jimiZ sloZky esencidlnich olejii vznikaji. Z té€chto vlivli (kromé& odriidové
odli¥nosti mnohokrét prokdzané, napf. Treutner, 1987) jsou to zejména
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intenzita vyZivy rostliny, intenzita a doba slune¢niho svitu, zdvlaha, zpiisob a mfsto
péstovanf (Sine, 1993).

V CR je standardni metodou destilace vodnf{ parou (CSN 58 0110).

V uvedené normé je popsdna (vedle dal3ich fyzikédlnich a chemickych zkou3ek)
Jjako rozhod¢i destilace vodn{ parou s nésledujici oxidaci kyselinou chromovou -
tedy po izolaci silice stanoven{ odmérné - analytické. Rozdflnost sloZen{ izolova-
nych silic je vyjddiena piepoctovymi koeficienty (0,350 - 0,700), zachycujicfmi
riizny podil oxidovatelnych sloZek v jednotlivych silicich.

Druhou rozhod¢i metodou je stanovenf{ silice gravimetricky po extrakci do
rozpoustédla. Metoda (s piesnosti 0,2 %) se nehodi pro ty druhy kofenf, které
obsahujf leh¢eji tékavé slozky. -

Ttet{ standardni metodou je destilace vodni parou s odectem objemu izolované-
ho oleje. Ta je sou&4stf Ceskloslov. 1ékopisu (III, s. 93-95) pro hodnoceni obsahu
silic v drogéch, vyuZivanych farmaceuticky.

Normované metody nepostihujf kvalitu z{skdvané silice, coZ je kompenzovéno
kritérii pro hodnoceni produkované ¢i vykupované suroviny (napadeni 3kiddci,
kontaminace plevely & jejich semeny (CSN 58 0515, CSN 56 9801 a normy
oborové). Piepoctové koeficienty mohou byt v pifpadé novych odriid s ¢4stedné
pozménénym spektrem silice piiCinou vnaseni systematické chyby do vx’sledku
analyzy.

V této préci byla zkouSena metodika stanoven{ éterického oleje spolu se stano-
venim jeho sloZzek metodou KDE s GC koncovkou.

Metoda KDE vyuZivd Likens-Nickersonova piistroje (Likens a
Nickerson,1964). Intenzivn{ miseni par umozZiiuje vysokou rychlost extrakce
do malého objemu rozpoustédla a extrahované podily jsou vystaveny nadédle pouze
teploté bodu varu extrak¢niho ¢inidla (35 - 45 °C). Uzavieny parni prostor sniZuje
mozZnost sekunddrn{ oxidace. PouZitf topnych hnfzd umoZiiuje piesné reprodukovat
podminky extrakce, coZ bylo potvrzeno pfi vyzkumu t€kavych sloZek kuiectho
masa, kdy reprodukovatelnost byla uspokojivi(Milfait a Jankovsky,
1991). Analyza koncentrovaného extraktu GC s vnitinfm standardem umoZiiuje
ziskat i kvantitativn{ ddaje.

Z rozsédhlych literdrnich idaji o analyzdch éterickych olejl kofenf uvddime jen
nekteré kli¢ové préce a prameny z poslednich let.

Jest& z dob ,,pied plynovou chromatografif* je napt. mozno citovat prici M a -
1é h o (1953), ktery se zabyval esencidlnimi oleji plodd kofen{ z hlediska zastou-
penf litek s riiznymi funk&nimi skupinami. JiZ on potvrdil, Ze pfi izolaci nemd
teplota ptestoupit 180 °C, dne3nf kritéria jsou podstatné pifsn&j¥f. Zdjem byl
zejména o fyzikdlnf charakteristiku oleji (La Face, 1957). Souc¢asné byla
studovédna optimalizace metody izolace oleje, kde za vyznamnou lze povaZovat
préci autori Heeger (1955)a Trebs (1965), kde je systematicky pouZito
destilace vodnf parou. Pro identifikaci sloZek byly velmi rychle aplikovédny chro-
matografické metody (Riganesis,1956; Teitelbaum,1957a,b; E1l-
-D eeb, 1962), objevily se prvnf kvantitativn{ idaje (Strauss, 1977).
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Obdobné tematice se v€noval A non (1965), ktery specifikoval ve své praci
hlavni standardizované postupy GC analyz, vetn€ analyzy esencidlnich olejd.
Hefendehl (1962) analyzoval pomoci GC esencidln{ olej méity peprné. Popsal
teoretické a praktické aspekty aplikace GC a jednotlivé metody identifikace pikd.

Vyuziti GC v kosmetice ke kontrole kvality esencidlnfch oleji a k identifi-
kaci nezndmych ldtek se zabyval Wheatley (1963). V pracich finskych
autord (Halvae et al., 1986) jsou sledovdny vedle t€kavych vonnych ldtek
i glukosinoldty kminu a koriandru.

Re3er3e z poslednich let (Agris) jiZ nezaznamendv4 zdkladn{ analytické, zejmé-
na kvalitativnf ddaje o sloZenf silic v CSN uvedenych zdkladnich typil kofenf. Byl
zjidtén zna¢ny podil prac{ zabyvajicich se peprmintovou esencf, skofici a mnohymi
tropickymi, méné b&Znymi surovinovymi zdroji (levandule, citrusové plody, euka-
lyptovdsilice). Vedle japonskych, egyptskych a francouzskych praci jsou to zejmé-
na price autorti z Jugoslédvie, (napf. Gorunovic a Lukic (1984).

V roce 1985 vyjédtilo zaseddn{ mezindrodniho kongresu o souasném stavu na
trhu aromanosnych rostlin (Collomb, 1985) snahu vritit se v produkci
hlavnich vonnych ldtek a kompozic pouze k piirodnim zdrojim (Fran z, 1986)
a postupné i k podmfnkdm alternativnfho péstovéni. Je to ddno i chemotaxono-
mickym aspektem oleji (Teteny i, 1986).

Pro ti z hlediska pouZiti zdkladni suroviny k pokustim jsou ilustrativni nésledu-
jfcf préce:

Esencidln{ olej kminu: Jeho obsah je podle autorti riizny. Polsky kmin obsahoval
5,8-10,33 % oleje (Tumilowicz,1958) kmin z vychodntho Pékistanu 3,3 -
3,5% (Wahid, 1960), Karow (1969) uvadf 3 - 6 %, pobaltsky kmin
(Jukneviciene etal, 1977) md 4,25 % oleje. Identifikaci sloZek esencidln{-
ho oleje pomoci TLC se zabyvali napf. E1-D e s h etal. (1962), ktef{ jako hlavn{
sloZky popsali karvon, limonen, felandren a alfaterpinen. Kartnig a Scholz
(1969) nalezli stigmasterol, kumariny, bergapten, umbeliferon a scopoletin. Podle
K arowa (1969) karvon predstavuje 50 - 60 % (vedle dihydrocarvonu, d-limonenu
a linaloolu), podle Jukneviciene et al. (1977) 59,5 %, majoritn{ karvon
potvrzuji Fara g etal. (1989). Velice obsdhly soubor idaji o obsahu esencidlni-
ho oleje a karvonu v kminu poddvd souhrnnd zpradva UKZUZ (Sin e, 1993).

Anyz: Jedna ze souhrnnych pracf o éterickém oleji anyzu (D e w e i n, 1955) se
stala zdkladem dal$ich vyzkumi. Za standardn{ je povaZovén asi 3,5% obsah oleje
v plodech, egyptské prameny uvadéji aZ 5,5 % (E1-Hamidi a El-
Ganghini, 1962), pakistdnské 0,55 % (Efran Ali et al, 1967). Jeho
majoritn{ sloZkou je anetol, jak uvadi napf, Karown (1968) a Becker
(19704, b), ktery separoval 11 sloZek oleje.

Fenykl: Od ur¢enf zdkladnich fyzikdlnich a chemickych konstant (K 1ime k,
1951) se obohatily poznatky o sloZen{ oleje fenyklu o0 mnoho. Spole¢né€ s anyzem
obsahuje anetol, fellandren, fenchon, estragol (C osta, 1958), metylchavikol
(Solowitsch a Chiketi, 1963) i fadu monoterpeni (Ravid et al,,
1984). Celkovy obsah t&kavého oleje &inf asi 3,5 %. Casto je uv4dén obsah 19 %,
ale ten ndleZ{ extrahovatelnym lipidickym ldtkdm spolu s éterickym olejem
(Haddad, 1965).
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MATERIAL A METODY

Pokud bylo pouZito komer¢nich zdroji koienf (vétsina pokusi), byly nakoupené
suroviny sesypdny a promfseny. Ze vzorku uloZeného v lednici byly kvartaci
odebirdny podily ke stanoveni.

PouzZité chemikdlie byly Cistoty puriss, rozpoustédla sulena sfranem sodnym
(Labora Praha) a destilovéna ptes 30 cm Virgreuxovu kolonu. Odparek o objemu
0,5 ml ze 100 ml vykézal pii plynové chromatografické analyze piftomnost stop
chlorovanych metani a etand, resp. vy$3ich alkani.

Likens-Nickersondv pifstroj by vyroben ve skldfskych dfln4ch Tesla - Vakuovd
elektrotechnika podle ndkresu. Parnf prostor ¢inf 400 ml, separa¢ni prostor m4
objem 10 ml. Minim4ln{ objem extrak&niho ¢inidla je 15 ml.

Plynové chromatografické analyzy byly provedeny na pifstroji CHROM 5 (La-
boratorn{ pifstroje, Praha) osazeném sklenénou nédpliiovou kolonou o délce 3 m
a vnitinfm priméru 3 mm. Jako nédplné& bylo pouZito Chromatonu AW - DCMS
(80 - 100 mesh) se zakotvenymi poldmimi fézemi (modelové 5 % CWX 20 M,
XE 60, OV 225). Teplotni program 70 °C po dobu 4 min, vzestup 3 °C za min do
150 °C, vzestup 4 °C za min do 225 °C, prodleva 6 minut.

Pro ziskdn{ kvantitativnich idaji byly vzorky obohaceny majoritnf sloZkou (je
uvedena v ¢4sti diskuse) nebo izomerem majoritn{ sloZky. PouZit{ jiného standardu
je jmenovité uvedeno.

ROSTLINNE MATERIALY

Bazalka (Ocimmum gratissimum L.). Pro stanoven{ byl pouZit su§eny rostlinny
materidl ze $kolnfho pozemku. NavédZka 47,5 g byla extrahové4na celkem 14 hodin.
Jako vnitinf standard byl vyjime¢né& pouZit naftalen, ktery neinterferoval se Zddnou
sloZkou.

Fenykl (Foeniculum vulgare Mill.). Vzorky fenyklu byly komer¢nf, nakoupe-
né v maloobchod€. NavdZka 25 g byla extrahovéna 15 hodin. Jako rozpoustédla
bylo pouZito 30 ml smé&si dichlormetanu a chloroformu v pomé&ru 1: 1.

Hi'ebi¢ek (Syzigium aromaticum L.). I vzorky hi'ebicku byly komeréntho pi-
vodu, zakoupené v maloobchodg, bez urdenf provenience. NavdZzka 25 g byla
extrahovéna po dobu 13 hodin s pouZitfm rozpoustédla dichlormetanu a chloro-
formu v poméru 1 : 1. '

Muskétovy offSek Myristica fragrans Houtt L.). P&t kusi muskéitovych off¥kd
bylo zakoupeno v b&Zné obchodnf siti. NavdZka 9,3 g drceného materidlu byla
extrahovéna celkem 15 hodin. PouZité rozpoustédlo: dichlormetan a chloroform
vpomérul: 1.

Kmin (Carum carvi L.). Vzorky pro analyzy kminu byly dvojf provenience.
Polétecni a orientatni pokusy byly provedeny s komerénim kminem (Balfrmy
obchodu, Praha), dal3i vzorky poskytl prof. Petr. Pro srovndn{ byl analyzovén
i vzorek komer¢nfho drceného kminu. NavaZka kolem 25 g kminu byla extrahovéna
10 hodin, pokud nenf uvedeno jinak. Jako extrak&nfho &inidla bylo pouZito smé&si
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petroléteru a dichlormetanu v poméru 3 : 1, smési petroléteru a dietyléteru (1 : 1),
smési dichlormetanu a chloroformu (1 : 1) a samotného dichlormetanu.

Anyz (Pimpinella anisum L.). Vzorky kofeni mély komer¢nf pivod stejné jako
kmin. Jako rozpoustédlo byl zvolen dichlormetan.

STANOVEN{ OBSAHU SILICE PODLE ORIENTACNf METODY CSN 58 0110

Silice (souhrn éterického oleje) byla ziskdna presnym provedenim podle normy.
Objem ziskaného éterického oleje byl po vyndsoben{ pi‘edpok]adanou mémou
hmotnost{ (pro kmin 908 kg/m ) piepocten na hmotnost a je uveden jako udaj
obsahu silice. Pro kontrolu byla silice vypusténa i s vrstvou vody do délici ndlevky,
pfistroj i délicf ndlevka byly opldchnuty 20 ml petroléteru o bodu varu 24 - 32 °C
a spojené petroleterové roztoky silic byly zahidty po dobu 10 min ve vodni 14zni
50 °C teplé, aby se odpafil petroléter. Extrak&ni zbytek - silice - pak byla pifmo
véZena. Obé stanoven{ poskytla prakticky totoZné vysledky.

EXTRAKCE NA L-N PRISTROIJI

Rostlinny materidl byl odvéZen do litrové bariky, pfelit 300 ml vody a zahi{van
v topném hnizd€ k varu. Sou¢asné& byla na druhé hrdlo piistroje pifipojena 50 ml
barika s 30 ml extrakéniho ¢inidla v termostatované vodnf 14zni zahiivand k varu.
Specifikace extrak¢nfho ¢inidla je uvedena u jednotlivych pokusd. Za ustdleného
stavu (asi 5 ml destildtu vody i rozpoustédla za minutu) bylo pokradovéano v desti-
laci po udanou dobu.

V pokusech pfi stanoven{ dynamiky extrakce bylo po zvolené dobé destilace
zahiivan{ prerudeno a extrak¢ni ¢inidlo vyménéno za Cerstvy podil.

Jednotlivé extrakty byly presueny siranem sodnym, extrakt opatrné€ odlit a sfran
sodny byl promyt 3 x 5 ml extrakénfho ¢inidla. Spojené extrakty byly zakoncentro-
vany oddestilovdnfm extrakénfho &inidla ptes Vigreuxovu kolonu a ke zbylému
objemu asi 0,5 ml byl pfipipetovédn piesny objem roztoku standardu.

Koncentrace roztoku standardu ¢inila obvykle cca 4 mg/ml, stanovend piesné.
Vhodny se uk4zal citronelal nebo myrcen, snadno dostupny je ¢isty karvon nebo
anetol. Vyjimecné byl pouZit roztok naftalenu o stejné koncentraci s pouZitim
piisludnych piepoctovych koeficienti (1,8 resp. 2,0 vii¢i karvonu nebo anetolu).

IDENTIFIKACE SLOZEK

Identifikace jednotlivych sloZek silice byla provedena kochromatografif au-
tentickych sloZek jen pro n€kolik latek, vysoce majoritni slozky byly v souladu
s literdrnimi idaji povaZovény za hlavn{ uddvané 1atky dané silice.

VYSLEDKY A DISKUSE

Souhrnné vysledky tdvodnich pokusi jsou uvedeny v tab. L.
Dlouh4 extrak¢ni doba, volend pro prvn{ ,informativni“ sérii pokusi méla
zajistit dplnou extrakci t€kavych sloZek. Pro omezen{ vzniku artefaktd a vySSf
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1. Obsah silice v modelovych matridlech — Essential oil content in model materials

i Extrakénf Dicbaexin d(ce3 Obsah snluie Obsah silice
Materiél Einidlo? (b podle L-N standargnf
tidio (%) metodou” (%)
Bazalka (sufen4)® D:P 1:1 14 0,944 - 0,968 0,880
Fenykl’ D:C 1:1 15 4,216 - 4,228 4,20
Hfebieek® D:C 1:1 13 8,88 -9,66 9,15
Muskétovy offsek’ | D:C 1:1 15 549 -6,71 6,60
Kmin'® D:C 1:1 15 439 -442 4,40
Anyz'! D:C 1:1 12 2,975 - 3,020 3,050
D = dichlormetan — dichlormethane P = pentan — pentane
C = chloroform — chloroform E = dietyleter — diethylether

"material, Zextracted agent, 3time of extraction, *essential oil content according to L-N, Sessential

7

oil content by standard method, Sbasil (dried), "fennel, sclove, 9nutmeg, 0camway seed, anise

expeditivnost metodiky bylo tfeba extrakci zkritit. Proto byla provedena fada
pokusfi, ve kterych byla sledovdna dynamika extrakce, a to u anyzu, fenyklu
a kmifnu (tab. II).

ProtoZe délka extrakce 10 hodin, kterd se ukédzala jako dostalujici, je pro
praktické provadén{ pifli§ dlouhd, bylo v dal3fch pokusech pfistoupeno k mecha-
nickému drcen{ plodd s cflem ovéfit, zda nutnd doba extrakce bude niZ3i. Pokusy
s drcenym materidlem se omezily pouze na kmin (tab. III).

