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THE EFFECT OF DIFFERENTIATED NITROGEN
APPLICATION RATES AND FORMS ON THE CONTENT
OF SOME HEAVY METALS IN CARROT

VPLYV STUPNOVANYCH DAVOK A FORIEM DUSIKA NA OBSAH
VYBRANYCH TAZKYCH KOVOV V MRKVE

A. Uher

University of Agriculture, Nitra, Slovak Republic

ABSTRACT: In a three-year trial on carrot, Rubfna cultivar, the effect was investigated of differentiated application rates
(40, 80, 120, 160, 200 kg/ha) and forms of N-fertilizers on the content of nitrates and some heavy metals such as Cd, Pb,
Zn, Cu, Ni in carrot roots. N-fertilizing was found to significantly result in NO3, Cd and Pb cumulation in carrot. The carrot
contained above-the-limit amounts of Cd and Pb. The other observed elements Cu, Zn and Ni showed increased contents in
carrot roots in dependence upon the increasing N-rates, but their permissible limits in carrot roots were not exceeded in any
of the fertilizing treatments. This is the reason why nitrate content as well as the content of heavy metals, particularly Cd
and Pb, should be investigated in carrot and other vegetables.

carrot; nitrates; heavy metals (Cd, Pb, Zn, Cu, Ni); N application rates and forms

ABSTRAKT: V rédmci trojroéného pokusu s mrkvou, odroda Rubfna sme sledovali vplyv stupfiovanych ddvok (40, 80, 120,
160, 200 kg/ha) a foriem N-hnojiv na obsah dusi¢nanov a niektorych vybranych tazkych kovov Cd, Pb, Zn, Cu, Ni v jej
korefioch. Zistili sme, Ze hnojenie N preukazne reagovalo na kumuldciu NO3, Cd a Pb v mrkve. Mrkva obsahovala nadlimitné
mnoZstvo Cd a Pb. Ostatné sledované prvky Cu, Zn, Ni stupfiovanim ddvok N sice vykazovali zvySeny obsah v mrkve, aviak
ani pri jednom variante hnojenia pripustny limit v jej korefioch neprekrogili. Z toho dévodu je potrebné sledoval v mrkve,

ale i ostatnej zelenine okrem obsahu dusi¢nanov aj obsah tazkych kovov, najmi Cd a Pb.

mrkva; dusiénany; fazké kovy (Cd, Pb, Zn, Cu, Ni); davky a formy N

UvoD

Vysledky 3tddia interakcif fazkych kovov s makro-
prvkami na prijem a ich toxicitu pre rastliny si znacne
nejednotné a &asto rozporuplné. V trojroénom pokuse
sme sledovali obsah tazkych kovov Cd, Pb, Zn, Ni, Cu
v korefioch mrkvy (Uher, 1994). Rimsa a Du-
ffek (1989) sledovali obsah tazkych kovov v zeleni-
ne, nadlimitné hodnoty Cd zistili v koreiioch paStrndku,
mrkvy, dalej v cibuli, listoch zeleru a v plodoch zele-
ninovej papriky. Alegria (1991) zisfoval obsah Cd,
Pb a Ni v pdde a v zelenine. Okrem Statisticky vy-
znamnych vysledkov sledovanych prvkov v zelenine
zistil, Ze antropogénne faktory a Zivotné prostredie hra-
ju dolezitd dlohu z hPadiska vyskytu tychto prvkov
v pdde a v rastline.

Potvrdila sa skuto&nost, Z¢ najmi kadmium patr{
medzi naj¥kodlivejsi prvok, ktory pri vyskyte v poZiva-
tinich v mnoZstve presahujicom najvysSiu pripustni
hodnotu méZe dlhodobym t¢inkom negativne ovplyv-
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nit zdravie ¢loveka. Z rastlinnych produktov sa kumu-
luje aj v zelenine, kde mrkva je zv14¥( citlivd na jeho
obsah v korefioch.

MATERIAL A METODA

Ciefom pokusu bolo zistit vplyv stupfiovanych d4-
vok a foriem dusika na vy¥ku urody mrkvy a jej kvali-
tativne vlastnosti, t. j. obsah beta-karoténu, d’alej obsah
NO3 a vybranych fazkych kovov v jej korefioch.

PoIny pokus sme zaloZili blokovou metédou na ilo-
vitohlinitej nivnej pdde, v $tyroch opakovaniach pre
kazdy variant. Do pokusu bola zaradend mrkva, odroda
Rubina, v $estndstich variantoch hnojenia o do mnoz-
stva a foriem dusikatych hnojiv. Pri zakladani pokusu
sme stanovili rovnaki ddvku P a K pre vietky pokusné
varianty. Ddvka P predstavovala mnoZstvo 67 kg/ha
a ddvka K bola 199 kg/ha. PouZili sme priemyselné
hnojivé superfosfat a draselni sol.
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Pre jednotlivé pokusné varianty sme stanovili nasle-
dovné davky dusika:

variant divka N (kg/ha)
K - kontrola 0
A 40
B 80
G 120
D 160
E 200

PouZité formy a druhy dusfkatych hnojiv:

a) sfran amonny — (NH}): celd ddvka hnojiva sa zapra-
covala do pddy pred sejbou;

b) siran amonny — (NHJ): zapracovany pred sejbou +
liadok amonny s vdpencom - (50 % NO3 + 50 %
NH;;') zapracovany prihnojovanim jedenkrdt pocas
vegeticie;

¢) DAM 390 - (15 % NH; + 7,5 % NOj + 7,5 % NH});
celd ddvka hnojiva bola zapracovand do pody pred
sejbou postrekom.

Prihnojovanie na list sa uskutocnilo $tyri tyZdne po
vzideni mrkvy. Priprava pddy pred sejbou, ofetrovanie
porastu podas vegetdcie bola podla vyrobnych systé-
mov platnych v praxi pre pestovanie mrkvy.

Iyzou variancif (Uher, 1994). Obsah vldkniny sme
stanovili Henneber-Stohmannovou metédou, obsah be-
ta-karoténu podla normy a extrakt sa vyhodnotil kolo-
rimetricky, dusi¢nany sme stanovili iontoselektivnou
elektrédou (typ CRYTUR) a tazké kovy metédou
AAS.

VYSLEDKY A DISKUSIA

Z dosiahnutych vysledkov v trojroénom priemere
sme zistili najnizsi obsah 0,04 mg/kg kadmia v mrkve
pri aplikdcii dusikatych hnojiv v kombinécii siran
amonny plus liadok amonno-vépenaty v celkovej dav-
ke dusika 40 kg/ha. Obsah kadmia v mrkve vyhovoval
povolenému limitu 0,05 mg/kg pre obsah kadmia v ze-
lenine a zeleninovych vyrobkoch, podla Vyhlasky MZ
SR ¢&. 2 z roku 1994 Zb. z. Pri vSetkych ostatnych va-
riantoch hnojenia vrétane kontroly sme zistili prekroce-
nie najvysSieho pripustného mnoZstva kadmia v mrkve
(tab. II).

1. Obsah vybranych prvkov v mrkve v mg/kg — The content of some
elements in carrot (mg/kg)

Korene mrkvy sa zberali v jednom termine naraz Variant! | Varidcia?| Pb cd Cu Zn Ni
a triedili sa podla vtedajSej platnej normy na 1. a 2. [o T 040 | 0,059 | 1.07 | 237 | 0.257
akost a ne¥tandart. KaZd4 akostnd trieda podfa varian- = 052 | 0,066 | 1.28 | 3.05 | 0.160
tov a opakovan{ sa osobitne odvaZila. Z priemernych A b 067 | 0040 | 144 | 226 | 0.185
vzoriek korefiov mrkvy z kaZdej parcelky sa stanovil
obsah su§iny, vldkniny, beta-karoténu (tab. I), dalej du- < Do 1000 | 1o | %48 )0
si¢nanov a taZkych kovov (Cd, Pb, Cu, Zn, Ni). Vy- a 056, || JOST: |; 38, | 455 | D2
sledky boli matematicko Statisticky vyhodnotené ana- g b 038 0:059:| 199" | AL | 0252
c 0,56 | 0,068 1,54 2,40 | 0,256
a 0,54 | 0,065 [ 0,80 2,62 | 0,204
1. Obsah refraktometrickej susiny, vldkniny a beta-karoténu v mrk- c b 0,51 | 0,075 [ 1,32 | 3,00 | 0,254
ve — The content of refractometric dry matter, fiber and beta-caro- c 0,50 | 0,052 [ 1,15 2,80 | 0,214
tene in carrot a 0,40 | 0,085 1,47 3,89 | 0,220
X s od g 5 D
v v T i | B : ([ o o 8
Kontrola®) - LA el 1035 s | o4 [o.24 | 126 | 419 |02
a 1092 087 ;i3 E b 055 | 0,078 | 1,76 | 246 | 0237
A b 1038 0.2 Hiza ¢ | o6 |o1ss| 160 | 338 | 0266
c 10,82 091 9,58
a 11,13 0,94 10,27 !treatment, 2vamiation, 3control
B b 10,99 0,88 10,20
c 10,48 0,87 13,04
i 11.28 094 9.33 Stupriované davky dl..xsfka zvyigvali obse’lh Cd v ko-
c b 10,53 0.85 13.22 refioch mrkvy takto (priemer za tri pokusné roky):
c 11,10 0,98 11,42 dévka N (kg/ha) 0 40 80 120 160 200
a 11,14 1,01 11,18 obsah Cd (mg/kg) 0,059 0,062 0,061 0,064 0,078 0,106
D b 11,20 0,93 10,47 obsah Cd (%) 100,0 105,1 1024 1085 1322 173,7
c 11,70 0,97 10,11 §
" 11,24 1.29 10,17 Formy dusikatych hnojiv ovplyvnili obsah Cd
E b 11,97 0,92 1057 v mrkve. takto:
(5 11,26 0,95 11,82 hnojivo kontrola SA SA + LAV DAM 390
'treatment, 2variation, *refractometric dry matter, *fiber, *beta-caro- oheals Od (mgke). 0039 ou 0068 0077
it Coontrol obsah Cd (%) 1000 1339 1119 1309
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NajvyznamnejSie, vysokopreukazne sa na obsahu
Cd v korefioch mrkvy podielali stupfiované ddvky du-
sikatych hnojiv a pestovatelské roky, d'alej interakcia
stupfiované ddvky N-hnojiv a roky, ako aj druhy N-
-hnojiv a roky (tab. III). Signifikantny rozdiel sme zis-
tili pri vzdjomnom pdsobeni stupfiovanych ddvok a fo-
riem N-hnojiv. Medzi hnojivami siran amonny (SA)
a DAM 390 sme nezistili preukazny rozdiel.

Vysokopreukazny rozdiel sme zistili medzi ddvkami
dusfka 40 aZ 160 kg/ha a ddvkou dusika 200 kg/ha. Javi
sa ur€itd tendencia, Ze stupiiovanymi ddvkami N-hnojiv
sa zvySuje obsah Cd v korefioch mrkvy. Aplikovanim
hnojiva SA sme zistili signifikantny rozdiel v obsahu
Cd v mrkve medzi ddvkou 40 kg/ha a 200 kg/ha. Ap-
likovanim SA v ddvke nad 120 kg/ha sa zéroveii zvy-
Suje aj obsah Cd v mrkve nad pripustny limit.

Vplyv stupiiovanych ddvok hnojiva SA na obsah Cd
v mrkve sa prejavil takto (priemer za tri roky):

Vplyv stupfiovanych ddvok dusikatého hnojiva
DAM 390 na obsah Cd v mrkve sa prejavil takto (pri-
emer za tri roky):

davky N (kg/ha) 40 80 120 160 200
obsah Cd (mghkg) 0,079 0068 0052 0072 0,115
obsah Cd (%) 1000 86,1 658 911 1456

Zistili sme, Ze stupfiované ddvky N sa vyraznejSie
na obsahu Pb v mrkve neprejavili:

ddvka N (kg/ha) 0 40 80 120 160 200
obsah Pb (mg/kg) 040 061 057 052 046 0,55
obsah Pb (%) 100,0 152,5 142,55 130,0 1150 137,0

Preukazny rozdiel sme zistili iba medzi divkou N
40 kg/ha a ddvkou 160 kg/ha. Stupiiovanim ddvok du-
sika (40-200 kg/ha) sa javi tendencia zniZovania obsa-
hu Pb v koreiioch mrkvy.

Formy dusikatych hnojiv ovplyvnili obsah Pb v ko-
refioch mrkvy takto (trojroény priemer):

ddvka N (kg/ha) 40 80 120 160 200

obsah Cd (mg/kg) 0,066 0,057 0,065 0,085 0,124 hnojivo kontrola SA SA + LAV DAN 390

obsah Cd (%) 100,0 86,4 98,5 1288 1879 obsah Pb (mg/kg) 0,40 0,50 0.55 0,57
obsah Pb (%) 100,0 125,0 137,5 142,5

Pouzitim hnojiva DAM 390 sa javi tendencia, Ze
zvySovanim ddvky hnojiva sa mierne zniZuje obsah
kadmia v mrkve aZ na ddavku 200 kg/ha.

Signifikantny rozdiel sme zistili medzi hnojivami
SA a DAM 390. Pri aplikécii hnojiva SA mrkva obsa-

III. Analyza rozptylu — obsah kadmia (Cd) v mrkve — Analysis of variance — cadmium (Cd) content in carrot

Zdroj premenlivosti' N S (x-x)? v F-test Preukaznost 2
Opakovania? 3 4,826 1,609 0,209 -
Druh hnojiva* 1 2,290 2,290 0,297 -
Roky® 2 0,104 0,052 67,464 ++
Dévka hnojiva® 4 0,028 7,215 9,362 ++
Druh hnojiva x roky’ 2 3,047 0,524 1,976 ++
Druh hnojiva x ddvka hnojiva® 4 9,953 2,488 3,228 +
Roky x dévka hnojiva’ 8 0,051 6,395 8,297 ++
Druh hnojiva x roky dévka hnojiva'" 8 0,013 1,634 2,120 -
Chyba'! 87 0,067 7,707 & -
Celkova premenlivost 12 119 0,277 - - -

'source of variability, 2signit‘u:am:e. 3mplir:mion, Afertilizer type, Syears, "applicalion rate, "fertilizer type x years, Bfertilizer type x application
rate, l’yem’s x application rate, Vertilizer type x years x application rate, Yerror, %total variability

IV. Analyza rozptylu — obsah olova (Pb) v mrkve — Analysis of variance — lead (Pb) content in carrot

Zdroj premenlivosti' N S (x - x)? \ F-test Preukaznost?
Opakovania® 3 0,119 0,039 1,917
Druh hnojiva® 1 0,137 0,137 6,605 +
Roky® 2 0,276 0,138 6.670 ++
Dévka hnojiva’ 4 0,207 0,052 2,499 +
Druh hnojiva x roky’ 2 0,090 0,045 2,174 +
Druh hnojiva x ddvka hnojiva® 4 0,155 0,039 1,869 -
Roky x dévka hnojiva® 8 0,387 0,048 2,341 ++
Druh hnojiva x roky x ddvka hnojiva'® 8 0,126 0,016 0,762 =
Chyba!! 87 1,800 0,021 = =
Celkova premenlivost!2 119 3,178 - = =

For 1-12 see Tab. II
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V. Obsah Pb, Cd v korefioch mrkvy (mg/kg) — trojroény priemer — Pb, Cd contents in carrot roots (mg/kg) — three-year average

Pb - limit 0,5 Cd - limit 0,5
Variant! Var.ia(‘.né rozpatie? K i e Var.ia(‘,né rozpatie? 2 2 i
min. max. min. max.

Kontrola? 0,31 0,46 0,40 100,0 v 0,042 0,074 0,059 100,0 N
40 kg N/ha SA 0,42 0,69 0,52 130,0 N 0,047 0,078 0,066 111,8 N
DAM 0,61 0,68 0,65 162,5 N 0,053 0,133 0,079 133,9 N
80 kg N/ha SA -0,47 0,64 0,56 140,0 N 0,047 0,072 0,057 96,6 N
DAM 0,51 0,59 0,56 140,0 N 0,008 0,128 0,058 135,6 N
120 kg N/ha  SA 0,53 0,55 0,54 135,0 N 0,030 0,089 0,065 110,2 N
DAM 0,36 0,57 0,50 125,0 A\ 0,009 0,120 0,052 88,1 N
160 kg N/ha SA 0,33 0,48 0,40 100,0 v 0,050 0,104 0,085 144,1 N
DAM 0,40 0,70 0,53 132,5 N 0,028 0,105 0,072 122,0 N
200 kg N/ha SA 0,38 0,67 0,49 1225 \% 0,046 0,178 0,124 210,2 N
DAM 0,55 0,71 0,61 152,5 N 0,047 0,220 0,115 194,9 N

V = vyhovuje — complies with the limit
N = nevyhovuje — exceeds the limit

!treatment, 2control, 3mnge of variation

VI. Obsah Cu, Zn, Ni v korefioch mrkvy (mg/kg) — trojro¢ny priemer — Cu, Zn, Ni contents in carrot roots (mg/kg) — three-year average

Variant! _ Cu - limit 10,0 Zn - limit 10,0 : Ni - limit 0,5
x Jo limit %o limit X %o limit

Kontrola? 1,07 100,0 \ 2.37 100,0 Vv 0,25 100,0 Vv
40 kg N/ha SA 1,28 119,6 A% 3,05 128,7 v 0,16 64,0 Vv
DAM 1,51 141,1 \4 2,48 104,6 A\ 0,27 108,9 \
80 kg N/ha SA 1,23 114,9 \% 2,53 106,7 A% 0,24 96,0 v
DAM 1,54 143,9 4 2,40 101,3 \4 0,25 100,0 \
120 kg N/ha SA 0,90 74,8 v 2,62 110,5 v 0,20 80,0 b4
DAM 1,15 107,5 \4 2,80 118,1 v 0,21 84,0 v
160 kg N/ha  SA 1,47 1374 \' 3,89 164,1 A 0,23 88,0 \'
DAM 1,09 101,9 v 2,52 106,3 v 0,25 100,0 b4
200 kg N/ha  SA 1,26 117,7 \% 4,19 176,8 v 0,23 92,0 v
DAM 1,69 157,9 \4 3,38 142,6 \4 0,26 104,0 b

V = vyhovuje — complies with the limit

For 1-2 see Tab. V

hovala v priemere za tri roky 0,50 mg/kg Pb, teda
spil‘iala normu pre obsah Pb v zelenine.

PouZitim hnojiva DAM 390 obsahovala mrkva
0,57 mg/kg Pb, o znamend prekrocenie pripustného
limitu. ]

Hnojenie dusikom preukazne reagovalo na kumuld-
ciu Cd a Pb v korefioch mrkvy (tab. III, IV). Porovna-
nim obsahu Pb v mrkve s pripustnym limitom
(0,5 mg/kg) sme zistili, Ze z pokusnych variantov len
tri neprekro€ili pripustny limit. Potvrdilo sa, Zze Cd
v ostatnom ¢ase patri medzi jeden z najrizikovejSich
tazkych kovov z hladiska jeho vyskytu v zelenine, ale
i celej rastlinnej produkcii. Pri vSetkych variantoch
vriatane kontroly bol prekrodeny pripustny limit
(0,05 mg/kg) Cd v mrkve (tab. V).

Ostatné sledované prvky Cu, Zn, Ni stupiiovanim
ddvok N sice vykazovali zvySeny obsah v mrkve, avSak

4

ani pri jednom variante hnojenia pripustny limit ne-
prekrocili (tab. VI). Podobné vysledky sme zistili v ro-
ku 1989 sledovanim obsahu Cd, Pb, Cu, Zn v mrkve
v réznych pestovatel'skych lokalitdich v okoli Nitry
(Uher, 1989). Ak porovname naSe dosiahnuté vysled-
ky s hodnotami, ktoré publikovali Wu a i. (1989)
mobZeme konStatovat, Ze zvySovanie ddvok dusika vo
forme SA (NHj) zvySuje absorpciu kadmia v mrkve,
Gize zistujeme urcity synergizmus medzi Cd a amon-
nou formou dusika.

ZAVER
Na zédklade dosiahnutych vysledkov sme dospeli

k zdveru, Ze zo sledovanych tazkych kovov v mrkve
pre organizmus &loveka st zv14¥( nebezpe&né hlavne

ZAHRADNICTVI, 22, 1995 (2): 4145



dva prvky, kadmium a olovo. Z toho dévodu je potreb-
né sledovat v korefioch mrkvy, ale i v ostatnej zelenine
najma tieto. Ostatné sledované prvky Cu, Zn, Ni i ked
stupfiovanim ddvok dusika zvySovali svoj obsah v mrk-
ve, ale ani v jednom pripade neprekro¢ili pripustny li-
mit. To znamen4, Ze okrem dusi¢nanov je ddlezité sle-
dovaf v produkcii aj obsah faZkych kovov, najmi
kadmia a olova. Zistili sme, Ze i napriek nizkemu ob-
sahu dusi¢nanov v korefloch mrkvy (Kralovié
a Uher, 1986) bol obsah kadmia a olova vy33i ako
povoluje norma. Obsah kadmia sa pohyboval v kore-
fioch mrkvy od 0,040 do 0,124 mg/kg a obsah olova od
0,40 do 0,65 mg/kg.
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INFORMACE — STUDIE — SDELENI

HODNOTENIE FYZIOLOGICKYCH A MORFOLOGICKYCH
VLASTNOSTI PELU VYBRANEJ KOLEKCIE MARHUL

J. Oboriova

V rokoch 1991-1992 boli sledované fyziologické
a morfologické vlastnosti pefu vybranych odrod a klo-
nov marhdl. Sledovanie kli¢ivosti, Zivotnosti a anomd-
lif pefu je déleZité pre $lachitelské vyuZitie z dévodu
dobrého opelenia (a tym aj vynosu), ¢i uZ pri odrodédch
§Pachtenych a pestovanych na konzum alebo pre pod-
pnikové tcely. Overovali sa zdkonitosti platné pre os-
tatné odrody druhu Prunus armeniaca Mill. na novych
odrodéch a klonoch: Bergeron, Karola, KiSingjvsij ran-
nyj, VP-LE-6/2, 11/2, 12/2, M-VA-1, 2, 3, 4 aM-LE-1.

Skiska kli¢ivosti prebiechala na agarovom substrite
s roznymi koncentrdciami sacharézy (10-15 % a 20 %).
Zivotnost bola uréovand roztokom TTC (2-3-5 trifenyltet-
razoliumchlorid) na zdklade farbitelnosti pefovych zin.

V roku 1991 sa sledovala kli¢ivost pefu priamo po
odbere vzoriek z nakvitnutych kondrikov v laborat6riu
(odber prevedeny tri tyZdne pred fenofdzou kvitnutia)
a kli¢ivost po kritkodobom uskladneni (30 dni) v exi-
kétore, v chladnych podmienkach pri teplote 2-5 °C.
Kligivost bola sledovand pri 10-15% a 20% koncentracii
sacharézy s pridavkom 1,5 % agaru pri teplote 21 °C.

Najlepsie pef klicil pri 10% koncentracii sacharézy
(VP-LE-9/2 — 20 %). Priemern4 klicivost za cely sibor
bola 13,9 %. Pel dobre kli€il tieZ pri koncentracii 11 %
a 12 %. Celkovo bola kli¢ivost pelu nizka. MdZe to byt
ovplyvnené i odberom pelu z kvetov, ktoré sa nachd-
dzali na hornej Casti rodivého kondra. V bazdlnej a vrcho-
lovej &asti kondra je kli¢ivost rozdielna, &o je spdsobe-
né réznou iuroviiou vyZivy v tychto castiach. Vo
vrcholovej &asti je podstatne niZ¥ia klicivost pelu ako
v bazdlnej (Benedikovad, 1987). Kli¢ivost po usklad-
neni bola niZ§ia (najvysSia bola pri 11% koncentracii
sachar6zy - 6,3 %).

V nasledujicom roku bola zistovand kli¢ivost pelu
z dvoch odberov: Prvy odber (20. 3. 1992) bol z na-
kvitnutych vetvi v laboratériu a druhy odber (11. 4.
1992) priamo z rozkvitnutych stromov. Kli¢ivost pefu
bola opif najlepsia v 10% koncentracii sachar6zy (prie-
mer za cely stbor bol: prvy odber — 16,2 , druhy odber
- 26,7 %). Po (1929) previdzal tri odbery a zistil, Ze
kligivost pelu bola u prvého odberu niZ3ia ako u dru-
hého a treticho. Domnieval sa, Ze pel je podobny se-
mendm a musi nejaké obdobie ,dozrievat preto, aby

prejavil maximélnu kli¢ivost. Toto potvrdili i Sev-
¢enko a Gorina (dstne podanie, 1994), pel klici
tym viac, ¢im ¢asovo bliZsie ho odoberdme k dobe kyvit-
nutia.

Pri dalsich pokusoch sa vyhodnocovala Zivotnost
a anomdlie pelu. Percento Zivotnosti koreluje s kli¢i-
vostou pelu, byva viak o nieo vysSie, pretoZze medzi
Zivotné pelové zrnd si zaradované i tie, ktoré maju
Zivi protoplazmu, ale st celkovo menej vyvinuté a ne-
musia kli¢it (Vitkovskij a Lomakin, 1981).
Z prvého odberu najvyisiu Zivotnost preukézali klony
M-VA-1 a VP-LE-12/2 (96 %). priemer za cely siibor
bol 89,8 %. Z druhého odberu to boli klony VP-LE-12/2
a VP-LE-6/2 (96 %), priemer za cely stbor bol 93,3 %.
Najviac anomdlnych pefovych zin v obidvoch odberoch
mala odroda KiSinejvskij rannyj (13 a 30 %).