Pro ové&fenf byla provedena dal¥f série pokusd s drcenym kminem, kdy byly
porovnédny hodnoty jak ¢dste¢né extrakce, tak vysledky koncové, uvedené v tab. IV.

PRVNI ORIENTACNI VYSLEDKY

Bazalka: Bylo separovdno a vyhodnoceno 25 sloZek, majoritn{ sloZkou byl
eugenol - 55,2 %, tj. 530 mg/kg. Z toho bylo dedukovéno, Ze se jednalo o bazalku
eugenolového chemotypu - Ocimmum gratissimum. Celkovy obsah t&kavych
sloZek byl 960 mg/kg.

Fenykl: Bylo separovdno a vyhodnoceno 33 sloZek, majoritn{ byl anetol -
58,6 %, tj. 24,70 g/kg ze stanoveného obsahu t€kavych latek 42,00 g/kg.

Hi‘ebi¢ek: Bylo separovano a vyhodnoceno 20 sloZek, hlavni sloZzkou by eugenol
-67,9 %, tj. 63,00 g/kg ze stanoveného obsahu t&kavych latek 92,70 g/kg.

Muskidtovy oifSek: Bylo separovdno a vyhodnoceno 33 sloZek s majoritnim
eugenolem - 59,8 %, tj. 36,50 g/kg ze stanoveného obsahu té€kavych litek
61,00 g/kg. :

Kmin: Bylo separovdno a vyhodnoceno 24 sloZek, dominantni sloZkou byl
karvon - 61,1 %, tj. 26,90 g/kg pro stanoveny obsah t€kavych l4tek 44,05 g/kg.
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I1. Priibéh (dynamika) extrakce anyzu, fenyklu a kminu — Pattemn (dynamics) of anise, fennel and
caraway seed extraction

Matergl! | Extrakent 1zolovéno silice (%) od - do hodin® Silice,

ginidlo 0-1 1-2 | 2-35 | 35-5 | 5-10 | celkem
Angz’ D 1,757 | 0522 | 0469 | 0195 | 0010 | 2953
Anyz D 1,528 | 0643 | 0439 | 0274 | 0,117 | 3,001
Fenykl® D 2,893 1,068 | 0,185 | 0,107 2 4,253
Kmin’ |P:D 3:1| 3,131 | 0693 | 0306 | 0172 | 0058 | 4,360
Kmfn® |P:D 2:1| 3,108 | 0345 | 0085 | 0096 : 3,634

Kmifn P:E 1:1 3,143 0,519 0,477 0,363 0,097 4,600

Kmin™ | D:C 1: 3316 | 058 | 0392 | 0228 | o111 4,633

T

Kmifn"" D 3274 | 0491 | 0512 | 0300 | 0076 | 4,653
Kmin"" D 348 | 0455 | 0089 | 0018 | 0,014 4,061
Kmfn"" D 3,686 0,295 0,088 0,095 0,051 4215

¥ %% = dva vzorky nekomerénfho kminu, poskytnuté prof. Petrem — Two samples of non-
commercial caraway seeds provided by prof. Petr

For 1 - 2 see Tab. I; 3essential oil isolated (%) from to hours, 410tal essential oil, sanise. Sfennael
caraway seeds

III. Dynamika extrakce drceného kmfnu do dichlormetanu — Pattern of extraction of crushed
caraway seeds into dichlormethane

Cislo Navizka Izolovéno silice (%) od - do hodin3 Silice
pokusml kminu2 (g 0-1 1-2 2:35 35-5 celkem" (%)
1 25,0 3,902 0,500 0,260 0,085 4,747

2 25,0 4217 0,518 0,134 0,038 4,907

3 15,2 3,645 0,360 0,193 0,047 4,253'

4 23,9 1,005 0,041 0,019 0,021 1,086”

* = pokus proveden s odstupem 50 dnf, kdy byl drceny materidl uloZen v uzaviené nddobé
v laboratofi — the trial conducted with an interval of 50 days when crushed material was stored in
closed vessel in the laboratory

** = jako materi4l byl pouZit komerén{ drceny kmin; pro vysokou rozdilnost vysledkd oproti kmfnu
drcenému v laboratofi byl pokus tiikrat opakovén — the trial was replicated three times for high
difference of results compared with caraway seeds

Yrial No., 2weighed amount of caraway seeds, Jessential oil isolated (%) from to hours, 4otal
essential oil
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IV. Pribéh (dynamika) extrakce té€kavych l4tek - drceny kmfn — Pattem of extraction of volatile
substances - crushed caraway seeds

Cislo Izolovéno silice (%) od - do hodin2 Silice
pokusu' [ _ 12 3-85 35-5 s.10 | celkem’ (%)
1 3,599 0,391 0,154 0,146 - 4,290
2 3,443 0,519 0,134 0,078 0,097 4,271
3 3,130 0,692 ° 0,153 0,171 0,058 4,204
4 3,683 0,295 0,088 0,099 0,088 4,253
5 3,555 0,455 0,089 0,018 0,013 4,130
6 3,608 0,345 0,085 0,096 - 4,134

Pro ilustraci reprodukovatelnosti navrhované metodiky byla pifi zachovani plné homogenity
materidlu provedena Sestindsobn4 extrakce vzorkd v co nejkrat$fim rozmezf od doby rozmélnén{
(drcenf) materiélu, pfi jeho do¢asném uchovéni v temnu a chladu lednice. Pro analyzu fenyklu byla
ziskédna tato data: maximum 3,579 %; minimum 3,402 %; priimér 3,4605 %; rozpétf 0,177 %;
variaénf koeficient 0,0206; smérodatnd odchylka 0,0714; pi{pustné chyba 0,075; chyba priméru
0,0291; interval spolehlivosti 3,3899 - 3,5311 — To exemplify reproducibility of proposed metho-
dology six-fold extraction of samples in as much as shortest interval from the time of crushing the
material while keeping full homegeneity of material and ephemeral storing in dark and cold place
(refrigerator). The following data were obtained for analysis of fennel: maximum 3.579 %;
minimum 3.402 %; average 3.4605; range 0.177 %; variation coefficient 0.0206; standard devia-
tion 0.0714; admissible error 0.075; error of mean 0.0291; interval of reliability 3.3899 - 3.5311

Yirial No., 2essential oil isolated (%) from to hours, 3total essential oil

Anyz: Bylo separovdno a vyhodnoceno 35 sloZek, dominantni anetol - 51,3 %,
tj. 15,30 g/kg pfi celkovém obsahu 29,95 g/kg t€kavych litek.

DYNAMIKA EXTRAKCE

Pii hodnoceni priibéhu extrakce bylo zjisténo, Ze v prvnich dvou hodindch
extrakce na L-N pifstroji je zfskdno témé&r 80 % silice, po 3,5 hodin4ch vice neZ
91 %. Vy33i hodnoty extrakce na L-N pifstroji jsou zfejmé& zpiisobeny lep3f extrake{
do rozpoustédla oproti separaci silice od vodného prostiedi. Nériist obsahu extraho-
vanych litek kolem 5. hodiny extrakce, ktery se jevil u né&kterych pokusi, se
nepodafilo vysvétlit.

Srovnédni extrakce na L-N pifstroji se standardnimi normovanymi metodami
vykazuje vysokou shodu vysledki, které jsou u L-N pifstroje vét§inou o mélo vy3sf.
Rozdil €inf s vyjimkou bazalky méné& neZ 1,5 %. U bazalky je rozdil ddn nizkou
hmotnostf ziskané silice, kterd m4 za nésledek niZ3{ pfesnost standardnf metodiky.

Podle vysledki extrakce rliznymi ¢inidly se ned4 rozhodnout, které poskytuje
lep3f vysledky. Od zkouSenych smési je vhodné ustoupit, nebot je jednodudsi pouZit
CH,Cl,, ktery se d4 pfipravit v reprodukovatelné kvalité.
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VYSLEDKY EXTRAKCE DRCENEHO MATERIALU

Z vyslednych hodnot vyplyv4, Ze drcenim se dynamika extrakce urychlf. BE€hem
prvnich dvou hodin je extrahovéano vice neZ 95 % celkové sumy silice. Naopak i pfi
vyhovujicfm uloZen{ drceného materidlu, dochézf ke sniZovan{ obsahu silice a me-
toda by musila respektovat pro srovnatelné vysledky délku doby a podminky
skladovan{. Nepifmym dokladem toho je i zji§t€ny nizky obsah silice u komer¢nfho
drceného kminu. Proto neni vhodné materidl drtit s asovym piedstihem pied
zpracovanfm. Extrak¢nf dobu je moZno drcenfm zkrétit na tfi hodiny.

NAVRH METODY

Izolace éterického oleje kofeni

Vzorek kotenf o hmotnosti 15 - 25 g, zfskand kvartacf z pvodnfho mnoZstvi, se
po piesném odvaZen{ vnese do 1000 ml barky Likens-Nickersonova piistroje
apielije se 600 ml destilované vody. Vzorek je moZno krétce pied navdZenfm semlit
na zrmitost, odpovidajicf asi 1/3 velikosti semene.

Do extrak¢énf 50 ml bariky pifstroje vlijeme 35 - 40 ml vhodného extrak¢niho
¢inidla kontrolovaného na piftomnost vy38ich sloZek v 0,5 ml odparku ze 100 ml.
Vhodnym ¢&inidlem je dichlormetan, pentan, dietyléter nebo jejich smési.

Ob¢ bariky pifstroje se umist{ do topnych hnfzd a po uvedenf obou kapalin do
varu se seffdf intenzita zahifvan{ tak, aby rychlost destilace vody i rozpoustédla
Cinila asi 2 - 3 kapky za sekundu.

Extrakci provddime po dobu 5 hodin, u mletych vzorkd nejméné 3,5 hodiny.

Po skondenf extrakce pievedeme extrakt do 100 ml destiladnf bariky a destilac{
pies kolonu o nejméné Ctyfech teoretickych patrech ho zahustfme (max. teplota
70 °C) na objem 3 - 5 ml.

Stanoveni obsahu éterického oleje a jeho slozek

Vzorek nyn{ podrobfme plynové chromatografické analyze za podminek uvede-
nych niZe a podle chromatogramu zvolime néstiik a citlivost. Sejmeme optimé4ln{
chromatogram. Pak se do zakoncentrovaného vzorku vnese vhodny standard
0 hmotnosti odpovidajicf asi 5 % ptedpoklddané hmotnosti izolovaného oleje.
Standard je tfeba volit nejlépe jako izomer majoritn{ sloZky a pouZit roztoku
standardu ve stejném extrak¢nim Cinidle, jakym byla extrakce provedena. Je3t& ped
pfiddnim standardu do vzorku je tfeba provést chromatografii roztoku standardu,
aby poloha pfku standardu (pokud nenf pouZito obohacenf vzorku jiZ piftomnou
sloZkou) v chromatogramu byla jednozna¢né identifikovéna.

Vzorek se standardem se podrobi plynové chromatografické analyze nejlépe na
poldrn{ néplni (XE-60, CWX 20 M apod.) s programovanou teplotou. Podminky
analyzy je tfeba optimalizovat. doporuené podminky jsou pocatedni teplota 60 aZ
70 °C, prodleva 3 - 4 min, vzestup 2 - 3 °C za minutu do 220 °C. Priitok dusfku asi
7 ml/s. Nastavenf integritoru je tfeba volit tak, aby byly eliminovény pik(y)
extrak¢ni smé&si. Hodnoty ploch pfkidl a standardu (s pfipadnym pfepoltovym
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koeficientem) uddvaji pomér hmotnosti sloZek a standardu. Ze vztahu plochy piku
standardu a sloZek se vypoctou kone¢né tidaje.
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JANKOVSKY, M. - PERINOVA, D. - PETR, J. (University of Agriculture, Praha-
Suchdol): A new method of isolation and determination of ethereal oils in spices
and of their components. Zahradnictvi, 20, 1993 (4): 201-212.

Continuous distillation extraction method (CDE) of ethereal oils was tested with
several types of spices using the LIKENS-NICKERSON apparatus. The method, to-
gether with the Gas chromatographic analysis (GC), provides quantitative data about
the content of ethereal oils and its components and thereby gives information about the
ethereal oil quality.

Ethereal oils content of sweet basil, fennel, nutmeg, cloves, caraway seed and anise
was determined using CDE, as well as GC. When compared to other methods commonly
used for ethereal oils determination, no substantial differences were found. Moreover,
CDE with GC provided quantitative values as to the dominant compound and other
ethereal oil components.

Using caraway seed, an extraction time of five to six hrs yielded more than 95% of
ethereal oils. Extraction of four hrs may be sufficient for crushed materials. It is
important, however, to extract the crushed raw material as soon as possible.

The conditions and reproducibility of the method were determined by repeated
experiments. The optimal starting weight of the material, the optimal extraction agent,
the conditions and rapidity of recirculation of solvents during the extraction and the
conditions of quantitative analysis utilizing internal standard are proposed.

Experiments using other materials are in progress in order to verify the suitability
and precision of the method. The method suggested is open to discussion.

ethereal oils; spices; caraway seed; determination of components; gas chromatography;
Likens-Nickerson extraction
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ORGANOGENEZE VYHONKU MALINIKU (RUBUS IDAEUS L)
Z LISTOVYCH DISKU

M. Janedkova, J. Mysliveckovd, D. Capkova

JANECKOVA, M. - MYSLIVECKOVA, J. - CAPKOVA, D. (Vyzkumny
a Slechtitelsky dstav ovocnédfsky, Holovousy): Organogeneze vyhonkit malinfku
(Rubus idaeus L.) z listovych diskii. Zahradnictvi, 20, 1993 (4): 213-216.

Invitro regeneraéni technika listovych diski byla aplikovana na osm odriid maliniku
(Algonquin, Bulharsky Rubin, Findus, Grandt, Haida, Ljulin, Rutrago) a jedno
novoslechténi LS 32/11. VSechny odriidy a LS 32/11 maliniku, s vyjimkou odriidy
Rutrago, kterd nebyla testovéna, byly negativni v testech na $tdvou pfenosné viry
(ATMV, SLRV, ApMV, RRV a TomRSV). Odriidy Bulharsky Rubin reagovala
nejrychleji v Casovém intervalu za 34 - 35 - 38 - 51 dnd prordstdnim vyhonkd
z listovych diskd. Relativn€ shodn€ odpovédély proriistdnim vyhonkd na listovych
discich odridy Granat a Algonquin v &asovém intervalu 39 - 106 dnd. Pomaleji
odpovidala odriida Haida, ktera vytvofila vyhonky na listovych discich za 51 - 66
dnd. N§ 32/11 odpov&d&lo tvorbou v§honkd na listovych discich za 78 dnd. Odridy
Findus, Ljulin reagovaly pouze tvorbou mikrokalusd. Listové disky odriidy Rutrago
ztratily chlorofyl a nereagovaly viibec.

Rubus idaeus L.; organogeneze; listové disky

In vitro regenerac{ maliniku z listovych diskd a osnich segmenti se vyzkumné
zabyvali Mc Nicol aGraham (1991). In vitro regeneratni techniky
listovych diskd vyuZili pro zaveden{ transforma¢nfho systému pro malinik, os-
truZnik a pro ostruZino-malinfk, ktery vyuZ{v4 bindrnf vektorovy systém Agrobac-
terium tumefaciens pro inzerci exogenich gendi dorostlin(Graham aj., 1990).

Cilem price byla aplikace in vitro regenera¢nf techniky listovych diskdi na
odriidy malintku (R. idaeus L.). Spojenti in vitro regenera¢niho systému listovych
diskil s transforma¢nimi technikami ndm umozZnf zfskat transformované rostliny
malinfku.

MATERIAL A METODY

Pro aplikaci in vitro regeneratnf techniky listovych diskdl bylo pouZito osm
odriid a jedno novoSlechtén{ maliniku (tab. I). V3echny odriidy malinfku pochdzely
z ozdravovaciho programu, s vyjimkou odriidy Rutrago, a byly testovdny na
piftomnost $fdvou pienosnych vird bylinnymi testy a metodou ELISA (ArMV,
SLRV, ApMV, RRV, TomRSV). Jejich reakce byly negativnf.

Listové disky malinfku byly odebfrdny v termfnech 4. 1., 25. 3., 20. 5. a 21. 5.
1991. Byly vyfiznuty v podminkéch sterilnfho boxu BSB 3 GELAIRE za pomoci
pinzety a skalpelu na Petriho misk4ch ze stfednf partie stfedné& starych listd
meristémovych kultur, které byly ve fazi multiplikace. Skalpelem byly naffznuty
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L. Odridy a novoslechtufmalinfku pouZMé pro regeneracnf techniku listovch diskd — Varieties
and new selection of raspberry used for the regeperation technique of leaf discs

Odriida’ Prim&mf nasazeni>LD Podet’ LD Podet’ EBm
Rutrago 4. 1. 1991 6,6 2
Algonquin 20. 5. 1991 6,6 2
Bulharsk¢ Rubfn 20. 5. 191 6,9 2
Granit 20.5. 1991 6,9 2
NS LS 3711 20. 5. 1991 6,9 2
Haida 20.5. 1991 6,6,7 3
Bulharsk§ Rubin 21. 5. 191 6,6 2
Findus 21.5. 191 LT 2
Ljulin 21.5.191 9,7,6 3

Celkem* 135 20

Vysvétlivky — Explantations:
LD = listové disky — leaf discs
EBm = Erlenmayerova barika mald — small Eflenmayer flask

Ivariety, Zprimary setting, >number, “total

siln&j3{ Zilky nervatury listovych diskd. Vyffznuté listové disky malinfku by
primédrn€ nasazeny na pevné regeneraén{ médium A-33 do Erlenmayerovych banék
(EBm) tak, aby jejich vrchnf strany byly v kontaktu s médiem.

Listové disky malinfku v EBm byly kultivovéany 3 - 4 tydny v podm{nkéch tmy
pfi teplot& 26 °C v biologickém termostatu BT 120 (Laboratornf pifstroje, Praha).

Po 3 - 4 tydenn{ kultivaci ve tmé& byly v EBm pieneseny na ¢erstvém regen-
eradnfm médiu A-33 do upraveného biologického termostatu BT 120, kde byly
péstovany pfi teplot€ 26 °C v reZimu 16 hodin svétla a 8 hodin tmy.

VYSLEDKY

Listové disky malinfku odpovidaly, obvykle v z4vislosti na odridé, nejdifve
tvorbou mikrokalusi lokalizovanych na okraje diskil a na siln&j8f Zilky nervatury.
Barva listovych diskil malinfku se ménila v priib&hu kultivace a subpasiZ{ od
zelené pies svétlezelenou, zelenoZlutou, béZovou, svétle hnédou aZ po hnédou.
RovnéZ barva mikrokalusii se mé&nila od bflé, béZové, zelené pies svétle hnédou aZ
po hnédou.

Nalistovych discich odriid Bulharsky Rubfn, Algonquin (nové kanadsk4 odrfida,
Mr. Daubeny), Granét, Haida a novoSlechtén{ malinfku LS 32/11 (.§S Velké
Losiny) se vytvofily vyhonky v ¢asovém intervalu 34 - 35 -38 -39 -51 - 66 - 78 -
106 dnil po primdrnim nasazen{. Listové disky odriid Findus a Ljulin reagovaly
pouze mikrokalusy, odriidy Rutrago ztratily chlorofyl a nereagovaly.

Somaklondlni variabilita listovych disk osmi odriid a jednoho novoSlechtén{
maliniku je uvedena v tab. IL
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II. Vysledky organogeneze malinfku. Somaklony malinfku indukované in vitro regeneraénf
technikou listovych diskd (LD) — Results of raspberry induced in vitro by regeneration technique
of leaf discs (LD)

< 2 " 4
Re i Odpovéd Ilstovysch diskd malinfku
Odrida' | Médium? | (@Y P peals
pnmdmfnj . . s regene- |y
e s s B I S
vyhonky’
Bulharsky | 4 33 | 34 38 12 12 2 s
Rubin
Bulbasky |, 44 35, 51 15 13 2 5
Rubin
Algonquin | A-33 39, 106 12 10 2 3
Grandt A-33 39 15 14 1 1
Haida A-33 51 19 1 2 2
LS 32/11 A-33 78 15 14 1 1
Findus A-33 21 14 1 0 0
Ljulin A-33 21,27 22 9 0 0
bez reakce,
Rutrago A-33 24 12 Zréta 0 0
chlorofylu"
10 34-35-38-
Celkem 305t 4 136 84 10 17

A-33medium (Laimer et al., 1988)

lvarit:ty, medium éencmnts (days after primary setting), response of mspbeny leaf discs,
Snumber of leaf dlscs set, 'with microcalluses, Swith regenerating offshoots, %total number of
offshoots, total, Hwithout reaction, loos of chlorophyll

V roce 1992 bylo pfipraveno 77 rostlin maliniku ziskanych meristémovou
kulturou a technikou listovych diskdl pro srovndvacf testy na poli. Rozsah soubori
je limitovéan ekonomicky.

Zvl4dnut{ in vitro regeneranf techniky listovych diskdl, umoZiiuje poznin{
somoklondln{ variability malinfku a jejf potencidlnf vyuZit{ pii vnd3en{ definované
exogennf DNA do genomu maliniku.
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Doslo 21. 4. 1993

JANECKOVA, M. - MYSLIVECKOVA, J.- CAPKOVA, D. (Research and Breeding
Institute of Pomology, Holovousy): Organogenesis of raspberry offshoots from leaf
discs. Zahradnictvi, 20, 1993 (4): 213-216.

In vitro regeneration of leaf disc technique was applied on eight raspberry varieties
(Algongiun, Bulharsky Rubin, Findus, Grandt, Haida, Ljulin, Rutrago) and one new
selection LS 32/11. All raspberry varieties and new selection LS 32/11 were negative in
tests for sap-transmissible viruses (ArMV, SLRV, ApMV, RRV and TomRSV) with
Rutrago which was not indexed. Raspberry variety Bulharsky Rubin reacted the fastest
by shoot differentiation on leaf discs in time interval of 34 - 35 - 38- 51 days. Varieties
Granét and Algonquin responded relatively identically by shoot differentiation on leaf
discs in time interval of 39 - 106 days. The variety Haida responded slowlier by shoot
differentiation on leaf discs in time interval 51 - 60 days. Raspberry new selection LS
32/11 reacted after 78 days through shoot differentiation on leaf discs. The varieties
Findus and Ljulin answered by the formation of microcallus solely. Leaf discs of the
variety Rutrago lost chlorophyll and did not react at all.

Rubus idaeus; leaf discs; organogenesis
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CITLIVOST VYRASEN'Y'CH PUPENU REVY VINNF; K IMITACI
JARNIHO MRAZU V ZAVISLOSTI NA PROSTREDI

M. Hubéackova

HUBACKOVA, M. (V§zkumn4 stanice vinafské, Karl$tejn): Citlivost vyrasenych
pupenii révy vinné k imitaci jarntho mrazu v zdvislosti na prostredi.
Zahradnictvi, 20, 1993 (4): 217-222.

Na konci zimy 1992 a 1993 jsme ve specidlnich mrazicich komoréich s regulovanym
teplotnim reZimem stanovili citlivost vyraSenych pupeni révy vinné vii&i mrazu-4 °C
(10,3 °C), které byly bezprostfedné pfed mrazovym stresem umistény v prib&hu dne
po dobu 5 adéle 4, 8 a 11 dni ve venkovnim a laboratomim prostfedi. Pro hodnoceni
citlivosti jsme vybrali pupeny vyraené na jednopupenovych fzcich ve skleniku a
nachézejidi se ve stejném stadiu vyvoje. Ziskané vysledky naznaluji, Ze vidi jarnimu
mrazu jsou vice citlivé ty vyrasené pupeny, které jsou pfed mrazovym stresem
umistény ve venkovnim prostfedi. Ve skleniku vyraSené a uméle infikované pupeny
epifytnimi baktériemi Pseudomonas syringae (c = 10”7 ¢ FV/m1) viak neprokézaly
vys§ citlivost vii¢éi mrazu, neZ vyraSené pupeny stejného vyvojového stadia bez
umélé infekce.

réva vinnd; vyraSené pupeny; venkovni{ a laboratorni prostfedf; Pseudomonas sy-
ringae; imitace jarniho mrazu; $kody

Pro ur&enf odolnosti odriid révy vinné vii¢i zimnfm mraziim se v kontrolovaném
prostfed{ pouZiv4, kromé& jinych metod, hodnocen{ podle Zivotnosti pupendl po
stresech v mrazicfch komoréch s regulovanym teplotnim rezimem. Zivotnost pupe-
ni se hodnot{ bud’ podle zabarveni os na fezech pupenil, nebo podle podilu
vyradenych pupenil na jednopupenovych fizcich umisténych bazdlnim koncem ve
vodé&. Pfi druhém zpidsobu hodnoceni Zivotnosti se nabizi moZnost vyuZit rasic{
neposkozené pupeny Slechtitelskych forem révy vinné pro stanoveni{ vy3e odriidové
citlivosti také vii¢i jamfm mrazdm.

Pro vypracovanf diagnostiky citlivosti révy vinné k jamfm mraziim v kontrolo-
vaném prostiedf uZ v zimnfm obdobf je moZné pouZit uvefejnéné experiment4ln{
udaje o ucincich nukleadné aktivnich baktérif a jingch nuklea¢nich substantiv
(Luisetti,1978; Anderson aj., 1982a1987; Ashworth aj., 1985;
Luisetti aj., 1991 adal3f), chybf v8ak dostatek podkladi o rozdilech v poko-
zen{ radicich pupend, kdyZ jsou pifed mrazovymi stresy uchovévény v laboratornfm
a venkovnim prosti‘edf.

PredloZend préce chce pfispét k posouzeni komplexniho tcinku faktord dvou
prosti‘edf, laboratornfho a venkoyvntho, na vy3i destrukce raSicich pupend po imitaci
jarnfch mrazi v kontrolovaném prosti‘edf mrazicfch komor.
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MATERIAL A METODY

Rasdici pupeny révy vinné jsme pro stanovenf rozdild v citlivosti vii¢i jarnim
mraziim pfipravili ndsledujicim zpisobem: V poloving bi'ezna 1992 jsme odi‘ezali
z kefi révy vinné odrid Ryzlink rynsky, Miiller-Thurgau a Sylvanské zelené jedno-
leté vyhony primé&mé sily, které jsme rozi‘ezali na jednopupenové fizky a nechali
v laboratofi vyrasit. V roce 1993 jsme stejnym zpiisobem a ve stejné dobé& piipravili
rasfcf pupeny odriidy Ryzlink rynsky.

Z vétsich soubori rasicich pupeni jsme 3. dubna 1992 z kazdé odriidy vybrali
2 x 60 pupenti ve stejném stadiu, a to t&sné pred rozvinutim prvniho listku, které
jsme rozdélili do Etyt stejné velkych opakovén{. Prvnich 60 fizki s ra$icimi pupeny
jsme naddle ponechali v 1aboratofi s teplotou 20 - 23 °C, druhych 60 raSicich pupeni
jsme pét za sebou nésledujicich dnf pfené3eli na 4 - 6 hodin denné do venkovniho
prostiedi. Potom jsme ob& varianty raSicich pupenii vloZili do tmavé mrazic{
komory vytemperované na teplotu -4 °C £ 0,3 °C na dobu ¢tyi hodin. Po uplynut{
tohoto asu jsme ob& varianty pienesli do laboratoie a po 10 dnech jsme stanovili
procento mrazem zni¢enych raSfcich pupend.

V nésledujicim roce jsme stejnym zplisobem stanovili citlivost raSicich pupent
vii¢i jarnim mrazim u odriidy Ryzlink rynsky, které byly pred expozici v mrazu
-4 °C+ 0,3 °C (4 hodiny) umfstény 4, 8 a 11 dnf po dobu 6 - 8 hodin denné ve
venkovnim prostiedi. Pro vechny varianty byly opét vybrany takové pupeny, které
mély v den vybéru (8. 4. 1993), den pi‘ed expozici ve venkovnim prostied{, pupeny
ve stadiu t&€sné& pied rozvinutim prvniho lfstku. Po 11 dnech expozice v labora-
tornfm i venkovnim prostiedi mély rasfci pupeny obou variant rozvinuté 2 - 3 Iistky.
V kaZdé variant€ bylo 60 vyraSenych pupeni rozdélenych po 15 pupenech do ¢ty
opakovan{. Zivotnost radfcich pupeni po mrazovém stresu jsme vyhodnotili vzdy
za 10 - 12 dnf ode dne, kdy byly vystaveny mrazovému stresu.

V zimé€ 1992 jsme v kontrolovaném prostiedi urcili také Zivotnost pupeni
vyraSenych na jednopupenovych ffzcich ve skleniku, které jsme dva dny pi‘ed
expozicf v mrazu -4 °C + 0,3 °C uméle infikovali baktériemi P. syringae (¢ = 107
¢ FV/ml) a Zivotnost pupend, které jsme den po infekci baktériemi P. syringae
stejné koncentrace oSetiili jeSt€¢ 1% roztokem pifpravku Frostgard a aZ potom
vystavili pisoben{ mrazu 4 °C v mrazic{ komoie na dobu &tyf hodin. Pupeny
kontroln{ varianty byly bez umé&lé infekce baktériemi a bez o3etfen{ pifpravkem
Frostgard. Pokus jsme opakovali ve tfech termfnech, a to 3., 4. a 5. bfezna 1992
(termfn mrazového stresu). KaZzd4 varianta zahmovala 45 pupend.

Jednopupenové fizky byly vZdy, i v dob& mrazového stresu, ponoi‘ené baz4lnim
koncem ve vodé€ v krabi¢kdch z umé&lé hmoty. Pupeny byly nad hladinou vody
udrZovéany nad krabi¢kou napnutou polyetylénovou f6lif.

Priimé&ma dennf maxim4ln{ teplota byla v Karl3tejn€ v roce 1992 v dobé& péti dni
pred mrazovym stresem (expozice pupendi ve venkovnim prostiedf) 11,8 °C,
v dubnu 1993 v prvnich ¢tyfech dnech ped mrazovym stresem 16,3 °C, v 8 dnech
18,8 °Ca 11 dnech 21,1 °C. V laboratofi v roce 1992 kolfsala teplota od 20 do 23 °C,
v roce 1993 od 22 do 26 °C.
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VYSLEDKY A DISKUSE

Vysledky uvedené na obr. 1 naznacuji, Ze mrazem -4 °C byly v regulovaném
prostiedi mrazicich komor vice poSkozeny radici pupeny, které byly bezprostedné
pred mrazovym stresem udrZovéany alespori ¢4st dne ve venkovnim prosti‘edi, nez
radici pupeny umisténé v laboratofi. VE&t3i rozdfly jsou u odrid Sylvénské zelené
a Ryzlink rynsky, u odriidy Miiller-Thurgau nebyl v podilu zni¢enych pupenti obou
skupin Zadny rozdil. Je moZné piedpoklddat, Ze pii¢inou vy38tho poSkozeni rasicich
pupend, které byly pét po sob& ndsledujicich dnd pfed mrazovym stresem na 4 az
6 hodin denné pienesené z laboratoie do venkovniho prostfedf, byl vy33{ obsah
nuklea¢né aktivnich epifytnich baktérif na povrchu os a lfstkd. Vyplyva to z pifzni-
v&jsich teplotnich podminek pro aktivitu baktérif vytvaiejicich nukleatnf jddra pro
tvorbu ledovych krystald pfi niZ¥ich teplotdch venkovniho prostied{
(Anderson aj., 1987). Ve venkovnim prostiedi byla v dob& péti dnl pred
mrazovym stresem primeérnd denni maximadlni teplota 11,8 °C (od 6,3 do 14,3 °C),
zatim co primé&mad denn{ teplota v laboratofi byla o 10 °C vy33i.

Stejné vysledky jsme ziskali i v roce 1993, kdy jsme sledovali citlivost rasicich
pupenil k mrazu pouze u odriidy Ryzlink rynsky po tfech expozicich venkovnim
podminkdm, ato 4, 8 a 11 dnf 6 - 8 hodin denné&. Mrazovym stresem bylo zni¢enych
nejvice vyraSenych pupend, resp. mladych os s rozv{jejicimi se Ifstky v té skuping,
kterd byla denn¢ prendSena do venkovniho prostiedi (obr. 2). nejmensi rozdil mezi
citlivost{ vyradenych pupend k mrazu umfsténych pred stresem v laboratornim
i venkovnim prostfed{ jsme zjistili ve variantdch se Ctyidenni expozicf, tj. po
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1. Primé&mé procento v mrazici komofe teplotou -4 °C zni¢enych vyraSenych pupent tif odriid révy
vinné vystavenych pfed pisobenfm mrazu 5 dni po dobu 4 - 6 hodin denné venkovnim podmink4m
(B) a umfsténych jen v laboratofi (A). Mrazovy stres 3. dubna 1993 — Mean percentage of damaged
burst buds of 3 grapevine cultivars after frost -4 °C in artificial conditions exposed before frost for
5 days during 4 - 6 hours to daily outdoor conditions (B) and laboratory conditions (A). Frost stress
on April 3, 1993

1 = Ryzlink rynsky — Riesling Rhine, 3 = Sylvénské zelené — Griiner Silvaner,
2 = Miiller-Thurgau, »
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2. Primémé procento v mrazici komofte ‘teplotou -4 °C zni¢enych vyrafenych pupent odriidy
Ryzink rynsky umfsténych pied pisobenfm mrazu po dobu4, 8 a 11 dnf na 6 - 8 hodin denné ve
venkovnich podminkdch (B) a umfst€ngch jen v laboratofi (A). Termin za&4tku expozice ve
venkovnim prostfedi 8. dubna 1993 — Mean percentage of damaged burst buds after frost -4 °C in
freezing box in Riesling Rhine cultivar exposed 6 - 8 hours daily during 4, 8 and 11 days to outdoor
conditions (B) and laboratory conditions (A). Time of exposure beginning to outdoor conditions -
on April 8, 1993

* = gox

Idays

nejkrat3f sledované dobé. Po osmi dnech expozice venkovnimu prostied{ byl celko-
vy podil mrazem zni¢enych vyraSenych pupend vy33i u obou skupin, ale po
11 dnech jen u pupend prendsenych pies den do venkovniho prostiedf.