Z vysledkov vyplyva, Ze najlep§ia koncentrdcia sa-
char6zy v kli¢iacom substréte pre kli¢enie pelu marhidf
je od 10 % do 12 %. Najvyhodnejsie je odoberat pel
v ase kvitnutia alebo v kritkom &ase pred rozkvitnu-
tim a skladovat ho len kratku dobu. Najvy33ia Zivotnost
pelu bola zaznamenand u klonu VP-LE-12/2 (96 %)
a najnizS§ia M-VA-2 (74 %). Napriek tomu, Ze bolo
percento anomdlii u odrody KiSinevskij rannyj vysoké,
nemd to v tomto rozsahu vplyv na kli¢ivost pelu.
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DETERMINATION OF FIVE VIRUSES IN PLANTS
OF BLACK, RED AND WHITE CURRANT BY ELISA

STANOVENI PETI VIRU V ROSTLINACH CERNEHO, CERVENEHO
A BILEHO RYBIZU POMOCI ELISA

M. Janeckova, L. Svobodova

Research and Breeding Institute of Pomology, Holovousy, Czech Republic

ABSTRACT: Selected plants of black, red and white currant were indexed for virus presence (ArMV, SLRV, RRV, CMV
and ApMV) by ELISA. None of the above viruses was determined in plants of black currant cultivars Gornaja, Holandsky
¢erny and Ojebyn. Only in some plants of black currant cvs. Eva, Nigra, some new-selections, Otelo, Roodknop, Silvergieter
and Viola, ArMV, SLRV, RRV and CMV were identified. From the total number of indexed black currant plants, ArMV was
determined in 0.73% , SLRV in 8,08%, RRV in 4,41% and CMV in 1,47%. None of the 5 viruses determined was present in
tested plants of red currant cultivars and clones, respectively: Detvan, Holandsky BO, Losan LO, Rondom and Vierlandensky.
RRV and ApMV were determined in some plants of red currant Holandsky PLR and some new-selections. From the total
number of indexed red currant plants RRV was determined in 11.85% and ApMV in 6,66%. None of the § viruses tested
was determined in plants of white currant cultivars Blanka and Primus.

currant; ELISA; Arabis mosaic virus; strawberry latent ringspot virus; raspberry ringspot virus; cucumber mosaic virus; apple
mosaic virus

ABSTRAKT: Vybrané rostliny ¢erného, Cerveného a bilého rybizu byly testovény na piitomnost viri ArMV, SLRV, RRV,
CMV a ApMV pomoci ELISA. Z4dny z uvedenych viri nebyl zjidtén v rostlinch odriid &erného rybfzu Gornaja, Holandsky
&erny a Ojebyn. Pouze v n&kterych rostlindch odrfid a novoslechténi erného rybizu Eva, Nigra, novoslechténi, Otelo, Rood-
knop, Silvergieter a Viola byly zjistény AtMV, SLRV, RRV a CMV. Z celkového poctu testovanych rostlin ¢erného rybizu
byl ArtMV stanoven v 0,73 % rostlin, SLRV v 8,08 %, RRV v 4,41 % a CMV v 1,47 %. Zadny z péti zji§lovanych vird nebyl
pfitomen v testovanych rostlindch odrid resp. klonii ¢erveného rybizu Detvan, Holandsky BO, Losan LO, Rondom a Vier-
landensky. V nékterych rostlinich ¢erveného rybizu Holandsky PLR a novoSlechténi byly zjistény RRV a ApMV. Z celko-
vého pottu testovanych rostlin Eerveného rybfzu byl RRV stanoven v 11,85 % rostlin a ApMV v 6,66 %. Zadny z péti
zjisfovanych virl nebyl stanoven v rostlinich odriid bilého rybizu Blanka a Primus.

rybfz; ELISA; virus mozaiky huseniku; latentni krouzkovitost jahodniku; virus krouZkovitosti maliniku; virus mozaiky okur-
ky; virus mozaiky jabloné

UvoD hempel, 1968). SLRV byl izolovidn rovnéZ z kefe
éerného rybizu (cv. Baldwin) ve Skotsku. Kef byl také

Virové choroby drobného ovoce véetné rybizu infikovéan reverzi — zvratem cerného rybizu (Adams

v poslednf dobé popsali Converse aj. (1987). Zlutd
strakatost ¢erného rybizu (yellow mottle of black cur-
rent) je zpusobena virem mozaiky huseniku — Arabis
mosaic virus (ArMV). Tato choroba byla ozndmena
v Anglii (Thresh, 1966). Virus byl izolovédn z Cerné-
ho rybizu ve Francii (Putz a Stocky, 1971)
a z Cerného rybizu z ruského Délného vychodu (Gor-
dejchuk aj., 1977).

ArMV a virus latentni krouzkovitosti jahodniku —
strawberry latent ringspot virus (SLRV) byly prvné izo-
lovany z &erveného rybizu pfi testovani anglické kolek-
ce kultivari pfenosem $tavou na bylinné hostitele
(Tresh, 1967). Oba viry (AtMV a SLRV) byly zji§-
tény v Cerveném rybizu také v byvalé NDR (Klein-
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a Tresh, 1987) a nebylo stanoveno zda SLRV zpii-
sobuje specifické symptomy na ¢erném rybizu (Lis-
ter, 1964). Murant (1970, 1974) podal detailni po-
pisy obou vird (ArMV a SLRV). Spolehlivé odliseni
obou viril je moZné sérologickymi testy. ArMV je snad-
no detekovatelny technikou ELISA v extraktech listl
nebo pupeni éerného rybizu (Clark aj., 1976).
LZicovitost ¢erveného rybizu (spoon leaf of red cur-
rant) byla prvné oznidmena z Nizozemska (M aarse,
1926, 1938). Pozdé&ji bylo shleddno, Ze infekce je zpi-
sobena plidou pfenosnym virem (van der Meer,
1960, 1962). Nasledné bylo dokézéno, Ze je to kmen
viru krouzkovitosti maliniku — raspberry ringspot virus
(RRV) - Harrison (1961), Maat aj. (1962).
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Kmen RRYV zplisobujici IZicovitost Cerveného rybizu je
sérologicky nerozli§itelny od skotskych izolati ziska-
nych z maliniku. Identifikace RRV je moZn4 sérologic-
kymi testy.

Zelena strakatost cerného rybizu (green mottle of
black currant) je zptuisobena virem mozaiky okurky —
cucumber mosaic virus (CMV), kosmopolitnim patoge-
nem s neobvykle Sirokym hostitelskym okruhem. In-
fekce ¢erného rybizu byla ozndmena z Anglie a Wale-
su (Thresh, 1966), z Némecka (Kleinhempel, 1970)
a z cv. Primorskij a Champion z ruského Dalného vy-
chodu (Gordejchuk aj., 1977). Extrakty z infiko-
vanych listd Eerného rybizu pfipravené v ¢ervnu reago-
valy silné v ELISA pfi uZiti antiséra pro CMV
(Adams, nepublikovan4 data). Zelen4 strakatost der-
veného rybizu byla ozndmena z Nizozemska (van der
Meer, 1962) a z Anglie (Thresh, 1967). Virus byl
identifikovédn jako kmen CMV. Proti jednomu izoldtu
CMV 2z c&erveného rybizu bylo pfipraveno antisérum
(Maat, 1966). V difuznich testech v agaru vSech $est
izoldth z Eerveného rybizu nalezenych v Nizozemsku
reagovalo podobné.

V byvalém Ceskoslovensku byl izolovdn CMV z Ri-
bes rubrum L. a n&které jeho vlastnosti popsali Mu -
sil aj . (1979).

Doporucené postupy testovani pro detekci vird, viroi-
di, organismd podobnych mykoplazmdm a rickettsiim
a chorob podobnych vir6zdm v drobném ovoci vcetné ry-
bizu byly publikovdny v dodatku (Anonym, 1992).

Vyzkum problematiky testovani ovocnych keft (Ri-
bes sp.) na pfitomnost vird technikou ELISA byl vyvo-
l4n potfebou kontrolovat zdravotni stav mnoZitelského
materiélu.

Imunoenzymatické stanoveni pomoci ELISA je vel-
mi citlivou a vykonnou metodou pro diagnézu rostlin-
nych vird. Rutinni diagnostika zaloZend na jejim uZiti
md v$ak u ovocnych dfevin své specifické problémy
vyplyvajici z nerovnomérného rozmisténi virovych
&astic v jednotlivych orgdnech testované rostliny
a z proménlivé stanovitelnosti virti v prab&hu roku.

Préce uvadi vysledky testovéni rostlin odriid a novo-
$lechténi rybizu na pfitomnost péti viri pomoci ELISA.

MATERIAL A METODY

Vybrané rostliny odriid a novoSlechténi rybizu (SS
Velké Losiny) byly testovdny na pfitomnost virl
ArMV, SLRV, RRV, CMV, ApMV pomoci ELISA.

Do prvni skupiny bylo zahrnuto 10 odriid a novo-
§lechténi resp. 136 rostlin éerného rybizu, druhd skupina
obsahovala pét odrid a novoslechténi, resp. 135 rostlin
derveného rybizu a ve tietf skuping byly dva kultivary,
resp. 10 rostlin bilého rybizu.

Testy byly provedeny na pocatku vegetace (tieti de-
kéada bfezna, prvni dekdda dubna). Rasic{ pupeny, listy
a kvéty byly odebrdny z vyhonii rostlin narasenych
v pfirodé. Smésné vzorky tvofily podily z naraSenych
pupend, listd a kvétd. Pro stanoveni ArMV, SLRV,
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CMYV pomoci ELISA byly pouZity soupravy firmy Loe-
we, pro zji§téni RRV a ApMV byla uZita antiséra firmy
Bioreba.

Potahovani

Mikrotitraéni desti¢ky zn. KOH-I-NOOR Hardt-
muth byly potaZeny ustojnym roztokem, ve kterém by-
ly zfedény specifické IgG v poméru 1 : 100 (ArMV,
SLRV) a inkubovény pfi teploté¢ 37 °C po dobu &tyf
hodin, v poméru 1 : 200 (CMV) a inkubovény pfi tep-
loté 37 °C po dobu &tyf hodin, v poméru 1 : 1000
(RRV, ApMV) a inkuboviny pfi teploté 30 °C po dobu
¢tyf hodin. Po inkubaci byly desticky vymyty v auto-
matické promyvacce (ULTRAWASH II fy Dynatech ).

P¥iprava vzorkt

Smésné vzorky byly pfipraveny mletim odvdZené
&4sti rostliny (0,25 g) v extrakénim pufru na homoge-
nizdtoru (POLYTRON fy Anselma-Industrie, Videii).
Bylo pouzito fedéni 1 : 20, na 0,25 g vzorku bylo
pipetovdno 5 ml extrakéniho pufru. Umleté vzorky
v chladu sedimentovaly po dobu minimélné dvou ho-
din. Vzorky (190 pl extraktu) byly pipetovany do ja-
mek vymytych mikrotitracnich desti¢ek, které byly ulo-
Zeny do Petriho misek s vlhkym filtratnim papirem
a ponechdny v chladnicce pfi teploté 4 °C pies noc. Po
vymyti mikrotitraénich desti¢ek bylo pfikro¢eno ke
konjugaci. Konjugaty IgG s alkalickou fosfatazou byly
zfedény v konjugaénim roztoku v poméru 1 : 100
(ArMV, SLRV) a reakce v desti¢kdch inkuboviny po
dobu &tyf hodin pfi teploté 37 °C, v poméru 1 : 200
(CMV) a reakce inkubovany po dobu ¢tyf hodin pfi
teploté 37 °C, v poméru 1 : 1000 (RRV a ApMV) a re-
akce inkubovény po dobu péti hodin pfi teploté 30 °C.
Reakce se substratem probéhly béhem | hodiny pfi poko-
jové teploté na tmavém misté. Jako substrdt byl pouZit
4-nitrofenylfosfat rozpustény v substratovém ustojném
roztoku (0,75 mg/ml). Reakce byly vyhodnoceny na
spektrofotometru fy Dynatech typ MR 580 pii 405 nm.
Priprava pouZivanych roztokt je uvedena v prici Ja-
nec¢kovd aj. (1986). Pii pfipravé extrakéniho istoj-
ného roztoku je moZno sniZit navdzku vaje¢ného albu-
minu z 10 na 2 g na litr.

Pozitivni a negativni kontroly byly zasuSené a rov-
néZ z vegetujicich rostlin.

Hrani¢ni (prahové) hodnoty absorbanci byly vypo-
Citdny z hodnot absorbanci negativnich kontrol (zasu-
Senych i vegetujicich rostlin). Pfi ELISA byly dodrZo-
vany pracovni postupy dodané vyrobci testovacich
souprav.