Jsme si védomi toho, Ze pfi uvedeném uspoifdddnf pokusu byl celkovy podil
mrazem zni¢enych pupend ovlivnén nejen trvdnfm expozice ve venkovnich
podminkéch, ale také zmé&nou citlivosti vii¢i mrazu vyvolanou postupnym riistem
vyra$eného pupenu Johnson aj.,, 1981; Andrews, 1983; Vachin,
1990; Hubdc&kovd, 1993), zvySovdnim teploty v laboratofi i ve venkovnim
prostiedf a v té souvislosti pravdépodobné i s poklesem aktivity epifytnich baktérif
tvoifcich nukleacnf jadra pro tvorbu ledovych krystali (Anderson aj., 1987).

V zimé& 1992 jsme také porovnali vySi poSkozeni mrazem -4 °C, resp. podil
znifenych pupendl vyraSenych na jednopupenovych ffzcich uméle infikovanych
suspenzi baktérii P. syringae, bez umé&lé infekce (kontrola) a pupeni infikovanych
baktériemi a kromé& toho jeSt¢ oSetfenymi 1% pifpravkem Frostgard (pffpravek
registrovany na ochranu p¥ed jarnfmi mrazy). Hodnoty sx v obr. 3 naznatujf, Ze
o mdlo vy33f podil vyra3enych pupenil ve variant& o3etfené suspenz{ baktérif v po-
rovnén{ se dvéma dal$fmi variantami nenf statisticky pritkkazny. Z té€chto udaji je
moZné vyvodit, Ze expozice pupeni ve venkovnim prosti‘edf by pravdépodobné pro
ucely detekce citlivosti révy vinné k jarnfm mraziim v laboratornim prostied{ ne-
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3. Primémé procento v mrazicf komofe teplotou -4 °C znifenych vyraSenych pupend odriidy
Ryzlink rynsky pfed mrazovym stresem oSetfenych suspenzi baktérii P. syringae a suspenz
baktérif a postiikem piipravkem Frostgard (1%) — Mean percentage of damaged burst buds after
frost -4 °C in Riesling Rhine cultivar before frost stress inoculated by P. syringae and beside
inoculation by Pseudomonas syringae sprayed by Frostgard (1%)

1 = Kontrola - bez ofetfen{ suspenzi P. syringae — Control - without inoculation by P syringae
2 = Vyrasené pupeny pied mrazovym stresem osetiené suspenzf /. syringae (c = 107 ¢ FV/ml) -
Burst buds before frost stress inoculated by P. syringae (c = 107 ¢ FV/ml)

3 = Vyrafené pupeny pfed mrazovym stresem oSetiené suspenzi P. syringae (c = 107 ¢ FVIml)
a 1% piipravkem Frostgard — Burst buds before frost stress inoculated by P. syringae (c = 107 ¢
FV/ml) amd sprayed by Frostgard (1%)

* = ox

mohla byt v dostatené mfe nahrazena umélou infekcf baktériemi P. syringae,
alespori za podminek popsanych v této préci.
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Doslo 23. 8. 1993

HUBACKOVA, M. (Research Station of Viticulture, Karl3tejn): Sensitivity of grape-
vine burst buds to spring frost imitation in dependence on exposure to environ-
ment. Zahradnictvi, 20, 1993 (4): 217-222.

The sensitivity of burst buds in laboratory on one-bud cuttings was determined in:
1. Riesling Rhine, Miiller-Thurgau and Griiner Silvaner cultivars after exposure to frost
-4 °C+ 0,3 °C (4 hours) in programmable freezing chamber. The burst buds at the same
developmental stage were before frost -4 °C exposed for 5 days during 4 - 6 hours daily
to outdoor and a whole day to laboratory conditions; 2. Riesling Rhine cultivar after
frost -4 °C £ 0,3 °C in freezing chamber. The burst buds at the same developmental stage
were before frost -4 °C exposed for 4, 8 and 11 days during 6 - 8 hours daily outdoor
and whole day to laboratory conditions; 3. Riesling Rhine cultivar which was before
frost stress -4 °C + 0,3 °C (4 hours) inoculated with P. syringae (¢ = 107 ¢ FV/ml) and
beside inoculation P. syringae sprayed by 1% Frostgard preparation. Results in Figs. 1
and 2 suggest that the burst buds removed daily under outdoor conditions are more
sensitive to frost -4 °C in comparison with those kept in the laboratory all the time. We
presupposed that it owing to the great number of ice nucleation bacteria in burst buds
kept under outdoor conditions. But on the other side, in the glasshouse burst buds and
before frost -4 °C infected by suspension of Pseudomonas syringae bacteria did not
prove significantly higher sensitivity to frost 4 °C than in burst buds of the same
developmental stage without infection by suspension of P. syringae (Fig. 3).

grapevine; burst buds outdoor and laboratory medium; Pseudomonas syringae; imita-
tion of spring frosts; damages
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THE USE OF SOME URBAN PARK WOODY SPECIES
IN AN ESTIMATION OF AIR POLLUTION LEVEL.
TOTAL LEAF PEROXIDASE AND CATALASE ACTIVITIES

I. Suchara

SUCHARA 1. (Research Institute of Ornamental Horticulture, Prihonice): The use
of some urban park woody species in an estimation of air pollution level. Total

leaf peroxidase and catalase activities. Zahradnictvi, 20, 1993 (4): 223-239.

Peroxidase and catalase activities in pine (Pinus strobus) and yew (Taxus baccata)
one and two-year old needles were measured at 12 localities within Prague for 3 years.
Average length of annual branch shoots of trees and shrubs under investigation was
measured. Enzyme activities were found to be frequently the highest at intraurban
localities while activities in outskirts were permanently lower. The enzymes in
two-year old needles were significantly more active than in a year old needles.
Peroxidase activities were higher in pine needles and in winter seasons than in yew
needles and in summer seasons. Catalase was significantly less active in pine than in
yew needles while seasonal differences were not substantial. Significant differences
in peroxidase activities between couples of given localities were found for 19 pairs
and in catalase for 8 couples. Good correlation between enzyme activities and air SO
concentrations were calculated for autumn and spring seasons. In winter and summer
seasons the correlation was weak or even negative. This phenomenon may be
explained by not fully synchronized natural course of enzyme activities during a year
and seasonal SO; concentration course. Starch electrophoresis did not show any
substantial differences in the number and activity of peroxidase isoenzymes in
needles of investigated plants. Momentary leaf enzyme activities were found to be
rather an indicator of suitability of the locality environment for given woody species

than an indicator of SO pollution load at the locality.

pollution; peroxidase; catalase; pine; yew; urban environment

Since the 1970s it has been suggested that activities of some leaf enzymes might
be particularly useful as indicators of air pollution. From many enzymes the

peroxidases and the catalase have been most investigated often.

The enzyme peroxidase (E.C. 1.11.1.7) consists of several (2 - 13) various forms
(isoenzymes) which were found to be present in all parts of plant bodies (Stic h
et Ebermann, 1988). The enzyme may play diverse roles in plants and not all
of its functions have been fully revealed. Peroxidase isoenzymes can decompose
peroxide, take part in lignine formation in the form of polyphenol oxidase, and can
oxidize IAA (G aspar et al., 1982).Catalyzing oxidative reactions,various sub-
strates such as phenolic compounds or aromatic amines as hydrogen donors are used

by the isoenzymes (Danger et Reddy, 1984).
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Accelerated activity of total leaf peroxidase was observed under the influence of
diverse pollutants such as fluorides (Keller e¢ Schwager, 1971), ozone
(Pattonet Garraway,1986),sulphurdioxide(Katainen etal., 1984,
Horsman et Wellburn, 1975), exhaust gases (Fliickiger et al,
1978), acid rain (M anes et al.,, 1987), nitrogen oxides (Horsman et
Wellburn, 1977), hydrogen-chloride (Endres s etal., 1980) etc. in both in
single or in combinations. The mechanism of rising peroxidase activity under
pollutant effects is not exactly known. The increased enzyme activity is most often
explained, e.g. as an action of appeared air-borne gaseous H»O, or hydrogen
peroxide formed in plant tissues as a consequence of oxidizing pollutant actions
(Slanina et al., 1985). Peroxidase isoenzymes are supposed to be activated
during natural tissue senescence and during processes of recovering the plant parts
injured either by pollutants or by herbivorous pests. It is also not evident if the
accelerated enzyme activity is the result of the releasing of further inactive enzyme
forms ,hidden in cell structures till they are disrupted or if pollutants induce
increased synthesis of the isoenzymes de novo. Whatever it may be, the accelerated
activity of peroxidases is considered to be a timely marker of the action of pollutants
even at a time when any visible injury of plants cannot be observed (Keller,
1974).

Increased leaf peroxidase activities under the influence of urban habitats was
reported as well, e. g. in Ziirich M artin et Keller, 1974), Darmstadt
(Hollwarth et Rump, 1979) and others.The effects of different levels of
urbanization in the city of Oulu were indicated by peroxidase activity in fine roots
of ScotsPine(Markkola etal., 1990).

In this country peroxidase activity has been used only rarely for the monitoring
of air pollutionlevels(Penka et Cermdkovd,1985 Polek et Frig,
1981).

The enzyme catalase (E.C. 1.11.1.6) is an oxidizing and reducing agent catalyz-
ing the decomposition of HoO, which is simultaneously both a donor of hydrogen
and an acceptor of electrons. The enzyme is presumed to have appeared only in one
isoenzyme (tetramer quarternaly structure) located in a subcellular microbody
(peroxisomes). The catalase behaves in many ways similar to the previous enzyme
(De Filipe etal., 1988; Braber, 1980) but upon the action of pollutants
it reacts much less distinctly. That is why it is scarcely used for the same purposes
as is the peroxidase (Ddssler et Ranft,1967; Sarkar etal., 1986).

MATERIAL AND METHODS

Leaf enzyme activities were measured in woody species growing within the city
of Prague at places of different assumed air pollution levels from 1986 until the
beginning of 1989. Two species were investigated: white pine (Pinus strobus) and
common yew (Taxus baccata). The former is believed to be very sensitive to all
main air pollutants while the latter is rated to be resistant to the loads of urban habitat
(Hollwarth,1988, Sucoff et Bailey, 1971).
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Within the city, 10 localities of pine trees and 12 of yew shrubs were chosen.
Tab. I specifies the localities, the occurrence of woody species and lists the nearest
station to the each chosen locality where SO, pollution was measured. The spread-
ing of the localities and the annual pattern of average yearly SO, concentrations in
Prague can be seen in Fig. 1. Localities 1 to 5 were laid out in the urban margin, the
locality 6 was placed on a hill in the city centre, the localities 7 to 10 are intraurban
parks, and the localities 11 and 12 represent an area where there the environment of
urban street dominates.

Pollution levels during a period of five years (1985 - 1989) show that, in the
Prague' s outskn-ts the average of average dail ly concentrations of sulphur dioxide
was 40 ug/m and of flying dust was 60 pg/m”. In the cemral parts of the city the
averages were 110 ug SOZ/m and 120 pg of flying dust/m>. The monthly average
of SO, concentrations counted from daily averages (ug SOyjm ) and measured in
the monitoring points are shown in Fig. 2. The SO levels indicate the total pollution
loads at chosen localities.

End parts of twigs of chosen species were taken at individual localities quarterly.
Specimens were collected from eastern sides of trees and shrubs at the height of
1.5 - 2.5 m above ground and the samples were taken between 7 - 11 a. m. The

I. Chosen localities within the city of Prague, occurrence of investigated woody species on them,
and the nearest stations measuring SO2 pollution — Seznam a oznacenf vybranych lokalit v Praze
s vyskytem sledovanych dievin a seznam nejbliZsich stanic u vybranych lokalit (1-10), kde se
méfily koncentrace SO2 v ovzdusi

Analysed /
No. | Locality - Prague species No. Tmhe:sr:le:'r;tsgaztlon
Pine | Yew
1 | D4blice - tree nursery + + 1 | Déblice
2 | Hloubétin - gardens + + 2 | Podébradsk4 St.
3 | Prihonice - NW part of the park + + 3 | Modletice (village)
4 | Hvézda - W part of the park + + 4 | AlZirsk4 St.
5 | Kr€ - the wood and surroundings + + 5 | Libus, Kr&
6 | Petiin - E slopes of the hill + + 6 | Vlassk4 st.
7 | Stromovka - central part of the park + + 7 | Svoboda Square
8 | Riegrovy sady - the park + + 8 | Makarenkova St., Italsk4 St.
9 | Havli¢kovy sady - the park + + 9 | Srobdrova St.
10 | Karlovo ndméstf - the park + + | 10 | Karlov
11 | Invalidovna - nearby a street - + - -
12 | JindfiSsk4 - street by a church - + - -
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1. Locality distributions
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average SO2 concentra-
tions (pg/m3) in Prague
during the given years —
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2. Courses of average month SO2 concentrations (p.g/m3) assume that they were measured at
measuring places located in the vicinity of the locality 1-10— Pribéh primémych koncentracf SOz
v ovzdusf (pg/m ) na méficich stanicfch nejbliZ$ich k lokalitdm (1-10), pokud méfeni probihala

samples were stored with ice in vacuum flasks and analyzed the next day. One and
two year old needles were homogenized and extracted in phosphate buffer. Catalase
activity was determined directly in the extract and results were given in milimoles
of decomposed HyO, by enzyme from 1 g of fresh needles for 1 minute(Po¢inok,
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1976). Total peroxidase activity was measured after centrifugation of the extracts
and was given as a transmittance (absorbance) of the reaction mixture: crude
enzyme, p-phenylendiamine, and H;O; for 2 minutes. Raczek et Sto-
larek (1979) described the kept methods in details.The average of duplicate
measuring of each sample was taken in the next count.

The starch electrophoresis was used to recognize the number of peroxidase
isoenzymes and their activities in individual observed trees and shrubs at the
localities. Several screening runs were carried out in Tris-citrate electrode and gel
buffers. Isoenzyme band patterns were developed both by p-phenylendiamine and
amino-ethylcarbasole staining solutions(Wendel et Weeden, 1989).

At the end of each year, the length of the end parts of twigs (spring shoots) were
measured and the mean of 20 measurements for each species was calculated at
individual localities.

The results were computed and analysed using variance and regression analysis.

RESULTS

The course of total peroxidase activity in pine and yew needles can be seen in
Fig. 3. It is recognizable that total peroxidase activity was higher in pine needles
than in yew needles and in two.year old needles than in one year old ones in both
species. Peroxidase was found to be most active at the beginning of every winter
and less active from the end of every spring to the beginning of every summer. Total
peroxidase activity in both one and two year old pine needles was low at localities
1, 6, 10, 5, and 2. On the contrary, the highest activities were measured for one and
two year old pine needles at localities 7, 9, 8 and 7, 4, 9, respectively.

Yew peroxidases in one and two year old needles were least active at localities
1,3,4,11,7and 3, 1, 4, 11, 2, respectively, most active at localities 9, 10, 6 and 8,
5, 9, respectively.

Tab. II shows the results of the variance analysis. They revealed the significantly
higher total peroxidase activity in pine needles than in yew ones, in two year old
needles of both species against one-year old needles, in the winter as opposed to
summer seasons, and in 1987 and 1988 compared to 1986. Nineteen combinations
of localities which significantly differed in total peroxidase activities are listed in
the table. Ecluding localities 3,11, and 12 from the evaluation, they are discussed
herein.

The linear model of regression analysis was applied to variables of peroxidase
activities and to the average of SO, concentrations from a previous month period
before peroxidase determination, provided that SO, pollution was recognized in that
time. During the spring and autumn seasons, the dependence of total peroxidase
activity was found to be tighter than during any other season (Tab. III).

The course of needle catalase activities in pines and yews is shown in Fig. 4.
Catalase was the most active at the beginning of the winter until the end of spring,
and it was the least active during the summer. Catalase activities were higher in yew
needles than in pine ones and sometimes in younger needles than in older needles

ZAHRADNICTVI, 20, 1993, &. 4 227



PINUS - PRX. TAXUS - PRX.

Y year 1 yoor
& E
w m g e 4 (¥ ]
£ SR
i by S N
.4 ..
L[] L[]
7
"
[
\ 1

wab ner
TV M vk 8 VW T Ve imnvw i s vVeT

PINUS - PRX. TAXUS - PRX.
2 year 2 yoar
. £
¥ 2! a
. = |
e NS 1
[} 4 . - -
a
o
af—
[/
2 2 j
o L]
q
| I .
b nel Lo
L] - TVEB e yWE 8 WWX

Ty M m R vves avv x|

3. Courses of total peroxidase activities in pines and yews for one and two year old needles at
localities 1-12 from 1986-1989 — Priib&hy celkové aktivity peroxiddzy v jedno- a dvouletych
jehlicich borovice a tisu na lokalitdch 1-12 za roky 1986 - 1989

as opposed to the peroxidase activities.The least active pine catalase in one and
two-year old needles was found to be at localities 6, 1, S, 7, 4 and 6, 7, 8, 1, 4,
respectively. The most accelerated activities were measured at localities 2, 10, 9 and
9, 10, 2, respectively. Needle yew catalase was the least active at localities 11, 2, 6,
7,4and 11,2,7, 6,3 in one and two year old needles, respectively. The most active
catalase in one-year old needles was at localities 12, 10, 8 and in two year old
needles at localities 12, 10, 8.

The results of variance analysis (Tab. IV) show that the catalase was significantly
more active in yew needles than in pine ones, in two year old needles than in
younger needles, in 1988 than in any other year. Significant differences in catalase
activities between locality combinations were revealed for eight given couples.
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II. Results of analysis of variance for total peroxidase activities in needles influenced by given
factors — Vysledky analyzy rozptylu pro hodnoty celkové aktivity peroxidézy v jehlicich sledova-
nych dievin pod vlivem uvedenych faktord (x - hladina v¢znamnosti nejméné 95%)

ot " H) Homogeneous .Slgniﬁmm
groups differences (x)
. yew 108 0.341 a . -
Species yew - pine
pine 108 0.505 b
Years 1987 72 0.516
1986 - 1988
1988 72 0.475
Age of l-year 108 0.386 a l-year
neddles 2-year 108 0.461 b 2-year
summer 108 0.347 a summer -
Seasons
winter 108 0.500 b - winter
1 24 0.194 a 10-8 9-5 1-2
10 24 0.277 ab 10-9 9-1 1-4
6 24 0.313 abc 10-4 9-2 1-7
5 24 0.369 bc 10-7 9-6
Localiti
ocatities 2 2 0.408 becd 85 5.1
4 24 0.458 cde 81 5-7
8 24 0.533 de f 8-7 4-7
9 24 0.600 e f 8-6 2-7
7 24 0.659 f

Catalase activities were not signigicantly different in the summer and winter
seasons.

Tab. V demonstrates the results of regression analysis for observed catalase
activities and the average SO, concentrations from a previous month. The catalase
activity was most dependent on SO, pollution levels in the spring and autumn
seasons, and during other seasons was an opposite dependence (negative correlation
coefficients).

Electrophoresis did not show any differences in the number of isoenzyme bands,
and isoenzyme activities in individual trees and shrubs under investigation. The
typical pattern of recognized bands for pine and yew peroxidases is given in Fig. 5.

There are average lengths of spring shoots for individual species and localities
in Fig. 6. Obviously, longer shoots developed in 1987 due to favourably moist
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I11. Results of regression analysis, dependence of total needle peroxidase activities on air SOz concentrations during seasons, and correlation

coefficients (r) — Vysledky regresni analyzy zivislosti celkové aktivity peroxiddzy v jehlicich na primé&mé koncentraci SO2 méfené na
nejbliZs{ stanici mésfc pfed stanovenfm aktivity enzymu a hodnoty korelaénfch koeficientd (r)

Regression analysis, linear model y = a + bx y - peroxidase activity x - SO, concentration

. |needie spring summer autumn winter years
Species ol
8 a b r a b r a b r a b r a b r
i 1 |0.078]793.10%|0.82 [-0.027| 0.016 |0.70|0.138 [ 595.10° | 0.64 | 0.568 |-4.20.10-0.08 | 0337 | 2.12.10| 0.33
mne
2 |0.380]361.10% | 0.46 | 0.658|-3.86.103|-0.12 | 0256 | 4.64.10% | 0.42 | 0.582 |-1.29.10%-0.19 | 0.515 |-1.62.107*|-0.02
= 1 |0.164]|3.11.10%|0.57 | 0.064| 3.00.10° 0.510.187 | 1.11.102 | 0.26 | 0.360 |-2.03.10°%] 0.00 | 0211 | 1.24.107| 0.38
ew .
2 |0.199 332107 0.55 | 0.317| 2.37.10%-0.13| 0.190 | 196.10% | 0.31 | 0.304 | 3.08.107% 0.11 | 0288 | 7.24.10%| 0.19

.
V. Results of regression analysis, dependence of catalase activities on air SO2 concentrations during seasons, and correlation coefficients (r) -
Vysledky regresnf analyzy zdvislosti aktivity kataldzy v jehlicfch na primémé koncentraci SOz a hodnoty korelaénich koeficientd (r)

Regression analysis, linear model y = a + bx y - catalase activity x - SO, concentration

needle spring summer autumn winters years
Species o
¥ a b r a b r a b r a b r a b r
- 1 504 (192 | 044 | 174 032 ( 0.13 | 1224 | 049 | 0.24 | 127.2| -0.22 | -0.19 | 101.1 | 0.26 | 0.13
ine
2 |[460.1 022 | 0.59 | 2585 |-0.58 | -0.05 | 387.9 | 0.03 | 0.01 |359.9 | -0.85 | -0.43 | 357.5 | -0.48 | -0.20
% 1 1083 | 2.17 | 0.36 | 345.0 | -2.08 | -0.13 | 396.6 [ 0.52 | 0.15 | 457.8 | -1.24 | -0.53 | 355.1 | -0.39 | -0.12
ew
2 |481.2| 0.12 | 0.68 | 424.6 |-3.30 | -0.23 | 391.5| 0.53 | 0.16 |412.7 | -1.20 | -0.52 | 423.9 | -0.91 | -0.34




IV. Results of analysis of variance for catalase activities in needles influenced by given factors —
Vysledky analyzy rozptylu pro hodnoty aktivity kalatdzy v jehlicich sledovanych dievin pod
vlivem uvedenych faktorl (x - hladina v§znamnosti nejméné 95%)

Factors n LS - means Hong'norg:;:ous di?;f:l ii:n(tx)
— pine 108 168.8 a e
yew 108 314.6 b
1986 72 2224 a 1986 - 1988 ,
Years 1987 72 208.7 a 1987 - 1988
1988 72 291.9 b
Age of 1-year 108 188.8 a 1-year
necdles 2-year 108 294.6 b 2-year
P summer 108 247.7 a
winter 108 235.6 a
2 24 150.8 a 10-2
6 24 209.8 ab 10-6
7 24 226.2 bc 9-2
» 1 24 244.5 bc 8-2
Logaliics 5 24 258.0 bec 5-2
9 24 - 260.8 bc 2-4
4 24 262.5 bc 2-7
8 24 268.0 bc 1-2
10 24 294.7 c

conditions during the vegetation period. The length growth was not essentially
influenced by SO,. The yews under proper care often showed longer shoots and
lower enzyme activities than untreated shrubs.

DISCUSSION

Higher peroxidase activities in older needles and higher or less catalase activities
in them were found according to the latest authors' findings (e.g. Birecka et
al, 1979; Patra etal, 1978).

Increased SO; pollution in Prague was measured during 1987 but investigated
enzyme activities did not seem to be influenced by the increased yearly average SO,
concentration. Total peroxidases were most active in 1986 (average level of long-
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4. Courses of catalase activities in pines and yews at localities 1-12 for both one and two year old
needles from 1986-1989 — Pribéh aktivity kataldzy v jedno- a dvouletych jehlicfch borovice a tisu
na lokalitdch 1-12 za uvedené obdobf

term SO, pollution), and catalase was even at its lowest yearly average SO, level in
1988.

Besides the papers describing the increase of peroxidase activities proportionally
to SO, concentration and to the exposition time of plants (Varshney et
Varshney 1985 Bender etal., 1990 etc.), there were published findings
that peroxidase activity, at least in Scots pine needles, reacted only to higher SO,
concentrations (Katainen etal,, 1984; Jokinen etal., 1983). That is why
the indication of air pollution via the enzyme activity was recommended to run in
winter seasons. Niemtur (1979) stated that peroxidase activities decreased
under the specific conditions of individual pollution. The regresion analysis be-
tween the enzyme activities and SO, concentrations, though they were not fully
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5. Typical pattem of pine (P1) and
yew (Y1) needle peroxidase isozymes L e e e e e ‘T'
and the main observed irregularities
(P2,Y2).Visible colour richness of
bands decreased from the black to the

oblique and vertical hatching marks, 4 P2 AL Y2
ill-defined bands dotted. At the
bottom schematic densitometrical re-

cords of the bands above — Typické
rozdéleni isoenzymd peroxiddzy

z jehlic borovice (P1) a tisu (Y1) a
hlavni pozorované odchylky (P2, Y2).
Viditelnd intenzita zbarven{ pdsem

kles4 od ¢erného zbarvenf pfes Sikmé

a svislé Srafovédnf, oblast nerozlise-

nych pidsem je teCkovand. Vysledek [}
denzitometrického proméfeni uvede-

nych pasem je schematicky znizomén

dole

representative of individual our localities, showed weak relationships between the
variables in winter.

It is generally known that the activity of the leaf enzyme has a natural yearly
course Kelleret Schwager,1971; Raczek et Stolarek, 1979;
Jokinen etal., 1983).

In Fig. 7, one can see the idealized periodical course of SO air concentrations in
the polluted city centre, in the suburb (background pollution levels), and the
corresponding enzyme activities provided that SO, is the main ecological factor at
the localities. The enzyme activities under the background pollution levels are close
to the natural course of enzyme activities of given species. The natural enzyme
activities must be controlled mainly by the climatological factors of individual
seasons. We can say that only a part of -air pollution and background enzyme
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6. Average lengths and their confidence intervals of pine and yew top twig shoots at localities 1-12
from 1986-1988 — Priiméry délek koncovych letorosti na vétévkdch borovic a tisi z lokalit 1-12
v letech 1986 - 1988 a intervaly spolehlivosti primérd

activity cycles are synchronized. During that time, the enzyme activities were
positively correlated to the air pollution levels. In times of conflicting courses of the
variables, a weak or negative correlation was found.

The current enzyme activity ¢an be influenced also by other major environmental
factors such as e.g. unfavourable soil properties, extreme climatic factors, damage
caused by herbivorous pests, fungus or virus infections etc. (Petit, 1986;
Grill etal,1980; Feiler et Tescher,1991). Thatisthe reason why data
from some localities were excluded from the statistical analysis (locality 3 -
untimely falled older pine needles, 11 - shrubs were fertilized and irrigated at the
locality, 12 - the shrubs suffered heavily from the yew aphids Eulecanium corni-
crudum Green at the locality).

If enzyme activities are influenced by any harmful environmental loads and
when reliable data about the real concentrations of pollutants are not for disposal,
than the measured enzyme activities must be interpreted as an indicator of the
quality of urbanized habitats as a whole.According to the results above, the urban
environment is more unfavourable in the city centre than in urban margin for both
investigated woody species.
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7. Idealised yearly courses of SO2 concentrations in polluted (P) and background (B) atmosphere,
leaf enzyme activities influenced by SOz (full curves), and background (natural) leaf enzyme
activities (dotted curves) in needles originated in given years. Parts of each year when the
concentration of SO2 and enzyme natural activity cycles were synchronized are marked in black at
the bottom — Idealizované schéma priib&hu koncentracf SO2 ve znefistované atmosféfe (P) a pii
pozad'ovém znedisténi (B), priibéh aktivit listov§ch enzymi pod vlivem SO2 (plné &ra) a pozado-
vé (pfirozené) aktivity enzymi (tekované) jehlic za sledované ¢asové obdobf a uvedeny roénik.
Dole je &emé vyznadena ta &4st roku, kdy se shodoval priib&h znecisteni SO2 a pfirozeny priib&h
enzymatické aktivity
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CONCLUSIONS

Activities of the leaf enzymes were found to be higher in two-year old needles
than in one year old needles of the species.

Total peroxidase activity was significantly higher in pine needles than in yew
needles, while activity of catalase was opposite to peroxidase activity.

The correlation between the enzyme activities and monthly average SO, concen-
trations differed in every season. It is because of the various degree of asynchroni-
zation between both the natural enzyme activity and the air pollution course in the
seasons.

The significant difference in peroxidase activities among individual localities
was more frequent than in catalase activities while at the same localities.

The activity of the enzymes in needles of investigated species ran usually faster
in the city centre than in the city' s outskirts. But increased enzyme activities should
not be interpreted as being only influenced by air pollution but also by other major
environmental factors of the locality.

Electrophoresis did not show any differences in isoenzyme patterns and activi-
ties in investigated species from the individual localities. Neither the spring shoot
lengths of the woody species correlated with SO, average concentrations and the
enzyme activities.
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SUCHARA, 1. (Vyzkumny tstav okrasného zahradnictvi, Prihonice): VyuZiti nék-
terych druhii di‘evin méstskych parkii k odhadu virovné znecisténi ovzdusi. Celkovad
aktivita listovych peroxiddz a kataldzy. Zahradnictvi, 20, 1993 (4): 223-239.

Tii roky (1986 - 1988) byla sledovana aktivita peroxidaz a kataldzy v jehlicich
borovice vejmutovky (Pinus strobus) na 10 lokalitach a tisu obecného (Taxus bacca-
ta) na 12 lokalitich v Praze (tab. I). Prvni druh je povaZovan za citlivy ke viem
zneliStujicim 14tkim v ovzdusi, druhy za odolny a vhodny pro mé&stské prostiedi.
Zvolené lokality se liSily jak v prim&émych ro¢nich, tak i mési¢nich koncentracich SO,
které byly prebirdny z méficich stanic nejbliZSich danym lokalitim (obr. 1 a 2).

Prib¢h celkové aktivity peroxidazy (obr. 3) a kataldzy (obr. 4) vykazoval ro¢ni chod
a aktivita obou enzymi byla ¢asto vys3i na lokalitich v centru mésta neZ v okrajovych
¢astech Prahy. Analyzy variance ukazaly, Ze ve sledovanych letech aktivita enzymi
byla priikazné vy38i ve dvouletych jehlicich obou druhi dievin neZ u jednoletych jehlic,
celkova aktivita peroxiddzy byla vy3Si u borovice neZ u tisu, zatimco u kataldzy tomu
bylo naopak. Aktivity peroxidaz byly v zimnich obdobich priikkazné vy3$i neZ v 1ét&, ale
rozdily mezi zimni a letni aktivitou kataldzy nebyly priikazné a celkova aktivita pero-
xid4z byla vy3$i v letech 1987 a 1988, kataldzy v roce 1988 proti ostatnim rokdm.
Pritkazné rozdily v aktivit€ peroxidaz byly zjist€ny pro 19 a kataldzy pro 8 kombinaci
dvojic sledovanych lokalit (tab. IT a IV). Tri lokality, kde byly zjist€ny rusivé vlivy
potencidln€ ovliviiujici vysledek méfeni, byly z hodnoceni vyloudeny.
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Linedmi model regresni analyzy aplikovany na enzymatickou aktivitu a primémé
koncentrace SO, zjisténé mesic pred stanovenim aktivity enzymi ukazal (tab. Il a V),
Ze na podzim a na jafe existoval tésné&j§i vztah mezi korelovanymi proménnymi,
zatimco ve zbylych obdobich roku byla zavislost aktivity enzymid na koncentraci SO,
slabd aZ negativni. To je vysvétlovano nesynchronnim priibéhem cyklu zne&idfovani
ovzdusi (SO2) a eyklu pi‘irozené aktivity enzymi béhem roku. Chod znecidténi ovzdusf
ichod akthty enzymﬁ i kdyZ &aste¢né modifikovany vlivy prostfedi, maji stejny trend
pravé jen v jamim a podzimnim obdobi (obr. 7).

Vysledky Skrobové elektroforézy neukéazaly podstatné rozdily v potu isoenzymi
listovych peroxiddz a v jejich aktivit€ u jednotlivych stromi a keiid na lokalitich
(obr. 5).

Prim&mé délky letorost u obou devin (obr. 6) byly ovlivnény pfedev§1m vlhkym
priitb€hem roku 1987 a celkovymi poméry na lokalitich, zatimco vliv SO, nebyl
vyznamny. Tisy s dlouhymi pfiristky byly &asto zaléviany a piihnojovany
(predzahradky) a jejich enzymatick4 aktivita byla niZ3i proti neoSetfovanym keitim.

Momentélni aktivita sledovanych enzymi miZe byt ovlivnéna celou fadou faktort,
proto celkova aktivita peroxiddz a kataldzy v jehlicich indikuje spi¥e miru vhodnosti
komplexu stanoviStnich pomé&ni pro sledovany druh dfeviny, neZ trovei zneidténi
ovzdusi na lokalité, pokud zneci$t&€ni neni dominantnim ekologickym faktorem. Pfitom
listové peroxidéazy reaguji na vlivy prostedi citlivéji, neZ je tomu u listové katalazy.

znecisténi; peroxidaza; katalaza; borovice; tis; méstské prostiedi
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THE USE OF SOME URBAN PARK WOODY SPECIES
IN AN ESTIMATION OF AIR POLLUTION LEVEL.
TREE BARK EXTRACT CHARACTERISTICS

I. Suchara

SUCHARA, 1. (Research Institute of Ornamental Horticulture, Prihonice): The use
of some urban park woody species in an estimation of air pollution level. Tree
bark extract characteristics. Zahradnictvi, 20, 1993 (4): 241-260.