VYSLEDKY
V rostlindch odriid a novo3lechténi ¢erného, &erve-

ného a bilého rybizu byly zji§tény viry ArMV, SLRV,
RRV, CMV a ApMV pomoci ELISA.
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I. Vysledky stanoveni viri ArMV, SLRV, RRV, CMV a ApMV v rostlindch ¢erného rybizu pomoci ELISA — The results of detection of
ArMV, SLRV, RRV, CMV and ApMV viruses in black currant plants by ELISA

¢ -}
Odrida! syl Vislodek S
rostlin ArMV SLRV RRV CMV ApMV
Gornaja 1 - | 1 1 1 1
Holandsky &erny 2 - 2 2 2 2 2
Ojebyn Iz. 20 - 20 20 20 20 20
Eva Iz. 5 - 5 1 5 5 5
Pd 1
+ 3
Nigra Iz. ] - 5 3 4 5 5
+ 1
Novoslechténi® 44 - 44 42 42 43 44
Pd 1
+ 1 2 1
Onyx Iz. 5 - 5 5 5 5 4
Pd 1
Otelo Iz. 23 - 22 16 20 23 23
Pd 1
+ 4 2
Roodknop Iz. 20 - 20 20 20 19 20
+ 1
Silvergieter Iz. 3 - 3 2 2 3 3
Pd 1
+ 1
Viola Iz. 8 - 8 5 74 8 8
Pd 1
+ 2 1
136 - 135 119 128 134 135
Celkem® kd 5 2 :
+ 11 6 2
100 % +v % 0,73 8,08 4,41 1,47

Vysvétlivky k tab. I a Il - Explanatory notes for Tabs. I and II:
— = negativni test — negative test
+ = pozitivni test — positive test
Pd = podeziely test — suspect test

Pd = absorbance v rozmezi X a% X + 3 x s — absorbance in the range X to X + 3 x §

'cultivar, “number of tested plants, 3result, *viruses, *new-selections, ‘total

Z4dny z uvedenych virl nebyl zji§tén v rostlindch
odrid &erného rybizu: Gornaja, Holandsky cerny
a Ojebyn. V nékterych rostlindch odriid &erného rybizu
byly zji§t&€ny pomoci ELISA né&které viry nebo smési
viri SLRV (Eva), RRV (Nigra), SLRV, RRV, CMV
(novoslechténi), ArMV, SLRV, RRV (Otelo), CMV
(Roodknop), SLRV (Silvergieter) a SLRV,RRV (Vio-
la). Z celkového poctu testovanych rostlin ¢erného ry-
bizu (136) byl ArMV stanoven v 0,73 % rostlin, SLRV
v 8,08 %, RRV v 4,41 % a CMV v 1,47 % (tab. I).

Z4dny z péti uvedenych virli nebyl stanoven v rost-
lindch odriid resp. klont éerveného rybizu: Detvan, Ho-
landsky BO, Losan LO, Rondom a Vierlandensky.
V n&kterych rostlindch odrid resp. klont ¢erveného ry-
bizu byly zjistény pomoci ELISA viry RRV a ApMV
(Holandsky PLR a novoslechténi). Z celkového poctu
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testovanych rostlin &erveného rybizu (135) byl RRV

stanoven v 11,85 % rostlin a ApMV v 6,66 % (tab. II).
Z4dny z t&chto p&ti vird nebyl zjistén v rostlindch

dvou odrid bilého rybizu (Blanka a Primus) (tab. II).

ZAVER

V nékterych rostlindch Sesti odriid a novoslechténi
Cerného rybizu byla pomoci ELISA zji§téna pfitomnost
ArMYV, SLRV, RRV a CMV. RRV a ApMV byly tech-
nikou ELISA zji§t€ny pouze v nékterych rostlindch jed-
né odridy a novoslecht&ni Cerveného rybizu. V rostli-
nach dvou odrid bilého rybizu nebyl stanoven Zadny
z péti zjisfovanych vird.
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1. Vysledky stanoveni vird ArMV, SLRV, RRV, CMV a ApMV v rostlindch &erveného a bilého rybizu pomoci ELISA — The results of
detection of ArMV, SLRV, RRV, CMV and ApMV viruses in red and white currant plants by ELISA

Odriida’ les!l:)(\)/iit’ch ysled 3' Viry‘
rostlin ELISA ATMV SLRV RRV cMv ApMV
Detvan BO, Iz. 10 - 10 10 10 10 10
Holandsky BO 15 - 15 15 15 15 15
Losan LO 10 - 10 10 10 10 10
Rondom D4, Iz. 10 - 10 10 10 10 10
Rondom Pha, Iz. 3 - 3 3 3 3 3
Vierlandensky PLR 2 - 2 2 2 2 2
Holandsky 30 - 30 29 22 30 22
PLR Pd 1 3
+ 8 5
Losan 10 - 10 10 9 10 10
BO, Iz. Pd 1
Novoslecht&ni® 45 - 45 45 35 45 40
Pd 2 1
+ 8 4
135 - 3 | | 3 2
Celkem® Pd 1 3 4
+ 16 9
100 % +v% 11,85 6,66
Bily rybiz’ Blanka BO, Iz. 5 ~ 5 5 5 5 5
Primus BO, Iz. 5 - 5 5 5 5 5

For 1-6 see Tab. I, "white currant

Podékovani

Za pozitivni rostliny révy vinné s ArMV dékuji ing.
G. Vanekovi, CSc. z UEEE SAV Ivanka pri Dunaji
aing. Kozelské z VSUZ Olomouc za pozitivni
vzorky okurky s CMV.
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OSMA MEZINARODNI KONFERENCE
O VIROVYCH CHOROBACH ZELENINY

EIGHTH INTERNATIONAL CONFERENCE
ON VIRUS DISEASES OF VEGETABLES

Konferenci pofdda evropskd skupina pro vyzkum vird zeleniny, kterd je soudasti
Mezinarodni spole¢nosti pro zahradnické védy (ISHS — International society for
Horticultural Sciences).

Konference se bude konat ve dnech 8.—15. dervence 1995 v Praze v hotelu Krystal,
Jose Martiho 2/407, Praha 6.

Konferenci zaji$tuje virologické odd&leni Odboru rostlinolékafstvi ve Vyzkumném
ustavu rostlinné vyroby v Praze 6-Ruzyni.

Uvodni referity budou vénovény souéasnému stavu a perspektivdm p&stovéani
zeleniny v Ceské republice a rozsifeni fytovirii na jejim tzemi. Dal3f referity budou
pojedndvat o biotechnologiich uplatnénych pfi vyzkumu vird, o charakteristice vira

a jejich kmend, o imunologickych metodach diagnézy, o vyznamnych otézkich
epidemiologie a ochrany zeleniny vii¢i hospodéisky dileZitym virim.

Konference se zdcastni asi 70 zahrani¢nich odbornikl z evropskych stitd, z Izraele
a USA. Utastnicky poplatek je 160 DM. Z konference bude vydan sbornik
pfednesenych referatd.
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RECENZE

DACHBEGRUNUNG

OZELENOVANI STRECH

K. H. Hirtl

Naturbuchverlag 1994. 96 s. 90 barevnych fotografii, kreseb a tab.

Ozelefiovéni stfech se stalo vyznamnym pfedev§im
pro mésta. Zelené stfechy vyrovndvaji ztritu zelenych
ploch se stromy a kefi, zlepSuji mikroklima a zkvalit-
fiujf Zivotn{ podminky pro lidi i pro zvifata.

Kniha je vlastn€ radcem. Jejim t&éZiSt€m nejsou vel-
ké stfesni zahrady noblesnich modernich budov, ty zi-
stdvaji oéim pé&Sich vétSinou skryty. Autor se zaméfuje
spiSe na malé plochy, které si miiZe jednotlivec ozelenit
s nizkym nédkladem a vlastnimi silami. ZkraSleni si za-
slouZi zejména stfe3ni plochy, které jsou v ohnisku vi-
ditelnosti a poutaji proto pozornost kolemjdoucich.
Viesovidtn{ zahradou, kterd se snadno urZuje, se miiZe
bouda na nafad{ zménit na okrasny prvek, panelovou
gardZ muZe zase prerustat skalka s alpinkami, kontejner
na odpad se dd zakryt porostem pnouciho bfedfanu
apod. Viechny dileZité aspekty — od nosnosti stfechy

FUCHSIENATLAS

ATLAS FUCHSII

M. Nijhuis

a7z k praktickym stavebnim postupiim, od riznych
substratl aZ k sdzenf a pé¢i o vhodn& vybrané rostli-
ny — jsou v knize rozebrany prakticky, podrobné a na-
zorné. Konkrétni piiklady byly vZdy vybirdny s ohle-
dem na to, aby se daly dspé&$né realizovat — vSechno
ostatni by totiZ vybo€ovalo z rozumnych hranic budo-
véni vlastnimi silami.

Tato praktickd kniha se vedle bohatosti informaci
a podnéntnych barevnych fotografii vyznacuje i pii-
kladné pfijatelnou cenou. Uzaviraji ji prehledy, adresy
a udaje o dodavatelskych zdrojich. Urcena je pro za-
hrddkafe, majitele domd a ndjemce, pro zahradniky,
Skolkate a pro obchod se zahradnickymi potfebami.

Recenze zpracovdna podle Gartenbauwirtschaft, 49,
1994, &. 21, s. 11.

Doc. Eva Pekdrkovd, CSc.

Gottmer, Ulmer Verlag, 1994. 175 s. 1 000 barevnych fotografii. Preklad z holandstiny do némdiny.

Atlas s bohatstvim barevnych fotografif a kratkych
pfesnych popisi ddvad pfehled o $ifi $lecht&ni tohoto
druhu a je pomiickou pro pozndvani jednotlivych od-
rid. Obrazové &4st pfedstavuje odridy sefazené v po-
fadi 1-1 000 podle barev. Vynik4 tu barevnd riiznotvar-
nost fuchsif od bilé pfes riiZovou a &ervenou a%
k fialové a oranZové. V nésledujicim textovém oddilu
jsou odriidy sefazeny podle ndzvi a jsou popsény jejich
hlavni znaky a vlastnosti. Pro &tenéfe je zajimavych
55 seznamd, v nichZ jsou odridy sefazeny podle riz-
nych kritérif, napf. podle zimovzdornosti nebo nérokd
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na stanovi$t€. Z nich je moZno vycist, zda pfislusné
rostliny snaSej{ slunce, zda se hod{ do skupinovych vy-
sadeb nebo do rabat a jaké tvary jsou pro né vhodné.
Tim se zdjemci usnadiiuje vybér odrud, ale také umoz-
fiuje cilevédomé rozsifovani odridovych sbirek. Kniha
je velmi cennym privodcem odridovym bohatstvim
jak pro pokrocilé péstitele fuchsif, tak i pro zacate¢ni-
ky.

Recenze zpracovdna podle Gartenbauwirtschaft, 49,
1994, ¢&. 21, s. 11.

Doc. Eva Pekdarkova, CSc.
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EVALUATION OF THE CHARACTERISTICS

OF SUBCLONES OF VELKOPAVLOVICKA APRICOT
CULTIVAR AT THE ONSET OF COMMERCIAL
PRODUCTIVITY

HODNOCENI VLASTNOSTI SUBKLONU ODRUDY MERUNEK
VELKOPAVLOVICKA V OBDOBI NASTUPU DO PLODNOSTI

Z. Vachun

Horticultural Faculty of the Mendel University of Agriculture and Forestry at Brno,
Lednice na Moravé, Czech Republic

ABSTRACT: The Velkopavlovickd variety has been one of the most frequently grown apricot cultivars in the Czech
Republic. Clone selection has been performed in this variety for a long time as part of maintenance breeding. Subclones
evaluated in this paper have been produced by individual selection from the clones of the first cycle of clone selection,
representing a very uniform group with small variations in the phenophases of blossoming and ripening. Blossom buds
confirmed large sensitivity to frost in the postdormancy period. This is the reason why the first crops were low. An earlier
onset of productivity was observed in the control clone LE-12/2. Quantitative characteristics of fruits and stones can be used
for clone description. There was not any significant correlation between productivity, time of blossoming, fruit ripening and
decline of blossom buds. The correlation coefficients ranged from r = 0.15 to r = 0.34. Fruit weight was in a highly significant
correlation with fruit height, width and thickness, as well as with flesh thickness and refractometric dry matter content. The
values of correlation coefficients ranged from r = 0.48"* to r = 0.82**. Stone weight was in a highly significant correlation
with stone width and thickness and stone percentage out of fruit weight. The value of correlation coefficients ranged from r
=0.41** to r = 0.73"*. The growth of subclones produced from less vigorous clones was slower than that of subclones coming
from more vigorously growing clones (difference up to 15%; Tab. II). The results indicate an opportunity for selection of
larger-fruited clones. The evaluation of subclones will be in progress.

apricot; clones; subclones; growth vigor; phenophases; fruit and stone characteristics; correlations

ABSTRAKT: Subklony odriidy merunék Velkopavlovickd tvoii znaéné uniformni skupinu s malymi rozdily ve fenofézi
kvetenf a zrédnf. Jsou citlivé na dhyn kvétnich pupeni po mrazovém po3kozen{ v postdormanci. I z tohoto diivodu byly prvn{
sklizné malé (do 5 kg na strom). Rychlejsi ndstup do plodnosti mél kontrolni klon LE-12/2. Mezi plodnosti, dobou kveten{
a zrani a Ghynem kvétnich pupeni v rdmci sledovaného souboru nebyla zjiiténa pritkazna korelace (r = 0,15 az r = -0,34).
Vysoce pritkazné kladné korela¢ni koeficienty viak byly zjistény mezi hmotnosti plodu, vyskou, $itkou a tloustkou plodu,
ale i tloustkou duZniny a refraktometrickou susinou (r = 0,48** a% r = 0,82*"). Vysoce priikazn4 kladn4 korelace byla zji§téna
rovnéZ mezi hmotnosti pecky a jeji $itkou, vySkou a tloustkou, ale i mezi hmotnosti pecky a procentnim podflem pecky
z hmotnosti plodu (r= 0,41 a% r = 0,73*). Kvantitativnf znaky plodu a pecky mohou byt vyuZity k charakteristice subklond.
Subklony vzniklé ze slabé&ji rostoucich kloni rostly slabé&ji nez subklony z bujnéji rostoucich kloni (rozdil aZz o 15 %). Klon
LE-103 mél o 16,2 % vys§{ primérnou hmotnost plodu a zdroven vyssi refraktometrickou susinu nez kontrola.

merurika; klony; subklony; vzristnost; fenofdze; parametry plodu a pecky; korelaéni vztahy

10°%0)))

Cilem prdce bylo zhodnotit subklony vzniklé indivi-
dudlnim vybérem z klont prvniho cyklu klonové selek-
ce u odriidy Velkopavlovickd a srovnat jejich vlastnosti
s kontrolnim klonem Velkopavlovickd LE-12/2 v ob-
dobi ndstupu do hospodafsky vyznamné plodnosti.

Vyznam a posldni klonové selekce u ovocnych dfe-
vin uvad{ podrobné Dvofdk aj. (1982). S dspéchem
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byla uplatiiovdna klonova selekce uZ v minulosti, napf.
u jabloni (Rosati a Faedi, 1975), u broskvoni
(Bernhard aj., 1966) i u merundk (Paunovid&,
1985; Vachiin, 1978-1979, 1992; Cirami aj.,
1992). Badenes (1993) studoval kvantitativni
a kvalitativnf znaky klonti merunék. Uvadi, Ze na rozdil
od kvalitativnich znaki fada kvantitativnich znakd m4
vyznam i pro rozliSeni klont. Nejdéle je klonova selek-
ce uplatiiovdna ve vinohradnictvi, kde byly vybrény
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v nékterych pripadech jiZ klony z kloni. Takové klony
je snaha oznacovat jako superklony nebo subklony
(Hubdckova, 1987). Ndzev subklon ve stejném
smyslu je pouZivan i v predloZené prdci. Klonovd se-
lekce u nejvyznamnéjSich odrid by méla mit trvaly
charakter, ponévadZ vykonnost klonl miiZe klesat a po
15 letech nenf u Zddného klonu moZné o&ekédvat ptivod-

nf vykonnost (Pospi§ilovd, 1978).

MATERIAL A METODY

Hodnocené subklony a kontrolni klon odridy Vel-
kopavlovickd byly vysazeny v roce 1989 na podnoZi
merufikovy semend¢ v pokusném aredlu Zahradnické
fakulty MZLU Brno v Lednici na Moravé v jednom
opakovéni po péti stromech. Péstitelsky tvar byl Ctvrt-
kmen s dutou korunou, spon 6 x 2 m. Ve vysadbé byl
prov4dén jednotny systém fezu, ochrany a oSetfenf pli-
dy. Vy$38f hustota v faddch je zdivodnéna tim, Ze jde
o stani¢nf zkousku s kratkodobym trvdnim hodnoceni
(do péti plnohodnotnych sklizni). Z této stani¢ni zkous-
ky jsou v piispévku vyhodnoceny pouze subklony
LE-111, LE-126, LE-103, LE-118 a klon LE-12/2.
Klon LE-12/2 byl vybran ve druhém cyklu klonové
selekce, je zapsdn v Listin€ povolenych odrid a v po-
kusu je kontrolou. Ostatni klony jsou individudlnimi
selekcemi z plivodnich klon@ prvniho cyklu. LE-111 je
subklon z klonu LE-7/1, LE-126 je subklon z klonu
LE-11/1, LE-118 je subklon z piivodniho klonu
LE-10/1 a LE-103 je subklon z pavodniho klonu LE-6/1.
Klonovi selekce prvniho cyklu probéhla v letech 1969
az 1978. Subklony vznikly na zdkladé individudlni se-
lekce v letech 1980 aZ 1986. Stalo se tak po rozmno-
Zeni typického jedince z jednotlivych klonli po péti
stromech. Individudlnim vybérem z nich byli ziskéni
jedinci s vy33i plodnosti a nadprimérnou velikost{ plo-
di. Tito po rozotkovan{ a vysadb& opét po péti rostli-
néch se stali pfedmétem hodnoceni jako subklony.

Pro klonovou selekci bylo pouZito metodiky udrZo-
vaciho $lechténi ovocnych plodin (Dvofdk aj.,
1992). K vlastnimu hodnoceni jednotlivych vlastnosti
bylo pouZito metodiky hodnocenf pro vybér nejvhod-
néjSich odrdd a hybridd (Vachin a Krika,
1991). V tabulkdch uvadéné vysledné ddaje jsou pri-
mérem z obdobf tif let. Pocet pozorovani (n) pro jed-
notlivé vlastnosti se pohybuje za tifleté obdobi od 35
do 44. Vlastnosti plodii byly zji§tovany u jednotlivych
stromd zmé&fenim prim&rného plodu ze vzorku péti
plodd. Obvod kmene je reprezentovdn hodnotou v mm
naméfenou v poslednim roce pozorovéni po skon&eni
vegetace.

VYSLEDKY
Sledovany soubor ¢tyf subklonii a kontrolniho klonu

odridy Velkopavlovickd je charakterizovan rozdilnymi
fenologickymi projevy a rozdilnou plodnosti. Fenoféze
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zaldtek kveteni za sledované tifleté obdobi se lis{
v priméru nejvice o jeden den. Fenofédze za¢étek skliz-
nové zralosti se li§i maximdlné o t¥i dny. Absolutni
hodnoty skliznf jsou relativné nizké nejen proto, Ze jde
o obdobi vstupu stromi do hospodaisky vyznamné
plodnosti, ale i z diivodu mimofddn& nepfiznivého pri-
b&hu teplot po skonéeni hlubokého vegetaéniho klidu,
kdy doglo k silnému thynu kvétnich pupenti v rozmezi
72 az 88 %. Tento stupeii poskozeni jiZ vyznamné sni-
Zuje sklizné i kdyZ pak v dobé kveteni a po ném jsou
jiz podminky vcelku pfiznivé. Pfesto moZno konsta-
tovat, Ze nejrychlej$i ndstup do plodnosti i za téchto
zhorSenych podminek mél kontrolni klon Velkopavlo-
vickd LE-12/2.

Mezi za¢dtkem kveteni a zaCdtkem skliziiové zralos-
ti sledovaného souboru nebyla zji§téna prikaznd kore-
lace (r = 0, 14) stejné jako mezi zacdtkem kveteni
a hmotnosti sklizné (r = -0,34). RovnéZ mezi zaldtkem
kveteni a procentem dhynu kvé&tnich pupenti nebyla
pritkaznd zdvislost (r = 0,15). Piesto, Ze u kontrolniho
klonu LE-12/2 byl tihyn kvétnich pupenii z celého sou-
boru nejvyssi, byl tento klon schopen udrZet nejvice
plodi a tedy i nejvy3si sklizefi v obdobi vstupu do
plodnosti (obdobi riistu a plodnosti podle Sitta).

Subklony LE-126 a LE-118 rostly slab&ji nez
LE-111 a LE-103. Posledni dva byly vzruastnosti srov-
natelné s klonem LE-12/2 (tab. I a II).

Po tii roky byly rovnéZ sledovédny vybrané vlastnosti
plodl jednotlivych subklonti a kontrolniho klonu LE-
12/2. Primérnd hmotnost plodi byla od 60 do 69 g
(tab. IIT). S touto vlastnosti vyznamné korelovaly ostat-
ni vlastnosti plodu (vyska: r = 0,79** (n = 43), sitka:
r= 082" (n = 43), tloustka: r = 048" (n = 43)
a refraktometrickd suSina: r = 0,80 (n = 41). Primér-
né hodnoty refraktometrické susiny jednotlivych ¢lent
souboru se pohybovaly od 13,9 do 15 %, maximaln{
rozdil u jednotlivych plodi byl od 10 do 19 %.

Subklony LE-111 a LE-103 mély nejvétsi plody,
klon LE-12/2 a zbyvajici subklony LE-118 a LE-126
mély hmotnost plodt niZ3{ a pfibliZné na stejné trovni.
Subklon LE-103 pfevySoval hmotnosti plodu kontrolu
0 16,2 % a zdroverni mél i nejvyssi refraktometrickou
suinu.

Kvantitativni znaky pecky (hmotnost, vyska, Sitka,
tloustka pecky a procentni podil pecky na hmotnosti
plodu) byly u jednotlivych subkloni a kontroly rozdil-
né (tab. IV). Prim&rnd hmotnost pecky se pohybovala
vrozmez{ od 3,19 do 4,22 g. S touto vlastnosti vyznam-
né korelovaly ostatni vlastnosti pecky (vyska: r = 0,73**
(n=37), $itka: r = 0,45** (n = 35), tloustka: r = 0,46**
(n = 35) a procentni podil pecky z plodu: r = 0,41**
(n = 44). :

DISKUSE
Byla potvrzena zkuSenost z pfedchozich cykld klo-

nové selekce (Vachtn, 1992), Ze 1ze u merungk
klonovou selekei ziskat i po vyloudeni pfitomnosti
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I. Vybrané vlastnosti subklond a kontrolnfho klonu odriidy Velkopavlovické v letech 1992-1994 — Some characteristics of subclones and

control clone in the Velkopavlovick4 cultivar in 1992-1994

Odrddal Rok? Ob\«ain lr:;lené Zaé?éa:‘lt(u :)e:enf suiz(%:fgtﬁémsﬁ ({g';’s‘t’;‘o";‘)s Pm?:zgﬁﬁna
atum

1992 10,04 13,07 0,5

LE-111 1993 21,04 14,07 1,0 74,7
1994 3350 30,03 13,07 3.5 88,0

Primér® 335,0 10,04 13,07 1,7 80,4
1992 10,04 12,07 0,7

LE-126 1993 19,04 16,07 21 52,0
1994 2925 02,04 17,07 0,6 92,0

Primér 2925 10,04 15,07 1,2 72,0
1992 10,04 12,07 04

LE-103 1993 20,04 16,07 0,5 56,0
1994 3350 30,03 12,07 2,8 90,0

Priimér 335,0 09,04 13,07 1,2 73,0
1992 10,04 12,07 2,5

LE-118 1993 19,04 14,07 0,4 61,0
1994 300,0 30,03 17,07 23 85,0

Priimér 300,0 09,04 14,07 1,7 73,2
1992 10,04 14,07 1S

LE-12/2 1993 19,04 19,07 0,4 91,0
1994 327,5 31,03 16,07 5,0 85,0

Primér 327,5 09,04 15,01 23 88,0

'cultivar, 2yem’. 3stem girth, “onset of blossoming (date), Sonset of harvest ripeness (date), “productivity (kg/tree), "frost injury to buds,

average

1. Vzristnost subklont a kloni odridy Velkopavlovické podle ob-
vodu kmene. Méfeno na konci vegetace — Growth vigor of subclones
and clones of the Velkopavlovickd cultivar according to stem girth
(measured at the end of the growing season)

Subklon a klon! Obvtz(lin:(nr;nenez Vzn;lgbu)losﬁ
LE-12/2 327,0 100,0
LE-111 335,0 102,4
LE-103 335,0 102,4
LE-118 300,0 91,7
LE-126 292,5 89,3

'subclone and clone, 2stem, 3gmwlh vigor

hospodéisky vyznamnych viréz slabé&ji rostouci klony.
Ve vzristnosti bylo moZné srovnat tddaje o piivodnich
vychozich klonech prvniho cyklu (Vachin, 1992))
s tidaji ziskanymi u subklonti. Ve vzrlistnosti se chova-
ly subklony podobné jako piivodni klony, z nichZ byly
vybrany. Subklony LE-111 a LE-103 byly az o 15 %
vzristnéj$i neZz subklony LE-126 a LE-118. Stejné tak
tomu bylo u piivodnich klonii LE-7/1 a LE-6/1 ve srov-
nani s klony LE-10/1 a LE-11/1, z nichZ subklony
vznikly.