Inthe years 1986-1989 specimens of outer bark from oak, pine, and spruce trees were
taken and analysed at 10 Prague localities. Total conductivity, pH, and soluble
sulphate contents were measured in bark extracts quarterdly. Data on SO; pollution
were taken from the nearest measuring points to the given localities. The bark extract
characteristics indicated the most polluted tree bark in the city centre and in spring
seasons while in the outskirts of the town and in autumn seasons bark samples were
less contaminated. Results showed enormous pollution loads in Prague when compa-
red with the published bark analyses from foreign cities. In the same pollution climate
most contaminated were the following spruce bark, less oak bark and the least pine
bark. Total conductivity and sulphate content in bark extracts were the best indicators
of pollution levels. The correlation between assessed SO pollution and bark extract
characteristics were relatively low due to the shortage of real SO; values at given
localities. Relationships among measured bark extract parameters were similar to
those published by other authors. Tree bark can be potentially an universal indicator
of environmental pollution if specific analyses are used to determine the content of
individual pollutants.

pollution; bark; oak; spruce; pine; urban environment

Common passive phytoindication of air pollution has two inherent weak points:
the measureable reactions of plants are usually not sufficiently specific for the
individual air pollutants and the manifested responses of plants may be modified by
many environmental factors operating in the locality, as discussed in the first part
of the article. Moreover, each individual plant responds to the action of air pollution
in a different way due to various individual predispositions to tolerate pollutant
effects. That is why the bioindication methods are standardized as much as possible
(active monitoring by means of plant clones) or other methods less influenced by
biological and environmental factors are looked for. An example of the latter is an
analysis of tree bark extracts.

The outer bark of a tree, more precise term - the rhytidome, (Trocken -
brodt, 1990) is a type of active surface which is permanently exposed to the air
pollution climate. The rhytidome consists of dead cell rests without any cell content.
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Frequent cracks, hallows, cavities, and rough outer surface occurred due to dilata-
tion growth pressures and tissue weathering. Rhytidome can trap various forms of
environmental pollution. Polluted air is retained in the cavities, solid particles are
held in the outer surface slots. Gas pollutants can be absorbed by hygroscopic
cellulose and suberin bark substance. Spongious and porous rhytidome soaks up air
mist, rainfall and stem flow water with dissolved pollutants. Some of the pollutant
substances may be trapped actively via chemical absorption. Acidic anions, e. g.,
can be neutralized by calcium from calcium oxalate incrustation rests or by caught
dust particles. Secondly, pollutants may also react with each other. Most important
is that rhytidome is without any physiological contact with living tree tissues. It
means that the tree metabolites cannot be stored in the rhytidome and trapped
pollutants in rhytidome cannot be utilized by the tree. It is obvious that the
rhytidome can be considered as passive cumulative (bio) indicator. In the following
text instead of the term rhytidome the term bark is used to simplify the expression.

The potential for tree bark to indicate air pollution levels was revealed in
Scandinavia in the 1960s. At the time chemical analyses of deciduous bark were
carried out to find why epiphytic lichens growing on bark became extinct more
quickly than lichens colonizing other sorts of surfaces in polluted areas. Firstly, the
bark analyses were focused on measuring pH, values and bark buffer capacity,
mainly in deciduous tree bark (Skye, 1968; Staxang, 1969, Grodzin -
ska, 1971). Samples all bark tissues outside the bast cylinder were taken. Many
different and unstandardised methods of bark investigation were used.

Hirtel et Grill (1972) found that spruce bark may be a suitable
indicator of SO, pollution levels. They revealed that only thin outer layer of bark
(the rhytidome) is useable for indication. SO, pollution loads were best indicated
through bark extract conductivity and sulphate content.

Kienzl eeHidrtel (1979) were developing the methods of measuring the
presence of sulphates and sulphate conductivity determination and also improved
methods to interprete data measured.

Grill et al. (1981) applied spruce bark -extract coductivity for mapping
average SO, concentrations within a large area in both summer and winter.

Hirtel (1982) collected all knowledge concerning air pollution indication
via tree bark analyses. He recommended that methods of taking, processing and
analysing bark samples should be standardized.

The means of pollutant retention and their behaviour within the bark are not fully
understood, though many field measurements and fumigation experiments were
done(Kreiner et Hirtel, 1986).

Farmer etal. (1990) compared three different methods of pH measuring and
they got uncomparable results by contact pH measuring on oak bark surfaces
and measuring active and exchangeable pH in bark extracts of the same bark
specimens.

Stocker et Gluch (1990) planned to use pine or spruce bark analyses to
monitor environmental pollution all over the territory of the former DDR.
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Tree bark analyses were often used to indicate levels of urban air pollution. More
recently, the were usedin Graz (K osmus etGrill, 1986) and Zagreb (I11 -
jani¢ etal., 1989).

The use of bark analyses to assess environmental pollution levels has been
ignored in this country. The only attempt to utilize bark analyses for those purposes
was recorded in Slovakia (K ocirik et Smidt, 1980).

Because the bark analyses described above have not been used in this country, a
detailed review of published data dealing with tree bark analyses was made from a
project proposal (Suchara et Sucharovi4, 1991).

The aim of this paper is to summarize the first investigations into verification
and modification of published methods of bark analyses. '

MATERIAL AND METHODS

The measurements were carried out in Prague in 1986 - 1989. Ten localities
within the city were chosen where oak and/or spruce and pine trees grew. Tab. I
shows the list of the localities and a kind of trees from which bark specimens were
taken. The locality distributions within the city and their pollution loads are
virtually the same like those set out in the first part of the article (Suchara,
1993 - Figs. 1 and 2). ]

1 -3 mm thin slices of oak, spruce and pine rhytidome were taken quarterly from
trunks of 40-80-year old trees at the level of about 1.3 m above the ground. The

I. List of chosen localities in Prague, their numbers and the kind of bark taken from them — Seznam
vybranych lokalit v Praze, jejich &fselné znadenf a uvedeni druhu borky, kterd byla na nich
odebirdna

Taken kind of barks
oak spruce pine
Diblicky héj - the wood + + +
Between Hloubétin and Kyje (forest ridge) + - +
Hloubétin, BaZantnice (the wood)
Prihonice - park
Hvézda - W part of the park
Kr¢ - Kunraticky les (the wood)
Petfin - E slope of the hill
Stromovka - central part of the park

Z
o

Localities - Prague

Riegrovy sady - the park

O 0 N N AW -

Havli¢kovy sady - the park
Karlovo ndmésti - the park

+ 4+ + + + o+ o+ o+

—
o
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outer bark was collected separately from five trees of given kinds in each locality.
Bark was taken around the whole trunk, but places covered by epiphytic algae along
stem flow paths, polluted by resin or bird ordure and beetle boring bark were not
used. Samples were air-dried, ground and sieved (mesh diameter 2.00 mm) into two
fractions, the fine (less than 2 mm in diameter) and the coarse fraction (over 2 mm).
Because analyses give different results depending on how long the specimens have
been stored, the bark analyses were carried out on second to third week after sample
collections.

The bark fractions were dried at 40 °C, and 4.00 g of each fraction was weighed
into beakers. The fine fraction of the bark was covered by 16.00 ml of cold (20 °C)
boiled and deionized water and stirred, if necessary, to soak the bark powder
properly. Beakers were covered by a polyethylene sheet and left for 48 hours. Then
pH values were measured in the paste by a combined glass electrode calibrated by
buffers of pH 7.00 and 4.00.

80.00 ml of deionized water was added to the rough bark fraction and the beakers
were shaken several times. The samples were covered by a polyethylene sheet and
stored till the next day (24 hours). Then 1.00 ml of the extract was added by pipette
to test tubes, 8.00 ml of deionized water, 1.00 ml of 1M solution of HC1 and 1.00 ml
of 16% solution of BaCl,. The whole mixture was shaken. The level of turbidity
was measured by a spectrometer SPECOL with a turbidimetrical extension at wave
length of 420 nm for 10 minutes after individual compounds had been mixed. Close
to measurements, the samples were shaken. No additives (Tween, starch etc.) were
added to decrease the variance of measured results. The calibration curve was
constructed from measurements of K2SO4solutions of known concentrations. If any
sample extended the linear part of calibration curve the measurement was repeated,
using properly dilluted bark extract.

In the rest bark extract the total conductivity was measured by a conductometer
OK-104 RADELKIS by the Pt electrode. The instrument was always calibrated
with KCl solutions.

The methods described above substantially kept to the recommended standard-
ized processes (Héartel, 1982). Bark was heavily polluted at most of the chosen
localities hence the extraction ratio had to be extended (more diluted) to measure in
the linear part of the calibration curve. Neither conductivity, nor suplhate content
measurements were calibrated on CaSQy4 solutions.

RESULTS

Individual values of measured tree bark extract characteristics can be found in
the research final report (Suchara et Kr 41, 1990). Graphic courses of oak,
spruce, and pine bark average extract parameters in an investigated period demon-
strate Figs. 1, 2, and 3. Acid, dust and sulphate pollution loads were indicated to be
lower in the outskirts (localities 1, 2, 3) than in the city centre (localities 7, 8, 9, 10).
Only at the locality 10 unexpectadly high pH values occurred in oak bark.
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1. Oak bark extract characteristics for localities 1 - 10 in 1986 - 1989 — Charakteristiky extraktd
dubové borky z lokalit 1 - 10 v letech 1986 - 1989

The dependence of bark extract characteristics for the localities 1 - 5 on 4 chosen
factors is demonstrated in Tab. IL. The analysis of variance showed that there was a
significantly higher sulphates content and lover pH values in bark extracts in 1988
than in 1987. In the autumn both the total conductivity and sulphate content were
significantly lower than in winter and spring. Reaction (pH) of bark extracts
significantly differed in the individual seasons. The lowest pH values were in
spring, the highest in autumn. From the tested localities 1 - 5 the most polluted bark
samples were at localities 2 and 3, the least at localities 5 and 4. Individual kinds of
bark gave significantly different values for all bark extract parameters. Pine bark
provided the lowest values of extract characteristics. The highest pH values were
found to be in oak bark extracts. All the other parameters were highest in spruce
bark samples.
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2. Characteristics of spruce bark extracts for localities 1 - 7 and 9 in 1986 - 1989 — Charakteristiky
extraktll smrkové borky z lokalit 1 - 7 a 9 v letech 1986 - 1989

The results of variance analysis for oak bark specimens from all ten localities are
presented in Tab. III. In 1988 significantly higher conductivity, sulphate contents
and lower pH values of bark extracts were found than in 1987. All extract parame-
ters were significantly different in autumn and in winter. Autumn had the lowest
levels of contamination, winter the highest. The number of combination locality
pairs which significantly differed in bark extract characteristics was the most
numerous in the case of the total conductivity, less for pH values and the least
numerous for sulphate content. For more details see Tab. III.

Tab. IV gives the results of tested dependence of average bark extract charac-
teristics on average air contamination by SO,. Average SO, concentrations were
taken from the nearest stations to the chosen localities and the average is related to
a period of one month before the bark specimens were collected for analyses. The
relationship between measured bark extract characteristics and assessed SO, aver-
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3. Characteristics of pine bark extracts for localities 1 - 5 in 1986 - 1989 — Charakteristiky extraktd
borové borky z lokalit 1 - 5 v letech 1986 - 1989

age concentrations was rather weak. The lowest dependence of extract parameters
on SO, concentrations were indicated for pine bark extracts where pH values were
positively correlated and total conductivity negatively correlated. The strongest
correlation between bark extract parameters and average SO, concentrations was
computed for spring, the worst for the autumn and winter seasons.

Tab. V. shows the results of testing mutual dependence among bark extract
parameters. The negative relationship between pH and conductivity was found for
all kinds of bark and localities. The same is true for pH and sulphate content, but
regression coefficients are minor. Total conductivity was closely correlated with
sulphates content in bark extracts. The exception was locality 9, where in the case
of spruce bark the correlation was positive and the corrleation coefficient reached
average values 0.63, 0.54, and 0.71 for oak, spruce, and pine bark, respectively.
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II. Results of variance analysis of average bark extract characteristics from localities 1 - 5
influenced by given factors in 1997 and 1988 — Vysledky analyzy rozptylu primémych hodnot
charakteristik vyluhu borky z lokalit 1 - 5 ovlivnénych uvedenymi faktory v letech 1987 a 1988

Factors n LS - means Ho;:gue‘:ws disfifilr‘cit:g:':’)
pH

1988 60 2.536 a 1987 - 1988
1987 60 2.597 b
sp. 30 2.497 a sp. - sm.
wi. 30 2.518 ab sp. - au.
sm. 30 2.569 b sm. - au.
au. 30 2.682 c au. - wi.
4 24 2.425 a 1-2 2-5
1 24 2.485 a 1-3 3-4
5 24 2.571 b 1-5 4-5
3 24 2614 b 2-3
2 24 2.735 c 2-4
pine 40 2.511 a oak-pine
spruce 40 2.546 a oak-spruce
oak 40 2.642 b

mS/cm
1987 60 1.052 a -
1988 60 1.054 a
au. 30 0.961 - a sp. - aw.
sm. 30 1.021 ab au. - wi.
wi. 30 1.105
sp. 30 1.125
2 24 0.783 a 1-2 3-4
3 24 0.950 b 1-3 3-5
1 24 1.157 ¢ 2-3
4 24 1176 c 2-4
5 24 1.199 c 2-5
pine 40 0.674 a oak-pine
oak 40 0.961 b oak-spruce
spruce 40 1.524 c pine-spruce
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Continuation of Tab. II — Pokraovénf{ tab. II

Factors n LS - means Horgnr(:)gu:l;ous di}i‘nelgm)
mgSO,/g

1987 60 6.203 a 1987 - 1988

1988 60 8.328 b

au. 30 6.153 a sp. - au.

sm. 30 7.229 ab au. - wi.

wi. 30 7.831

sp. 30 7.849

2 24 5.101 a 1-2 3-5

3 24 6.143 a 1-3

4 24 7.917 b 2-4

1 24 7.919 b 2-5

5 24 9.248 b 3-4

pine 40 3.405 a oak-pine

oak 40 6.840 b oak-spruce

spruce 40 11.552 c pine-spruce

* = significant level at least 95 % — hladina vyznamnosti nejméné 95 %

Graphic results of regression analysis for the combination couples of measured
extract characteristics computed for all individual measurements can be seen in
Fig. 4. The closest dependence among extract parameters was found in pine bark
extracts. The same applies to the dependence of total extract conductivity on
sulphate content in extracts of all kinds of bark.

DISCUSSION

The measuring of bark extract parameters was contrived mainly for the indica-
tion of SO, levels because sulphur dioxide is a dominant pollutant all over Europe.
Unfortunately, the fault of the method is that true SO, concentrations, the real
mechanism of SO, absorption and its following changes going through the tree bark,
are not exactly known.

Bark reaction is decreasing due to retention of acid rain, absorption of SOx and
dissociation of salts of a strong acid (H,SO4) and a weak base, e.g. (NH4)2SO4,
which is commonly presented in urban air aerosols. It is supposed Hértel et
Grill 1972) that sulphates in bark are presented mainly in the form of CaSOg4
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II1. Results of variance analysis of average oak bark characteristics from localities 1 - 10 influenced
by given factors in 1987 and 1988 — Vy¢sledky analyzy rozptylu primémych hodnot charakteristik
dubové borky z lokalit 1 - 10 ovlivnénych uvedenymi faktory v letech 1987 - 1988

Factors n LS - means Ho;n;%:;ous Significant difference (*)
pH

1988 40 2.648 a 1987 - 1988
1987 40 2.703 b
sp. 20 2.592 a sp. - sm.
wi. 20 2.631 ab sp. - au.
sm. 20 2.670 b sm. - au.
au 20 2.808 c au. - wi.
4 8 2.460 a 1-2 2-8 4-10
1 8 2.571 b 1-3 2-9 5-6
8 8 2.587 bc 1-4 2-10 5-10
7 8 2.614 bec 1-6 3-4 6-7
9 8 2.624 bc 1-10 3-10 6-8
5 8 2.629 bc 2-3 4-5 6-9
3 8 2.674 cd 2-4 4-6 7-8
6 8 2.727 d 2-5 4-7 17-10
2 8 2.991 e 2-6 4-8 8-10
10 8 2.991 f 2-7 4-9

mS/cm
1987 40 1.180 a. -
1988 40 1.214 a
au. 20 1.107 a
sp. 20 1.203 ab
sm. 20 1.216 a au. - wi.
wi. 20 1.262
2 8 0.458 a 1-2 2-5 3-8
3 8 0.860 b 1-3 2-6 3-9
1 8 1.044 1-§ 2-7 4-6
4 8 1.214 cd 1-6 2-8 4-7
5 8 1.227 1-7 2-9 S5-6
9 8 1.246 1-8 2-10 §-7
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Continuation of Tab. III — Pokracovéni tab. I11

Factors n LS - means Hot;r(:f::ous Significant difference (*)
8 8 1.260 d 1-9 3-4 6-7
10 8 1.296 de 1-10 3-5 6-8
8 1.437 e 2-3 3-6 6-9
8 1.928 f 2-4 3-7 7-8
7-9 7-10
mgSO,/g
1987 40 6.943 a 1987 - 1988
1988 40 11.602 b
au. 20 7.910 a sp. - Wi.
sp. 20 8.778 a sm. - Wi.
sm. 20 9.093 a au. - wi.
wi. 20 11.310 b
2 8 2.740 a 1-2 2-10 6-9
3 8 5.698 ab 1-6 3-5 7-8
1 8 7.960 bec 1-7 3-6 7-9
9 8 8.601 bcd 1-8 3-7 7-10
4 8 8.601 bed 1-8 3-7 7-10
5 8 9.196 cde 2-5 3-10
10 8 9.861 cde 2-6 4-6
8 8 11.319 de 2-7 4-17
8 12.099 e 2-8 5-7
8 16.648 f 2-9 6-7

* = significant level at least 95 % — hladina v§znamnosti nejméné 95 %

raised by a reaction of SO; with calcium presented in bark or in trapped dust
particles.