Kvantitativné vyjddiené znaky plodi jednotlivych
subklonii mohou byt pouZity pro pfipadnou identifikaci
jako pomocny znak v souladu s poznatky ze zahrani¢i

I11. Priim&mé hodnoty vybranych vlastnosti plodu u subklonil a kontrolniho klonu odriidy Velkopavlovicka za tiileté obdobi 1992-1994 — Average
values of some fruit characteristics in subclones and control clone of the Velkopavlovickd cultivar in 1992-1994

Subklon Hmotnost plodu® | Vy3ka plodu® Sitka plodu® | Tloustka plodu® Tloustka Refraktometrick4
a klon' (€3] (mm) (mm) (mm) duZniny® (mm) sudina’
LE-111 66,67 47,42 48,33 48,42 13,25 14,50
LE-126 60,56 47,22 47,89 46,22 12,67 14,56
LE-103 69,17 48,50 51,00 49,67 14,00 15,00
LE-118 62,51 47,89 48,11 47,44 12,75 14,34
LE-12/2 59,50 47,00 47,67 42,92 13,42 13,86
Primér® 63,68 47,61 48,60 46,93 13,22 14,45

'subclone and clone, *fruit weight, *fruit height, *fruit width, *fruit thickness, *flesh thickness, "refractometric dry matter content,

Yaverage
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IV. Prim&mé hodnoty vybranych vlastnost{ pecky subkloni a kontrolniho klonu odriidy Velkopavlovické za obdobi 1992-1994 — Average
values of some stone characteristics in subclones and control clone of the Velkopavlovickd cultivar in 1992-1994

Subklon Hmotnost pecky? | Podil pecky z plodu® Vyska pecky? Sitka pecky’ Tloustka pecky®
a klon' (8) (%) (mm) (mm) (mm)
LE-111 4,22 6,25 29,00 23,50 12,00
LE-126 3,64 5,98 28,75 22,28 12,17
LE-103 3,35 5,20 27,00 21,67 12,00
LE-118 3,19 6,05 26,90 20,90 11,60
LE-12/2 3,48 5,52 29,00 24,25 12,17
Primér’ 3,58 5,80 28,13 22,60 11,99
'subclone and clone, %stone weight, 3stone percentage out of fruit, 4stone height, Sstone width, %stone thickness, 7average

(Badenes, 1993). Vyznamnym zji§tdnim pro dald{
obdobf hodnocenf{ je prokdzdna moZnost vybéru klond
s vét¥fmi plody a niZ§fm procentem hmotnostniho po-
dilu pecky. Z tohoto hlediska je nejzajimavéjsi klon
LE-103 pfevysujici hmotnosti plodu kontrolu o 16,2 %
a majici zdroveii ze vSech hodnocenych subklonii nej-
vys§i refraktometrickou suSinu.

Rozdily v dobé& kveteni mezi subklony a kontrolnim
klonem nejsou velké, ale mohou byt uZite¢né pfi zhor-
Senych podminkdch odkvétu, kdy zabezpe&ujf jistou
postupnost kveteni v rdmci jedné odrudy.

Vybrané subklony za sledované obdobi neprokézaly
vy3§i plodnost neZ kontroln{ klon LE-12/2. Byla potvr-
zena vysokd citlivost vech klont odriidy Velkopav-
lovick4 k dhynu kvétnich pupent pfi nepfiznivych tep-
lotnich podminkdch v postdormanci. Malé rozdily
v zaédtku skliziiové zralosti neznemoZiiuji v podstat&
jednotny systém sklizné&.
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PREHLEDY

HEAVY METALS IN URBAN SOIL COVERS. A REVIEW
COMPLETED BY PRAGUE PARK AND STREET SOIL ANALYSES

OBSAH TEZKYCH KOVU V MESTSKYCH PUDNICH POKRYVECH.
PREHLED DOPLNENY ROZBORY PUDY Z PRAZSKYCH PARKU A ULIC

J. Sucharova, I. Suchara

Research Institute of Ornamental Horticulture, Prithonice, Czech Republic

ABSTRACT: Elemental information about urban soil covers, those of the most contaminated soils by heavy metals can be
found in the introductional part of this paper. Main anthropogenous sources of metals, ways of urban soil covers contamina-
tion, space pattern of metal contents in soil covers within cities, potential harmful effects of contaminated urban soil covers
on inhabitants, biota sharing urban habitats, soil microbiology, limits of soil protecting acts and other information are
mentioned. To elucidate better the problems outlined above, some published data from the rich pool of literature have been
chosen and presented here. Tab. I provides data on contamination of typical urban soil covers measured by various methods
in different cities. In a special part own analytical data of metal concentrations along profiles of soil covers in urban parks
and in an urban forest in Prague are presented in Tabs. II and IV. Contamination of top (depth 10-15 cm) soil covers of
street tree bowls, under park turfgrasses and under woody species have been under investigation as well (Tabs. III and V).
Simple linear regression analysis was applied to the obtained data and correlations between metal concentrations and some
soil chartacteristics (clay and C,, contents and pH values) of the soil covers were computed (Tabs. VI, VII, VIII). Strong
correlation and high coefficients of determination when fitting the linear equations for the soil chemical results were found
for the most of metal concentrations and total C, in the given soil covers. Contrary, there did not appear any significant
correlation between metal concentrations and clay contents or pH values in the soil covers under investigation. Also other
types of regression functions were fitted to the data of metal concentrations and the soil cover characteristics above. Tabs.
IX and X show all combination pairs of mutual dependent variables which determined fitted regression equations at least from 25
or 56%. The number of those pairs increased with the depth of soil covers and from street soil covers through park turfgrasses soils
to soil covers under woody species, it is from the most deteriorated soil covers towards less influenced urban soil covers.

urban soil covers; heavy metals; analyses

ABSTRAKT: Piispévek v tivodni ¢4sti poddva zdkladni informace o obsazich kovii v méstskych pidnich pokryvech, jednéch
z nejvice kontaminovanych piid viibec. Uv4dgjf se hlavnf antropogennf zdroje kovii, zplisoby kontaminace méstskych pidnich
pokryvii, vertikdln{ a horizontéln{ rozloZenf obsahu kovil v piidnich pokryvech mésta, potencidln{ nepiiznivé vlivy zne&isté-
nych méstskych pidnich pokryvii na obyvatele, organismy osidlujici méstské prostfedi a piidni mikrobiologii, limity znegis-
téni v zdkonech na ochranu piid a dali{ informace. Pro lepsi osvétleni uvedenych problémi byly prevzaty ndkteré udaje
z Cetnych literdrnich pramend. Tab. I piebird publikované tidaje o zneli$téni typickych méstskych plidnich pokryvii méfené
riznymi metodami v rozliéngch méstech. Ve specidlnf &4sti jsou uvedeny vysledky vlastnich méfenf koncentraci kovil podél
profildi piidnich pokryvii v méstskych parcich a Kréském lese v Praze (tab. II a IV). Zne€i$ténf svrchnf (10-15 cm) vrstvy
pidnich pokryvil bylo také sledovédno v uli€nich stromovych miséch, pod parkovymi travniky a v pidnich pokryvech pod
dfevinami (tab. III a V). Jednoduchd regresni analyza, linedrni model, byla pouZita ke zjistén{ zdvislosti mezi koncentracemi
kovii a nékterymi pidnimi charakteristikami (obsah jilu a oxidovatelného C, hodnoty pH) uvedenych pidnich pokryvd
(tab. VI, VII, VIII). Siln4 korelaéni zdvislost a vysoké hodnoty koeficientli determinace pro linedrni rovnice aplikované na
vysledky chemickych analyz byly zji§t&ny pro vétSinu sledovanych kovii a obsah C, v danych piidnich pokryvech. Naopak,
nebyla zji§téna vyznamnd korelace mezi koncentracemi kovii a obsahem jflu, nebo pH hodnotami ve sledovanych piidnich
pokryvech. Byly zkouseny i alternativni typy regresnich rovnic pro hodnoty koncentraci kovii a piidn{ charakteristiky. Tab. IX
a X ukazuje vSechny kombina¢ni pary sledovanych proménnych u nichZ alespoii 25 nebo 56 % variability zdvisle proménné
bylo vysvétleno pouZitim uvedené regresni rovnice. Pocet takovych pard vzristal s hloubkou pidniho pokryvu a od ulice
pres plidy parkovych travnikli po piidni pokryvy pod dfevinami, tedy od nejvice narusenych piidnich pokryvi po antropicky
méné ovlivnéné méstské plidni pokryvy.

méstské pidni pokryvy; téZké kovy; rozbory
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INTRODUCTION

Knowledge of contamination levels of heavy metals
in urban soil covers is important in consideration of
health risk assessment, potential adverse effects at bio-
logy of soil cover itself, danger for biota sharing eco-
system of urban vegetational areas etc.

More than 50% of human population lives or works
in large industrial agglomerations. During work, rec-
reational or leisure activities some unconscious inges-
tion of contaminated urban soil and dust may occur
when one contacts urban soil covers. Soiled fingers-to-
-mouth way represents the most common input of
heavy metals into children playing in an urban environ-
ment. Zimova (1988) gave a list of 7 types of links
between contaminated soil covers and people.

Though urban soil covers are not considered for crop
production, there are usually present, some gardens,
orchards or fields within cities. Crops entering food
chains may be polluted by urban dust and soil particles
or contaminated internally by accumulaton of accepted
heavy metals. Finally, potential mutation and phyto-
toxic effects of heavy metals have been reported.

However, in spite of the threads mentioned above only
little concern has been voiced regarding contamination of
urban soil covers by heavy metals. Mainly Pb, lately Cd
and several few heavy metals in urban soil covers were
under investigation, while other metals and their synergis-
tic actions in the complexity are being usually ignored.
The aim of the paper is to review the topic and present
analytical data of chosen soil covers from Prague.

SOURCES OF HEAVY METALS IN URBAN
ENVIRONMENT

Thornton (1991) distinguished the following six
sources of heavy metals contamination in an urban en-
vironment: household activities, waste disposal, trans-
port, metalliferous mining and smelting, manufactury
industries, and scrap yards. Let us mention the 4 out-
standing ones at least.

1. Dwellings and their accessories

Weathering of metal parts such as roofs, gutters,
banisters, fence networks, noble alloy knobs or scaf-
folding, gates etc. these are the immediate sources of
heavy metals for soil covers surrounding such dwell-
ings. What is more, the metallic parts, as a rule, are
painted by anticorrosive paints which may contain Pb,
Cr, Zn, Cu etc. In some residential areas wooden
houses used to be painted by lead-based paints prior
regulations of their use were accepted (Krueger and
Dugvay, 1989). Chips of such a weathering home
coat may be significant Pb source for garden soil covers
around the house foundations.
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2. Urban traffic

Concentrated automobile traffic in cities has become
the marked source of metals such as Pb, Cd, Zn, V, Ni,
Cu, Cr, Pt, Pd etc.

Pb contamination dominates where leaded petrol is
used. When alternative Mn-base additives (MMT) to
petrol is added, levels of Mn contamination are related
with traffic density (Loranger et al.,, 1994). Metals
come from original fuels, fuel’s and oil’s additives,
metallic car parts, paints, catalyzators, etc. Particles
carrying heavy metals in emitted exhaust fumes are
very fine (primary mode) and mobile. They electrostati-
cally or chemically gather each other or join with fine
soil particles successive creating coarse sedimenting
particles. Other coarse particles containing heavy me-

tals arise by abrasion of friction parts of cars or road

surface, weathering of paints and corrosion of metals
etc. (Sanika et al., 1994). Particles which were not
trapped on soil cover surface or vegetation are repeat-
edly fanned up (resuspensation) by passing cars being
kept in street canyons for a long time (Nicholson
and Nranson, 1990). In winter when road spread-
ings (ash, slag, sand) and de-icing salts with Zn-based
anticorrosive additives are used, Zn, Cd, Ni, Fe, Cu and
many other metals may get onto soil covers adjacent to
the urban roads.

3. Manufacture industrial sources

Due to burning enormous quantity of fossile fuels in
fire places, industrial works produce flying and sedi-
menting dust particles, soot, ash and slag matter con-
taining metals and metalloides such as As, Se, Zn, Cd,
Pb etc. Running of smelter and chemical works, leather
industry, printing houses, painting works, light fillings
workshops, incinerators, crematoria etc. within cities
may release metals and other special pollutants into
urban environment.

It should be mentioned that so called “heat island*
phenomenon can modify urban atmospheric movement.
When the weather is calm and sunny, there sets up over
a city a self-contained circulation pattern known as
a hase hood from which flying particles containing
heavy metals can not escape (Padmanabhamurty
and Hirt, 1974).

Finally, particulate heavy metals can be transported
for a long distance from far industrial sources when
a city is situated downwind the industrial areas.

4. Parent substrates of soil covers
Urban soil covers develop on man-made parent sub-
strates which have great vertical and spatial variability

not only in physical and chemical properties but in
potential heavy metal contents as well.
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WAYS OF URBAN SOIL COVERS
CONTAMINATION

As outlined above, the most important way of all-
-urban soil covers contamination is atmospheric heavy
metals deposition within the city. Sedimenting or
washed out particles carrying metals and metals in the
form of dissolved salts in rain water reach urban soil
surface (dry and wet deposition).

Speed of heavy metals dry deposition is a function
of particle size, mass medium diameters (MMD). E.g.
Milford and Davidson (1985) reviewed particle
size distribution for 3¥ trace elements reported in the
literature. They showed that volatile elements emitted
into the atmosphere are associated rather with submi-
cron particles, while less volatile elements with larger
particles. In urban environment the particles tend to
have the most mass associated with larger particles
compared in contrast to non-urban particle size spectra.
McDonald and Duncan (1979) reported associa-
tion of individual metals with particles of similar size
categories. As, Cr, Cu, Zn, V containing atmospheric
particles are assumed to have small MMD, contrary Sr,
Hg, Al, Fe etc. are associated with particles of bigger
MMD. The greater MMD the faster deposition of heavy
metal carriers.

Several studies have been published on element con-
tents of urban dusts and dirts (Solomon and Hart-
fort, 1976; Harrison, 1979; Biggins and
Harrison, 1980; Thornton et al., 1985; Asa-
mi, 1989; Harrop et al,, 1990 and others). E.g.
Hopke et al. (1980) reported that typical street dust
was composed from soil particles (76%), abrased tyre
particles (7.2%), cement (5%), automobile exhaust par-
ticles (1.1%) and salts (0.3%). There was found in-
creased concentrations of at least 35 elements in the
dust. The respective chosen fractions of individual
metals expressed as a percentage of the total quantity
of Pb, Zn, Cu, and Cd were found to be for exchange-
able forms (1M ammonium acetate extract) 13, 10, 11,
and 27%, for organic forms (HNO; + H,0,) 14, 16,
43, and 22% and for soluble resistant forms (aqua regia
+ HF) 13, 26, 31, and 16% in urban dirt (Gibson and
Farmer, 1984). Akhter and Madany (1993)
gave a table comparing a range of Pb, Zn, Cd, Ni, and
Cr contents in urban dust as published from some ci-
ties. Ratio of concentrations of participated elements in
the urban dust may reveal origin (source) of urban dust
at a locality. E.g. Pb/Br indicates automobile exhaust
fumes, Fe/Pb industrial sources etc. (Linton et al.,
1980). Chutke et al. (1994) gave concentration of
27 elements in urban dust particles of 4 cities in India
and found great variability of some element content in
dusts collected in commercial, industrial and residential
zones of the cities. Pattern of atmospheric heavy metal
deposition within cities is conditioned on different lo-
cation of pollution sources, variability of emission
quality and quantity, complicated air movement in ur-
banized area etc. While deposition loads of heavy me-
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tals dramatically (exponencially) decreases with the
distance from a street road, decrease of heavy metal
deposition around individual industrial sources need
not be so regular.

However, three zones according to the intensity of
heavy metals deposition can be generally distinguished
in a city. The least loaded soil cover surfaces: in sub-
urban zones, larger urban forests and parks surrounded
by woody belt barriers, moderately loaded soil sur-
faces: in villa catchments and non-industrial parts of
a city, and finally heavily loaded areas: in a city centre,
in industrial zones of a city and in the vicinity of roads.
E.g. Bachmann-Steiner and Hofer (1985)
documented different Pb and Cd deposition loads in
such zones within the city of Ziirich. Hedges and
Wren (1987), however, revealed neither significant
pattern of Fe, Pb, Zn, Cu, Ni, and Cd month deposition
rates within Chelmsleys Wood estate catchment nor
correlation between deposition rate and place location
and nor relationships between heavy metals deposition
and meteorological conditions. Revitt et al. (1990)
measured contribution of motor vehicles exhausts to
airborne, street sediment and stream water levels of
metals and pathways of the metals in typical street en-
vironment of a residential area of Chilwell Gardens on
London’s outskirts.

Metals may come in urban soil covers by other ways
such as burying or storing municipal and industrial
wastes, fertilization by sewage sludges and mineral fer-
tilizers, deposition of urban river sediments, irrigation
by river water, application of metals containing pesti-
cides, accidental leaks of metal based matters etc.
These are less common and hence they are behind the
interest of the paper.

PATTERN OF URBAN SOIL COVERS
CONTAMINATION

Deposited forms of heavy metals on soil surfaces are
affected by given properties of the soil cover. It is evi-
dent that on the soil surface heavy metals are precipi-
tated into carbonates, phosphates or sulphates, ad-
sorbed at clay particles, chelated by soil organic
matters (Cu > Pb >> Ni > Cd > Zn), interact with
hydrated Fe, Mn, Al oxides according to the actual soil
pH (Cd < Ni < Zn << Cu < Pb) etc. In general decreas-
ing of pH values in a soil cover increases movement of
heavy metals in the soil profile (Cd > Zn > Ni >> Cu > Pb).
Though information concerning behaviour of heavy
metals in urban soil covers is very limited one can
suppose due to properties of urban soil covers that e.g.
Zn, Cd and Pb may occur predominantly in carbonate
(EDTA extractable) forms, Cu in organic compounds
(NaOH extractable), and Ni in sulfide (HNO;3 ex-
tractable) forms. Using of various extractants, analy-
tical procedures and presentation of analytical results
without proper description of analytical conditions
make impossible comparison and generalization of
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published data. E.g. Sauerbeck and Rietz
(1982) tested 25 extractants frequently used for extrac-
tion of soil heavy metals. Ryglewicz (1988) gave
then a table for mutual conversion of analytical results
obtained by several different soil extractants. When
concentrations of heavy metals in urban soil covers
have log-normal distribution, than geometric mean is
a better indicator of average concentration than arith-
metical mean (Culbard et al., 1988). Both mean
values should be distinguished properly, because they
may markedly differ from each other.

However, published data show that concentration of
metals in urban soil covers copy the presumptive pat-
tern of atmospheric heavy metal deposition, ignoring
small area irregularities caused by mentioned other
than atmospheric sources of soil contamination. E.g.
Komai (1981) reported that contamination of soil
covers by Zn, Cr and Mn had the same distribution as
zones of SO, and dust fall within cities. The higher
contamination by Zn the higher Zn-soluble/Zn-total ra-
tio appears in soil covers. Mielke (1991) found pro-
portionality between average concentration of Pb in ur-
ban soil covers and a city size (population density).

When isolines of metal concentrations in soil covers
within a city area are drawn then it is evident that the
highest contaminations occur in the city centre and in
industrial zones, ports etc. (Czarnowska, 1976,
1978; Czarnowska, et al., 1983; Umweltbe-
horde Hamburg, 1985; Czarnowska and
Walczak, 1988; Gibson and Farmer, 1988;
Pfeiffer et al.,, 1988; Kenneth and Lutz,
1993). Pouyat and McDonnell (1991) meas-
ured decreasing content and concentration of seven
metal cations in soils and forest floors along urban
(New York City)-rural land using a gradient of the
length of 140 km. Total content values (soil plus forest
floor metal contents), as opposed to forest floor content
values alone, were more representative for estimating
the deposition patterns along the transect.

At a mesoscale level urban soil covers are most af-
fected by heavy metals contamination in the vicinity of
roads, industrial objects and older dwellings. Distribu-
tion of heavy metal concentrations in street soil covers
was frequently under investigation (Cool et al., 1980;
Hentschel, 1983; Warren and Birch, 1987
and many others). Tam et al. (1987) found close cor-
relation between traffic volume and contents of 7 me-
tals in top-soils, dusts and Bauhina leaves of 13 parks
closed urban roads. Applications of de-icing salts to
roads not only contaminate soil covers by metals but
may induce mobility of heavy metals in a soil cover
either by their desorption from the exchange complex
or suspensation of colloidal particles carying metals
and their shift in depth. Use of recent alternative Ca.Mg
acetate de-icing salts should be less risky for the envi-
ronment (Amrhein and Strong, 1990; Amer-
hein et al., 1993). Also potential protective effects of
vegetational barriers of wooden species planted along
street sides against metal contamination are sometimes
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disscussed (Czarnowska and Konecka-Bet-
ley, 1984; Desaules, 1992; Lebel et al., 1992).
Francek (1992), Francek et al. (1994) reported
on increased Pb concentrations in garden soil covers
around foundations of older houses painted by minium.

As far as vertical distribution of metals along soil
cover profiles is concerned decreasing metal concentra-
tions with the soil depth is abundantly described
(Hollwarth etal., 1985; Lux, 1986). E.g. Czar-
nowska (1980) found the highest index of contami-
nation for 9 metals in the top layer along profiles of
Warsaw’s soil covers. Participation of soluble forms of
the metals in the top layer decreased in the row Zn >
Pb > Cu. In contrast, however, Lichtfuss and
Neumann (1982) showed that concentration of met-
als in urban soil covers need not decrease with the soil
depth due to the variability in contamination of anthro-
pogenous parent substrates forming urban soil covers.

To document actual of above mentioned factors af-
fecting analytical data of urban soil cover contamina-
tion Tab. I was constructed. Chosen data show concen-
trations of heavy metals in soil covers of typical urban
areas in cities of different size, differences in used
methods, statistics etc.

POTENTIAL HARMFUL EFFECTS OF HEAVY
METALS

Contaminated urban soil covers stress soil microor-
ganisms, aboveground plant and animal biota sharing
urban vegetational areas.

Bacterial population density, diversity and activity
were observed in heavy metals contaminated substrates
usually under experimental conditions and in sewage
sludge amended soils. Metal toxicity decreases in the
row Hg > Cd > Cu > Ni > Co > Zn, soluble metal salts
are more toxic than little soluble joints and gram posi-
tive bacteria are more tolerant and adaptable to metal
stress than gram negative bacteria (Nordgren etal.,
1983; Stadelmann et al,, 1984; Badura et al,,
1987). Nevertheless, Duxbury and Bicknell
(1983) observed multiple metal tolerant populations of
bacteria not only in contaminated but clean soil covers
as well. Zukowska-Wieszczek (1980) meas-
ured microbial enzyme activities in soil covers in War-
saw and found higher activities in urban parkland soil
covers than under grassy belts along streets. Changes
in microbial biology of soil covers affected by metals
may cause disorders or an interruption of elements and
energy cyclings.

Heavy metal contamination of plants or crops as
a threat to food chains has attracted the attention of
environmentalists. Surface deposition of sedimenting
particles, soil and dust contamination of underground
or aboveground soiled plant parts, and internal accumu-
lation of metals inside plant’s bodies were studied
(Purvers and McKenzie, 1969, 1970; Little
and Wiffen, 1977, Mohamed, 1979).
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Measurements of Cu, Pb, and Zn deposition in
5 parks in Skopje city showed the greatest momentary
accumulation of the metals in soil surface layers, then
on lime trunk bark and the least at lime leave surfaces
(Mulev etal, 1992). Tong and Farrell (1991)
studied distribution of Cu and Pb in leaves of urban
forest profiles in Cincinnati. The deposition of the me-
tals on forest floor was much higher than that on the
foliage. Moreover 70% of Pb and 50% of Cu in Red
Maple leaves and 85% of Pb and 58% of Cu in Eastern
White Pine needles were readily leached by (rain) water.

Surprisingly, Hollwarth et al. (1985) did not
find any correlation between concentrations of 6 metals
in urban soil cover and in yew needles within
Darmstadt city. But there were higher concentrations of
the metals in urban yew needles than in needles from
a control forest. Davies et al. (1979) however,
found increasing Pb concentrations in both urban soil
covers and planted radish towards London’s centre and
linear model of regression analysis documented close
correlation between concentrations of soil and radish
Pb (r = 0.85**). Hentschel (1983) presented data
about increasing contamination of carrots, potatoes,
and lettuce by Pb and Cd in gardens situated along
roads in Ziirich and measured washing effect at de-
creasing of the crop contamination. Farmer (1979)
found as much as six times more Pb in black berries
near suburban roads compared to the berries grown in
a close control forest. Maximally about 0.1 mg Pb
could have been washed out from a kg of berries. Sur-
face pollution of urban vegetation seems to be the most
important form of its contamination in a city habitat.
Levels of surface contamination of frequent wild plants
within a city may be used as an alternative indicators
of heavy metal loads in urban environment (Kovdcs
et al., 1993). On the other hand Xu and Thornton
(1985) reported that in a mine city of Cornwall in six
kinds of investigated vegetables grown on highly con-
taminated soil cover (144-892 mg As/kg) As concen-
tration was not found increased in any crops, excepting
lettuce.

Some heavy metals are necessary for plant life (Cu,
Ni, Zn) but when abundantly accumulated in plant tis-
sues, they may be phytotoxic (Hewitt, 1990). Poten-
tial phytotoxicity of metal contaminated soil covers can
be tested for example by a system of morphological and
biochemical measurements on bean seedling indicators
(Vangronsveld and Clijsters, 1991). Contra-
ry, some metals and metalloides (As, Cd, Se) can be
hyperaccumulated in plants without any harmful effects
to crops themselves but they may be a hidden threat for
consumers. Commonly special mechanisms in roots
control low metals income to the plant and unwanted
quantity of metals which may get in the plant is usually
stored in roots. As urban soil covers are basic, precipi-
tated metals likely can not be accepted from the sub-
strate in higher quantities by plants.

Extremely polluted soil covers by heavy metals may
cause chromosomal mutations in plants within urban
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habitats. An onion test (Fiskesjo, 1988) can be used
to assess potential mutagenicity of the urban soil co-
VEers.

CONTROL OF URBAN SOIL COVERS
CONTAMINATION

As mentioned earlier, extreme pollution of urban
soil covers by heavy metals is a potential threat for all
urban biota. That is why control of contamination le-
vels of urban soil covers is being introduced.

To reduce potential harmful effects of contaminated
soil covers maximum limits of heavy metal concentra-
tions in soil covers were given to protect human health,
proper plant development and soil biology. Environ-
mental quality standards differ for the individual pur-
poses and according to differently estimated trigger
concentrations in individual countries. When national
limit concentrations of metals in soil covers have not
been introduced, usually Kloke’s orientation values,
DIN limits or Dutch guidelines are accepted instead of
them. E.g. British Interdepartmental Committee on the
Redevelopment and Contaminated Land (ICRCL) gave
tentative trigger concentrations of several metals which
may pose hazards to health and which are not hazard
to health but which are phytotoxic. The values were
published for soils of domestic gardens (allotments)
and public places (open space) in 1983 and updated in
1987.