The natural reaction of the bark kinds which were under investigation is acid and
the method used might give pH values in the range from 2.6 to 3.0, considering any
anthropogenic pollution. The final pH values of leached bark samples are influ-
enced by a hydrolysis of the whole complex of salts retained in bark specimens.

Medwecka - Kornasg etal. (1989) found the different values of pH in
pine bark samples taken from trunk sides differently oriented to the cardinal points.
It was observed that, surprisingly, pH of bark extract did not depend on pine trunk
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IV. Results of regression analysis, dependence of tree bark extract characteristics from localities 1 - 10 on average air SO2 concentration
measured at the stations nearest to the localities a month before bark sample taking in 1986 - 1989 correlation coefficient = r — V¢sledky
regresnf analyzy, zévislost charakteristik vyluhd borky stromi z lokalit 1 - 10 na primémé koncentraci SO2 v ovzdusi namé&fené na stanicich
nejbliZze dangm lokalitdm mésfc pfed odb&rem vzorki borky v letech 1986 - 1989 (korelaéni koeficient = r)

¥ 2 ‘€661 ‘0 ‘JALOINAVIHVZ

Regression analysis Linear model y = a + bx x = concentration of SO,
Bark spring summer autumn winfer year
i 4 a b r a b r a b r a b r a b r
pH 2.538 0.0008 0.21 | 2.787 -0.003 -0.33 | 2.841 -0.002 -0.20 2.578 0.0004 0.15| 2.704 -6.0(1)5 -0.14
Oak mS/cm | 1.060 0.0009 0.12 | 1.034 0.005 0.25| 0.922 0.003 020 | 1.314 -0.001 -0.18| 1.114 0.0002 0.04
mgSO,/g | 6.806 0.014 0.24 [ 6.577 0.062 0.34 | 5.604 0.051 0.35|10.914 -0.007 -0.08 | 7.789 0.013 0.16
pH 2.325 0.004 0.75 2.498 0.005 0.50| 2.710 -0.002 -0.26 | 2.552 -0.0001 -0.03 | 2.614 -0.0001 -0.03
Spruce | mS/em 1.455 0.004 041 1.314 0.009 0.54 | 1.634 0.0003 0.02 | 1.316 0.004 0.59| 1.485 0.003 0.39
mgS0O,/g |10.356 0.020 0.35| 8.727 0.116 0.49 | 9.940 0.032 0.23 | 9.304 0.034 0.44 [10.234 0.028 0.37
pH 2.221 0.005 0.71 | 2.280 0.010 0.38 [ 2.615 -0.0007 -0.10 | 2.351 0.001 0.45| 2.490 0.0004 0.11
Pine mS/cm 0.889 -0.003 -0.21 | 0.840 -0.007 -0.19 | 0.643 -0.002 -0.21 | 0.719 -0.0002-0.09 | 0.682 -0.0001 -0.03
mgSO,/g | 3.140 0.011 0.15( 4.161 -0.035 -0.12 | 3.786 -0.017 -0.25 | 3.433 0.0009 0.05( 3.439 0.000 0.00




V. Results of regression analysis, the dependence among investigated bark extract characteristics for the period 1986 - 1989, (correlation
coefficient = r) — Vysledky mgtmlmal?zy,ﬁvhbsﬁnwdshdwmymidnmhuisﬁkmﬁvyhj\ﬂbm}ymobdou 1986 - 1989 (korelacnf koeficient = r)

¥ 2 ‘€661 ‘07 JALOINAVIHVZ

£ST

Regression analysis Linear model y = a + bx
Bark kind Locality y=pH x=mS/cm y=pH x=mgS0O,/g y=mS/cm x=mgSO,/g |
a b r a b r a b r
1 2710 -0.14 -0.31 2.659 -0.010 -0.32 0.550 0.066 0.84
2 3.158 -0.5% -0.66 3.051 -0.060 -0.57 0.182 0.100 0.86
3 2.771 -0.137 -0.43 2.706 -0.009 -0.22 0.409 0.081 0.60
4 2.659 -0.162 -0.58 2.557 -0.011 - -0.34 0.438 0.091 0.82
Oak S 2790 -0.133 -0.41 2.693 -0.007 -0.26 0.805 0.043 0.55
6 3.000 -0.201 -0.51 2.766  -0.005 -0.24 1.193 0.023 0.46
7 2799 -0.109 -0.27 2.661 -0.000 -0.22 l..443 0.026 0.58
8 2.746 -0.128 -0.35 2.673 -0.001 -0.26 0.652 0.050 0.65
9 2.855 -0.204 -0.26 2703  -0011  -026 1130 0016 029
10 3.216 -0.209 -0.51 3.149 -0.019 -0.49 0.641 0.062 0.65
1 2,655 -0.123 -0.24 2.608 -0.013 -0.35 1.118 0.040 0.56
2 2.593 -0.021 -0.08 2.582 -0.002 -0.08 0.983 0.053 0.55
3 2.844 -0.138 -0.58 2.749 -0.010 -0.37 0.640 0.077 0.70
Spruce 4 2.948 -0.330 -0.65 2.743  -0.029 -0.54 0.980 0.060 0.57
5 2.717 -0.070 -0.24 2.701 -0.007 -0.39 1.241 0.022 0.37
6 2.845 -0.125 -0.39 2.700 -0.003 -0.10 0.982 0.039 0.50
7 2.859 -0.107 -0.25 2.774  -0.007 -0.27 1.242 0.034 0.55
9 3.253 -0.200 -0.34 3.221 -0.025 -0.46 2.153  -0.002 -0.02
1 2.651 -0.264 -0.38 2.571 -0.035 -0.29 0.486 0.096 0.55
2 3.141 -0.868 -0.72 2918 -0.060 -0.36 0.1%4 0.101 0.73
Pine 3 2.78 -0.436 -0.73 2.645 -0.048 -0.56 0.267 0.128 0.89
4 2397 -0.018 -0.65 2.743  -0.029 -0.54 0.980 0.060 0.57
h] 2.666 -0.285 -0.71 2.559 -0.024 -0.60 0.400 0.081 0.79
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4. Graphic results of linear regression analysis for bark extract parameter pairs of individual kinds
of barks and for all practised measurements — Grafické vysledky linedmf regresnf analyzy pro
dvojice parametrll extraktd jednotlivych druhd borky a viechna provedens méfent

diameters in the range of 9 - 110cm(M alzahn et Niedzielska 1986).
pH values presented here represent the average pH values along trunk circunferences.

According to other authors(e.g. K6 hm et L6tschert,1972;Batin et
Martinic, 1985 Kosmus et Grill, 1986) pH values of samples taken
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in the city centre were often significantly lower than those from the city outskirts.
Values of pH at locality 10 might have been increased due to the influence of
prevailing alcaline street and plaster dust at the locality.

Average pH values were significantly lower in 1987 than in 1988. It reflects
increased yearly average of SO, concentrations within the city in 1987.

The lowest and the highest pH values in spring and autumn, respectively,
indicate that the extract reactions might have been a season behind the current SO,
concentrations. However, papers referred here say the time of delay is supposed to
be about one month.

Total conductivity of bark extracts should reflect the total mineral contamination
of bark samples. Hdartel et Grill (1972) recommended total conductivity as
the most sensitive indicator of air pollution levels. It reacted more rapidly to changes
in pollution levels than pH and sulphate content. The authors distinguished total and
sulphate conductivities and found that total conductivity in the winter was about 45
% higher than in the summer. However, sulphate conductivity had increased by
about 110 % in the winter. Kreiner et Hiartel (1986) found that in three
weeks all bark calcium was neutralized by sulphuric acid. After that the total
conductivity of bark extracts rapidly increased due to free sulphuric acid which
could not be neutralized. They also supposed that the most of the acid is converted
to CaSOy in the bark. Calcium sulphate contributed by 75 - 80 % of total conduc-
tivity values in bark extracts. Measured conductivity can be related to both CaSQy4
and K>SOy standard. The specific conductivity of the former is about 10 % lower.
Actually, the real total conductivity of a bark extract is the sum of partial specific
conductivities of all the participating ions in the solution.

The results presented here indicate that total conductivity of samples did not have
as long as a lag time after current SO, pollution levels as was observed for pH
values. Different yearly averages of SO, pollution in 1987 and 1988 did not
influence significantly total conductivity unlike the pH and sulphate content.
However, total conductivity was able to recognize the most different pairs of
compared localities as opposed to the other bark extract parameters. Spruce bark
gave the highest effective absorber of soluble pollutants.

Unfortunately, the published limits of conductivity values for individual degree
of pollution level could not be applied for the presented data because other extrac-
tion ratio had to be used. Nevertheless, the results obtained indicated an enormously
high level of pollution all over Prague compared to data published for foreign large
cities.

The source of sulphates in bark extracts may be mainly sulphuric acid, calcium
and ammonium sulphates originated from SO,. Kienzl et Hirtel (1979)
revealed that sulphate contents in bark extracts were delayed about a month after
current SO, concentrations. They recommended using spruce bark which under the
same pollution level could trap twice as many sulphates as other kinds of bark.
Kreiner (1986) found that use of Tween 80 in turbidimetric sulphate determi-
nations gave moderately lower results but the variance of the data was obviously
lower. He also supposed that all sulphur presented in bark samples leached in the
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form of sulphates because parallel analyses of S-SO4 was equal to released S-SO,
after combustion of the same bark specimens.

Sulphate contents presented here in bark extracts did not correspond exactly to
SO, concentrations. It should be reminded that the average SO, data did not
represent real pollution at chosen localities. They were used because of lack of any
correct values of SO, pollution. Addition of Tween 80 in sulphate determination
might have decreased the variance of measured data but the easiest method to get
satisfactory results was applied for the investigation. For the similar reason, results
were not related to CaSOy4 calibration solutions. Besides, bark samples from com-
plicated urban pollution climates may also contain other sulphate forms in a
significant manner.

Lotschert et Kohm (1973) described a linear correspondence between
pH values and sulphate contents in bark extracts. Kienzel et Hirtel (1979)
presented regression coefficient statistics for individual pairs of spruce bark extract
characteristics.

In the data presented here the linear model of regression analysis was applied and
similar correlation coefficients were found as published by above- mentioned
authors. Only the dependence of total conductivity on sulphate content in spruce
bark extracts was slightly lower.

pH values and total conductivity of bark extracts do not indicate only SO,
pollution levels as may have been felt when reading the text. If bark can retain
various kinds and forms of pollutants then corresponding analyses must reveal the
individual content of pollutants. Bark analyses have been used for indication of
pollutant levels such as fluorides(Mucha etal., 1977;Swieboda et Ka-
lemba, 1979), chlorides (Takala et al., 1990), nitrogen compounds (O s -
trowska,1980),heavymetals(Fatoki et Ayodele,1991),cement dust
Kortesharju et Kortesharju, 1989), radionuclides (Brown -
ridge,1985),PCB(Hermanson et Hites, 1990), and many others. The
author of the article also tried to indicate some of those pollutants by spruce bark
analyses(Suchara, 1992).

CONCLUSIONS

The bark extract characteristics indicated higher pollution loads in Prague city
centre than in the city outskirts. Analyses of samples from all chosen localities
revealed that tree bark in Prague was more polluted than in other foreign large cities
where proper bark analyses were done.

Bark extract analyses showed higher bark contamination in 1988 than in 1987
and the least contamination in autumn as opposed to the highest contamination in
winter or spring. :

The most significant differences among combination pairs of the localities were
found for total conductivity and pH values of bark extracts, the lowest number for
soluble sulphate contents.
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Measured parameters of bark extracts for individual tree species significantly
differed each other. The highest values of total conductivity and sulphate contents
gave spruce bark, lower oak and the least pine bark. Hence spruce and oak bark may
be used as effective indicators of pollution levels in the country and in the city
environments. ’

A relatively small correlation was found between investigated bark extract
parameters and estimated SO, air pollution. Neither real air SO, concentrations at
chosen localities, nor time of delay which extract characteristics are losing after the
current SO, levels are known.

The dependence of pH on total conductivity and sulphate contents were negative
and rather minor correlation coefficients were calculated for them whereas rela-
tively good positive correlation was found for the dependence of total conductivity
on sulphate content. Extract parameters indicating SO, levels best were total
conductivity and sulphur content.

Used methods were suitable and sufficiently correct for large sets of analyses.
For especially exact measurements other modified methods described in the refer-
ences can be used to reduce the variance of obtained results. Tree bark could be of
service as an universal indicator of environmental pollution levels if special analy-
ses for individual pollutant determination are used.
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Arrived on 18. 6. 1993

SUCHARA, J. (Vyzkumny tstav okrasniho zahradnictvi, Prihonice): VyuZiti nék-
terych druhii di‘evin méstskych parkii k odhadu iirovné znecisténi ovzdusi. Cha-
rakteristika vyluhii borky stromii. Zahradnictvi, 20, 1993 (4): 241-260.

Na deseti lokalitich v Praze (tab. I) byly v letech 1986 - 1989 &tvrtletné odebirdny a
analyzovény vzorky povrchové vrstvy borky (rhytidoma) vidy z péti stromi na kazdé
lokalité. Dubové borka byla analyzovédna na vSech deseti, smrkova na osmi a borovd na
péti zvolenych lokalitich. UsuSené namleté vzorky byly piesety sitem o primeéru od
2,0 mm, jemn4 frakce borky byla vyluhovéna 48 h pfevaienou deionizovanou vodou
(4 g : 16 ml), hruba frakce borky 24 h (4 g : 80 ml). Podle doporu¢enych metod byla
stanovena reakce vyluhu jemné frakce a ve vyluhu hrubé frakce borky celkova vodivost
a obsah rozpustnych sirand. Prib&h sledovanych parametrl ve vyluzich (obr. 1 - 3)
indikoval vétSinou vétsi miru zne€ist€ni na vnitrom&stskych lokalitich neZ na okraji
Prahy s vyjimkou pH na Karlové& namésti, kde reakce vyluhu borky mohla byt ovlivnéna
odli¥nym imisnim klimatem (zédsadity prach z omitek a komunikaci).

Na lokalitich se spole¢nym vyskytem vSech tif druhd stromi bylo ve vyluzich borky
zjiSt€no prikazn€ niZ$i pH a vy33i obsah rozpustnych sirand v roce 1988 neZ v roce
1987. Nejvy3si hodnoty pH a nejniZsi hodnoty celkové vodivosti i obsahu sirani ve
vyluzich byly zji$toviny na podzim, zatimco na jafe bylo uvedenymi parametry indiko-
véno nejvy3si zne&isténi borky. Zjisfované charakteristiky vyluhi pro jednotlivé druhy
borky byly vzdjemné vyznamné rozdilné (tab. II). V t&chZe imisnich pomérech nejvetsi
miru znecisté€ni vykazovala borka smrkd, nejcitlivéj$im indikitorem zne€iSténi byl
obsah sirani a celkova vodivost ve vyluzich. Mén€ vhodnym parametrem se jevi pH,
jehoZ vysledna hodnota je podmifiovana spolupiisobenim mnoha zne&istujicich latek ve
vyluhu. :

Borka dubii byla v Praze nejméné zneciSt€na na podzim, sledované charakteristiky
vyluhti naopak vykazovaly nejvy3$i troveii zne&isténi v zimé (tab. III). Pro celkovou
vodivost vyluhi byl zjiSt€n nejvétsi pocet dvojic lokalit s prikaznymi rozdily, nejmensi
pocet prikkaznych rozdil& mezi lokalitami byl zji$t&n pro obsah rozpustnych sirani.
Analyza borky dubil ukdzala, Ze nejméné byly zne€iSt€ny stromy na lokalitich 2,3 a1,
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nejvice na lokalitich 6, 7, 8 a 10. Porovnéni vysledki s publikovanymi tidaji ukazalo,
Ze zneciSténi na vSech vybranych lokalitich v Praze bylo velmi vysoké ve srovnani
s jinymi velkymi mésty v zahrani¢i.

Citovani autofi uvadéji, Ze prib&h sledovanych parametri vyluhi borky se opoZzduje
asi 0 mésic za aktudlnimi koncentracemi SO, v ovzdusi. Proto byla sledovina zavislost
zji¥fovanych parametrfi vyluhii borky na prim&mé koncentraci SO, za obdobi mésic
pied odbé&rem vzorki borky. Pro nedostatek spolehlivych tdaji o zne€iSténi na lokali-
tich byly pouZity hodnoty ze stanic nejbliZe jednotlivym lokalitdm, pokud na nich byly
primémé hodnoty SO k dispozici. Z diivodi malé reprezentativnosti hodnot o ¢aso-
vych zménich zachycenych polutantd v borce byly korela¢ni koeficienty zdvislosti
charakteristik vylihi na SO; relativné nizké (tab. IV). Vysledky v tab. II naznaduji, Ze
odezva sledovanych charakteristik na prib&h aktudlniho zneci$téni ovzdusi by mohla
byt del3i neZ mésic, alespori u pH.

Vzijemn4 zdvislost mezi sledovanymi parametry vyluhi borky byla podobn4 s tidaji
publikovanymi jinymi autory. Zavislost pH na celkové vodivosti a na obsahu
rozpustnych sirand ve vyluzich byla negativni, zavislost vodivosti na obsahu sirant
pozitivni. Nejvétsi korela¢ni koeficienty byly zjist€ny pro zivislost parametrd
v extraktech borové kiiry a pro zavislost vodivosti na obsahu sirand. Grafické zpraco-
vani regresni analyzy pro viechna namérena data uvadi obr. 4.

Reakce a celkova vodivost vyluhil borky nejsou specifickymi ukazateli znecisténi
SOs. PouZitd metoda stanoveni siranii byla vhodnd a dostatedné presnd, v piipadé
potieby sniZeni variance vysledki analyz je moZné pouZit modifikované metody, které
uvadi citovand literatura. Borka stromil by mohla slouZit jako univerzalni indikator
znelidténi prostiedi, pokud budou uZity analyzy specifické k determinaci jednotlivych
znedistujicich latek zachycenych borkou.

polutanty; borka; dub; smrk; borovice; mé&stské prostiedi

Author's address:
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INFORMACE

HISTORIE NALEZU A VYUZITi FUNKCNI STERILITY RAJCAT
(LYCOPERSICON ESCULENTUM MILL.)) V CESKOSLOVENSKU

Rajde pati{ mezi plodiny, u nichZ 1ze komer¢nf hybridnf osivo ziskdvat tradi¢nim
ruénim postupem, sestdvajicfm z kastrace kvétd, sbé€ru pylu a opyleni. Z4sluhou
hybridu Heterosis, jehoZ autorem byl prof. Frimmel v Lednici na Moravé a kterym
obchodovala erfurtskd firma Benary jiZ ve tficdtych letech, se brzo po kukufici
a tabdku stalo raj¢e dalsf plodinou, kde nastoupily vit€znou cestu F; hybridy.

Tradi¢n{ zpiisob v§roby hybridniho osiva je dodnes komeréné zajimavy, jak o tom
svéd¢f velikd mnoZstv{ osiva pro rychlenf, vyrdb&€nd v Nizozemsku a exportovani
do mnoha zemf{ evropskych i mimoevropskych. Poukazy na to, Ze podobné& jako
u kukuiice a daldich plodin existuje i u raj¢at sam¢f sterilita, kterd by se dala vyuZit
k zfskdvén{ hybridntho osiva bez pfedchoz{ kastrace kvétd, jsou viak znatné starého data.

Prvni ndlez tohoto druhu uvddéjf Larson a Paur (1948) v odridé John
Baer. Slo viak o sterilitu odliZnou od dosud zndmgch typdl pylové sterility ms (male
sterile), totiZ o sterilitu funk&nf. Spoc¢fvd v tom, Ze pyl v pradnicich je plné Zivotny,
ale sutura pradnik se ve zralosti neotvird, takZe pyl zistdvd trvale uzavien
v pra$nicich. Trvaly sriist sutury byl navic spojen s trvalym sriistem korunnich
platkd a také kaliSnfch Ifstkid, takZe kvéty se v Zddném stadiu svého vyvoje
nerozeviraly. Pfesto, Ze srilist koruny znepifstupiiuje bliznu pro umélé opyleni, byla
tato funk¢nf sterilita, nazvand ps (positional sterile), vyuZivdna pro vyrobu hybrid-
nfho osiva v Polsku, Rumunsku, v SNS i jinde.

JiZLarson a Paur (1948) konstatovali genové, jednoduse recesivn{
zaloZen{ znaku ps. U rajéat jsou ostatné genové, nikoliv cytoplazmaticky, zaloZeny
i viechny nalezené ms formy. Hybridizadni praxe proto ocenila u ps forem tu
skute¢nost, Ze steriln{ mateiskou linii 1ze rozmnoZovat v naprosto Cisté formé
umé&lou autogamizacf, zatfmco u ms je nutné kaZdoro¢nf zp&tné kifZenf
a vytfidovan{ 50 % fertilnich heterozygotnich rostlin.

V roce 1961 jsme ve VURYV v Praze-Ruzyni (Tron{&kov 4, 1962) nalezli
pfirozenou mutaci sterility v determinantni odriidé Ceskoslovenského piivodu
Vrbi¢anské nizké. Ukdzalo se, Ze jde rovn€Z o ps sterilitu genové jednodu3e re-
cesivné zaloZenou, kterd se od sterility popsané Larsonem aPaurem
(1948) 1i3f tfm, Ze sriistaji pouze sutury prasnikii, zatfmco kvétnf koruna i kalich jsou
nerozeznatelné od kvétd nemutantnich fertilnich rostlin. Zdroj této sterility byl
zaddtkem Sedesétych let poskytnut pro studijnf dcely do Bulharska, SNS a do
Francie.

V Bulharsku prokdzal Ge or gie v (1973), Ze ps gen v odriidé John Baer nenf
alelicky s genem ps v odriidé Vrbianské nizké. Prvnf gen oznacil jako ps-I a druhy
jako ps-2. V Tomato Genetics Cooperation Report poprvé popsala gen ps-2P hii -
louze (1978). V TGC Report (1979) je Philouze myln€ uvddéna jako
autorka nédlezu ps-2. Originalita Tron{¢& k o v é byla v§ak uvedena na pravou
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1. V plném kvétu normélné rozeviené kvéty u ceskoslovenské origindlnf funkéné sterilni mutace
ps-2 z odridy Vrbianské nizké (vlevo) a v celém priibéhu kvetenf trvale srostlé kvétni koruny
u funkéné sterilni mutace ps-I z odriidy John Baer (vpravo) — Czechoslovak original positional
sterile ps-2 mutant from the cultivar Vrbicanské nizké (on the left) with normally opened corollae
in full bloom. Positional sterile ps-/ mutant from the cultivar John Baer (on the right) with
permanently concrescent corollae

2. Funkéné sterilnf mutant ps-2 z odriidy
Vrbicanské nizké — Positional sterile ps-2
mutant from the Vrbi€anské nizké culti-
var
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miru v TGC Report (1980). Pozdéji Atanassova aGeorgiev (1987)
a Atanassova (1991a, b) lokalizovala gen ps-2 na chromozomu 4,
asi 20-26 jednotek od genu clau (clausa), v t&sné vazbé s genem ful (fulgens).

Spolehlivost sterility ps-2 z hlediska moZného vyuZit{ pro vyrobu hybridniho
osiva sledovala ve francouzskych podminkdch Philouze (1978). Jejf konsta-
tovanf, Ze k autogamizaci po kifZen{ dochdz{ maximdlné v 5 %, odpovidalo i pfi-
rozenému zakldddn{ autogamizovanych plodd do 5 % v obdobnych teplych
podminkdch v Bulharsku (Georgiev a Atanassova, 1981). Tito autofi
viak vybérem zfskali linie se samospra$nosti pod 0,5 % a u linie Start-24, kter4 se
stala zdkladem praktického vyuZitf i pozd&jSich genetickych studif, dokonce jen
0,02 %. V na3ich podminkdch, které jsou chladné&jsf, pfirozené zaklddan{ plodi
dosahovalo pouze 0,53 % (Tron{f¢kov 4, 1968).

Nae hodnocenf vhodnosti riiznych zdroji sterility raj¢at (ms, ps-1, ps-2, sl, pi,
ex) podobné jako zkuSenostiGeorgie v a (1973) vedly k zdvéru, Ze pro usnad-
nénf hybridizace by byla nejvhodn&j¥i kombinace geni ps-2, ex (exserta) a ¢ (com-
pact). Vyznamné prednosti ps-2, kterymi je snadnost generativniho mnoZenf v ¢isté
formé&, vysokd samilf fertilita a vysoky vynos hybridnich semen ziskdvany
v diisledku opylovén{ kvéti v dob& maximdln{ receptivity blizny, by se tak spojily
s longistylif, kterd by umozZnila piistup k blizné&, aniZ by bylo nutno pi'ed opylovéanim
odstratiovat koruny kvéti s ty¢inkami, coZ je jedind nepifjemnost u ps-2 pii hybridi-
Zaci. Mlkadovny tvar listu ¢ (compact) navic umozZiiuje kontrolu hybndnostl v F1.
Usili, které jsme ve smé&ru kombinace znaki ps-2 a ex vyvinulimyiGeorgiev
aAtanassova (1981, 1984), nevedlo v3ak k cfli vzhledem k labilit& projevu
longistylie a k dominantnimu charakteru genu ex. Podobné& neiisp&$né byly snahy
indukovat u ps-2 forem longistylii pomocf aplikace GA. P¥{¢inou je neptiznivy vliv
GA na vyvojrostlin a na jejich sami¢i fertilitu(Danailov,1977; Troni¢k -
ov 4,1979). Zanejperspektivngjsi projekt povazujfGeorgiev a Atanassova

3. PIné rozkvetly kvét u funké&né sterilnf mutace ps-1 z odriidy John Baer (vlevo), u funkéné sterilnf
mutace ps-2 z odriidy Vrbi¢anské nfzké (uprostied) a u longistylni mutace ex-2 z linie Eva-2
(vpravo) —Full bloom: in the positional sterile ps-I mutant from the John Baer cultivar (on the left),
in the positional sterile ps-2 mutant in the Vrbi¢anské nizké cultivar (in the middle) and in the
longistyle ex-2 mutant from the Eva-2 line (on the right)

ZAHRADNICTVI, 20, 1993, & 4 263



(1983, 1984) spojeni genu ps-2 se zkrécenou bliznou kvétu, kterd usnadtiuje
odstratfovan{ kvétn{ koruny.

K praktickému uplatmén{ ps-2 v komerénfm hybridu doslo nejdifve v Bulharsku.
Kefi¢kovy hybrid Pioner-2a (Georgiev a Petrako v, 1973) zaujimal ve
své dobé& nejenom velké plochy v Bulharsku, ale osivo bylo dovdZeno ve znatnych
mnoZstvich i do Ceskoslovenska. Sterilita ps-2 byla u nds naki‘fZena do fady odriid
s kombina¢ni schopnost{, mimo jiné i do matei'ské komponenty prvntho ¢s. hybrida
rajéete Start Fj, povoleného v roce 1975. Tak vznikl Start S-F, povoleny v roce
1981, ktery je dodnes souc¢dstf ¢s. sortimentu. Se zfskdvanim hybridniho osiva na
zédklad& ps-2 nejsou problémy a semendi‘'skd praxe potvrzuje vyzkumem piedpok-
l4dané vyhody (Tronfékovd a Spirytov4, 1981), pfedevsim zvysenf
produktivity préce pii hybridizaci ve sklenfku o 120 % a vysokou hybridnost
zfskaného osiva v rozmez{ 97-100 %.

Zdroj ps-2 sterility z VURV byl paralelné vyuZivén i na Slechtitelské stanici ve
SmrZicich, kde se stal sou¢4stf ispé$ného hybrida Tornddo Fi, povoleného v roce
1989.
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Doslo 27. 10. 1992

History of discovery and exploitation of positional sterility in tomato (Ly-
copersicon esculentum Mill) in Czechoslovakia.

Hybrid seed production in tomato can be facilitated by incorporating some form of male
sterility into mother component. The paper describes the finding of the positional sterile
ps-2 mutant in the Czechoslovak cultivar Vrbianské nizké in 1962, its advantages in the
process of hybrid seed production and the present stage of its utilization in the practice.
Positional sterility ps-2 has been exploited in Czechoslovak registered hybrids Start S-F;
and Tomado F;. By genetical studies of the ps-2 gene performed mainly in
Czechoslovakia, Bulgaria and France the recessive monogene character of inheritance,
localization on the chromosome 4 and linkage with the gene fulgens (fl) were
established.

Doc. EvaPekdarkova-Tronickova,
Vyzkumny iistav rostlinné vyroby, 161 06 Praha 6 - Ruzyné

ZAHRADNICTVI, 20, 1993, &. 4 265



Ustav zemédélskych a potravinaiskych informaci, Slezska 7, Praha 2

pro Vis v letoSnim roce pfipravil novou publikaci,
kterd by neméla chybét ve Vasi odborné knihovné

CESKO-NEMECKY A NEMECKO-CESKY
SLOVNIK PRO ZEMEDELCE

Slovnik obsahuje nejdileZit&j3{ a nejfrekventovanéj§f zem&d&lské vyrazy
v némeckém jazyce.

Je sestaven na zdklad€ odborné analyzy frekvence némeckych
zem&dé&lskych terminl v odborném i populérnim némeckém tisku a s vyrazy
pouZivanymi v némeckém zemé&dé&lstvi.

Usnadn{ Vdm &etbu odborngch &asopisil a knih a umoZni Vam déle se
vzdélavat a dorozumét se.

Slovnik uvadi v prvé fadé stéZejni terminy, jejichZ znalost je nutné pro
pochopeni dal§ich kombinac{. Jsou zde zahrnuty takové némecké vyrazy,
které se ve velkych slovnicich marn& hledaji.

Slovnik je doplné&n o voln& vloZenou piilohu, obsahujici zdkladn{ terminy
z kalendire, mér, hmotnosti, frdz{ pro styk s dfady, domluvu na po3té, na
nédraZi, pfi silni¢énim provozu aj.

Cena slovniku je 50.- K&.

Objednavky posilejte na adresu:
Ustav zem&d&lskych a potraviniskych informacf
pi. Hréifova
Slezskd 7
120 56 Praha 2




OBSAH - CONTENTS

Kala¢ P.jr, Voldfich M, Dobids§ J.: Obsah tomatinu ve vybranych
odriidach rajcat — The of content o-tomatine in selected tomato cultivars........

Jankovsky M, Pefinova D, Petr J.: Novd metodaizolace a stanoveni
éterickych oleji kofeni a jejich sloZek — A new method of isolation and determination
of ethereal oils in spices and of their components ................. ...t

Jane&kovd M., Myslivetkova J, Capkovié D.: Organogeneze
vyhonki maliniku (Rubus idaeus L.) z listovych diskd — Organogenesis of raspberry
offshoots fromi 16al'discs. v:vs s v vws vvm s s s sewsaws wes soe 395 Saies s

Hubac¢kova M.:Citlivost vyraSenych pupent révy vinné kimitaci jamiho mrazu
v zavislosti na prostfedi — Sensitivity of grapevine burst buds to spring frost imitation
in dependence on exposure to envVironment. .. .......vuti i

Suchara I: The use of some urban park woody species in an estimation of air
pollutionlevel Total leaf peroxidase and catalase activities — VyuZiti nékterych druh
drevin méstskych parkd k odhadu drovné zneciSténi ovzdusi. Celkova aktivita lis-
tovyeh peroxidaza Katalazy . vav o s san s 5 0 5 55 Fa 4o 603 56 e W

Suchara IL: The use of some urban park woody species in an estimation of air
pollution level. Tree bark extract characteristics — VyuZiti nékterych druhd dfevin
méstskych parkd k odhadu drovné znecisténi ovzdusi. Charakteristiky vyluhi borky
SO s oy s s v 008 Devs G0 B0 DRER AN VA % S0 R TR AN LR S

7 VEDECKEHO ZIVOTA
Blazek J:Zasediani ovocnaiské sekce EUCARPIA ...,

INFORMACE

Pekdrkovd-Tronickovad E.: Historie ndlezu a vyuZti funk¢ni sterility
rajéat (Lycopersicon esculentum Mill.) v Ceskoslovensku. ..................

193

201

213

223

241

200

261



47 4

V&decky tasopis ZAHRADNICTVI @ Vydiva Cesk4 akademie zem&d&lskych véd a
venskd akadémia pddohospodarskych vied - Ustav zem&d&lskych a potravinafsk
informaci @ Vychazi &tyfikrit roéné @ Redaktorka: ing. Zdeiika RadoSovd @ Reda
Slezskd 7, 120 56 Praha 2, tel.: 02/257541 @ Sazba: Studio DOMINO - ing. Jakub Ce
Popovice 144, 267 01 Kraliiv Dvir, tel.: 0311/22959 @ Tisk: UZPI Praha @ © Ustav
médélskych a potravinaiskych informaci, Praha 1993

Rozsitfuje PNS a. s. Informace o pfedplatném podé a objednévky pfijimé kaZda ad
nistrace PNS, dorucovatel tisku a Administrace centralizovaného tisku, HvoZd'anska |
149 00 Praha 4-Roztyly.