When some metal concentrations in urban soil co-
vers exceed the limit value, remedial actions should
start to stabilize or decrease the hazardous concentra-
tions. Although several procedures of detoxication of
polluted soils were developed (bacterial, thermal, and
chemical cleaning, exhausting by plant accumulators
etc.) they are not widely applicated even in sophisti-
cated and rich countries. To regulate sources of heavy
metal pollution, if necessary, proper monitoring of
heavy metals deposition and levels of urban soil covers
contamination runs in some cities.

HEAVY METALS IN PRAGUE PARK AND STREET
SOIL COVERS

MATERIAL AND METHODS

Twelve soil pits (P1-P12) were dug in five public
parks and six (P13-P18) in an urban forest in Prague.
Soil samples were mainly taken from the depths of 0-5,
10-20, 40-50 and 80-85 cm. Additional top soil sam-
ples from the depth of 10-15 cm were taken from tree
bowls in 5 streets (T1-T5), under turfgrasses of 5 parks
(T6-T11) and from soil covers under tree and shrub
canopies (T12-T15). Details about location, taking
samples, physical and some chemical characteristics of
investigated soil samples were presented earlier (Su-
chara and Sucharovd, 1995).
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L. Published concentrations of heavy metals in soil covers (mg/kg) of typical localities within chosen cities

City/town Type of area di:l:ix Methods N | Value ad L s I S l g l ) I 5 | Hg? I Ma I i I i l B I e Ref
(cm) (mg/kg d.w)
Ghent urban garde; nf. [ 0.5N HNO; | nf. | am. 48 24 55 25 Alsabel and
Brussels urban gard nf. | 30 min. am. 42 300 55 55 Cottenie (1985)
Des Moines | urban lawns | 0-7.6| hot 39 [am | 147| o085 0.61 102 Gioany oL
4N HO,+ 39 | gm. 919 0.68 0.14 68
urban wastes +0.7N HCl 20 | a.m. 55 0.96 0.11 65
24 hours 20 | g.m. 3.7 0.57 0.05 38
As-9.6N HCl
Fitchburg urban lawns 7 | am. 13.0 0.18 0.44 119
7 | gm. 124 0.05 0.37 80
urban wastes 19 | am. 154 0.10 0.30 116
19 | gm. 8.2 0.05 0.26 56
Lake Charles | urban lawns 9 | am. 23 0.63 0.09 224
9 | gm. 19| 0.03 0.03 68
urban wastes 7 | am. 1.2 0.02 0.02 29
7 | gm. 1.2 0.01 0.01 19
Pittsburgh urban lawns 22 | am. 11.9 1.20 0.51 398
22 | gm. 10.1 0.79 0.38 219
urban wastes 29 | am. 17.0 1.20 0.74 480
29 | g.m. 13.4 0.71 0.53 310
Reading urban lawns 1| am. 16.4 0.11 0.11 48
urban wastes 9 | am. 15.7 0.68 0.69 1550
9 | gm. 12.7 0.29 0.32 198
Moncton streets 3.5m 0-7.5 }: gﬁt): 9 | am. 0.90 28 3230 290 240 96 Cool etal. (1980)
streets 7.0m 78 i 9 | am. 1.50 65 | 3290 280 80 64
London garden soils 0-5 ll{Ob;Q%/l hour| 579 | &m- 1.30 73 654 424 83;&’)“ rdcetial:
public garden 35 | gm. 1.00 49 294 183
L6ds whole city 0-5.0| 20% HCl 238 | range 64-436 6-650 | 16-800 | Czarnoska and
am. 189.4 557 | 1252 | Walczak (1988)
Warszaw | urban parks | 0-5 g:’s%‘: wal| 12 | am. 073 | 51| 32 31 | 10400 37 | 178 | 12 57 166 8;;0‘)“ owska
10-20 11 [ am. 0.34 35 30 26 9 360 334 1.39 8 41 108
settlement 0-5 | Fe, Mn, Mo 12 | am. 0.53 49 29 29 10 870 284 232 10 70 242
green 10-20 | colorimetry 8 | am. 0.32 4.0 29 25 10 160 307 2.16 9 45 152
streets 0-5 17 | am. 1.13 6.3 43 57 13 960 265 231 17 196 346
10-20 14 | am. 0.38 4.2 24 39 10 220 251 1.85 9 51 163
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HNO. + Czarnowska
Warszaw urban parks 0-5 | 450, + HCl| 14 |range 7-13E3 232-5600.80-2.7 and Konecka-
20Uy Betlay (1984)
am, 10 000 351 1.61
colorimetry
streets 0-5 16 | range 8-26E3 187-624| 1.3-5.5
am. 14 600 416 | 2.16
Warszaw whole city 0-20 | 20% HCl 760 | range 2-210 | 2-3150 10-1360 2-551 | 4-7100 Sz(“l;gg’)ws ka et
am, nf. 5 184 8 20
Darmstadt | inner city 0-15 ‘;}f& * 41 | am. 034 18 25 0.18 17 | 130 :}_‘5(‘1'935‘;' th et
Sakai urban parks 0-3 | x-ray fluor. 34 | range 41-300 205 990 108-1580| Komai (1981)
am. 122 470 410
Kishiwada urban parks 0-3 34 | range 31-120 188-540 55-560
am. 65 332 177
Kiel streets 0-4 | x-ray fluor. 61 | am. 31 269 18 176 150 Lichtfuss and
12-25 61 | am. 30 314 15 72 86 | Neumann (1982)
Hamburg | ok o of | 0-5 | x-ray fluor. | 162 |range | 2-980 | 20-28 18-232 | 19-2387 30-128 | 12-3074 | 16-4789 Lux (1982, 1986)
T am. | 218 | 20 95 147 63 | 218 517
gm. | 143 14 98 105 63 143 618
Manila whole city | 0-5 | x-ray fluor. | 130 |range | 1-98 |0.02-5.5 24-576 | 26-1213 0.09-1.77 4-91 | 6-3888 | 56-4115 flggg)f fer etal.
e am. 44| 057 114 99 0.26 21 | 214 440
5-15 80 | range | 1-150 [0.05-0.27 32-263 | 23-149 09-1.78 6-66 | 2-990 | 52-2404
am. 47| 019 94 79 0.22 18 | 114 276
Cu-EDTA, Purvers and
Edinburgh n.f. | Pb, Zn-Acet. 5| am. 33 2.6 39 64.5 | Mackenzie
acid (1970)
Speyer whole town n.f. | aqua regia 19 | range 0.2-0.8 3-47 5-83 0-0.57 5-43 [6.3-159| 4-395 | Rasp (1990)
Tokyo Nat. Park  [surface| n.f-AAS 7 | range 0-15.4 141-209 11-1200{ 79-1170 flggz“)g ami etal.
Bro whole town | 0-20| IM HNO; | 54 | am. 0.49 69 215 8.0 80 (slggl‘;“ ctl,
gm. 031 65 21.2 7.8 60
London urban gardens | 0-10 | 80% HNO; | 2 | am. 23 166 | 27 000 29 |3140 | 18 |JRorntes f)"d
Newcastle/T. 16 117 | 32000 27 | 1224 583
Leeds 15 104 | 31500 24 | 413 372
Stoke/Trent 0.7 39 | 29 000 17 157 225
Scunthorpe 0.2 31 7 500 41 86 289

n.f.= not found; a.m. = arithmethical mean; g.m. = geometric mean




Air dried soil samples were homogenized and sieved
to get fine earth. It was rubbed in a mortar and sieved
through a propylene sieve with a mash diameter of
0.1 mm.

The homogeneous sieved soil was shaken with 2N
HNO; (1 g : 10 ml) for 6 hours. Heavy metal concen-
trations in filtered extract were determined by AAS
(VARIAN Spectr 300). Analytical data were statisti-
cally processed by a Statgraphics programme.

RESULTS AND DISCUSSION

Tab. II shows concentration of analysed metals in
public parks and in an urban forest soil covers along
individual soil cover profiles. Content of extractable
metals in top soil covers (the depth of 10-15 cm) in
street tree bowls, under park turfgrasses and under
woody species in urban parks and the forest can be

found in Tab. III. Comparing the data in Tab. I it can
be considered that contamination of top soils in Prague
reaches the similar levels as in other cities, but different
analytical methods must be considered (Sauerbeck
and Rietz, 1982; Ryglewicz, 1988). Cihalik
(1985) presented (total) concentrations of metals in top
soil cover of some places within Prague including seve-
ral parks under this study. BeneSovéd and Bene$
(1992) published metal concentrations (1M HNOj)
along a soil cover profile in the urban forest Krésky les
in Prague. Their and here presented results are compar-
able excepting Zn, the concentrations of which were
found higher by the authors above.

Tables IV and V provide statistics (mean, geometric
mean, standard deviation) of analytical results from Ta-
bles II and III. Average metal concentrations in top soil
covers in the Prague centre are similar to those which
were published by the other authors. E.g. Leblovd
et al. (1985) found that mean concentrations of Pb, Cu,

I1. Concentrations of heavy metals (mg/kg) along soil profiles P1-P18 in public parks and in an urban forest within Prague

Prague — urban parks Prague — urban forest

P1 P B P4 PS5 P6  P7 P8 P9 PIO PI1 PI2|PI3 P14 PIS5 PI6 P17 PI8

0-5 cm 3-7 cm
Al | 3630 3410 3140 3550 3350 3370 3470 3600 3570 3180 3230 5310| 2670 3370 4050 4280 4120 4230
Cd | 1.265 0.587 0.958 0.520 1.744 0.424 0.550 0.781 2.482 2.659 0.396 0.596|0.545 0.517 0.359 0.443 0.794 0.370
Cu | 641 50.0 705 308 709 288 37.1 444 577 62.1 188 334 88 175 236 241 126 27.1
Fe | 4150 3520 3500 2880 3790 4350 4140 3820 3430 5230 4460 11020| 2140 2840 2840 4970 3110 3120
Ni 99 81 80 83 97 73 80 81 67 105 52 104 31 38 57 131 56 38
Pb | 987 684 955 576 730 552 775 850 557 483 359 556| 71.1 1139 1424 1194 147.4 747
Zn | 1362 835 151.9 602 1573 520 603 689 1034 133.1 351 49.7| 300 31.1 321 335 494 214

20-25 cm 20-25 cm
Al | 3040 2970 2800 3000 2970 3430 3150 3220 2050 2920 3050 4340| 1780 2990 2510 1140 2880 2370
Cd | 0.587 0.416 0.308 0.158 0.380 0.170 0.260 0.415 0.188 0.330 0.267 0.231]0.033 0.044 0.033 0.013 0.063 0.099
Cu | 685 469 397 20.1 421 258 304 456 104 152 137 202| 080 110 510 170 1.10 290
Fe | 4120 3110 3100 2900 2980 5250 4140 3590 1880 6540 4510 12170 1260 2570 1750 1510 3920 2180
Ni 78 74 66 50 64 79 70 73 20 77 47 81| 030 0.10 040 0.10 080 180
Pb | 1272 875 562 708 61.1 451 723 109.1 228 275 275 404 65 91 7.1 90 73 313
Zn | 940 602 487 196 507 280 303 425 112 266 292 302 27 30 18 28 48 6.1

50-55 cm 50-55 cm
Al 2330 2370 2410 2460 3190 2970 2650 2720 1610 1770 2910 3010( 1960 2590 2670 3500 3350 2150
Cd | 0.341 0.238 0.065 0.039 0.078 0.085 0.161 0.410 0.076 0.190 0.148 0.241|0.022 0.091 0.020 0.039 0.047 0.047
Cu | 698 313 146 97 139 155 194 497 373 113 65 122 150 1.00 280 390 1.80 1.90
Fe | 4140 3610 3230 2940 3710 4400 3950 3150 1700 9580 4380 6410 1000 1980 820 3220 5810 1680
Ni 74 70 68 27 40 59 59 67 11 90 44 27| 090 010 070 200 190 220
Pb | 159.1 785 278 192 295 483 38.1 1186 50 125 8.0 13.1| 330 280 3.10 7.30 10.70 9.00
Zn | 510 363 96 63 82 158 157 496 46 229 161 156| 3.60 230 060 5.10 5.10 280

80-85 cm 80-85 cm
Al | 2120 2590 1930 3220 2610 2980 1260 1950 2770 1530
Cd | 0.287 0.207 0.079 0.017 0.084 0.086 0.025 0.097 0.043 0.030
Cu 53.8 1006 114 7.4 384 127 233 4.2 4.10 1.70
Fe 3440 2870 2120 2450 4110 3910 1430 3140 2020 1050
Ni 71 712 26 1.4 57 60 13 3.0 3.30 1.80
Pb | 147.6 242.1 21.5 8.8 503 258 2.1 6.9 3.5 2.8
Zn 41.0 58.7 108.0 5.1 168 11.9 39 10.2 5.20 2.10
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Zn, Cd and Ni fluctuated in the ranges of 89-110, 40-60,
141-198, 1.27-1.89 and 9-11 mg/kg (IM HNO3) re-
spectively in the surface layer of urban soil covers in
Prague. Standard deviations reflect big variability of
metal concentrations in heterogeneous soil covers
within the city. Concentrations of the metals along the
whole park soil cover profiles were greater than in soil
covers of the urban forest. In both, park and forest soil
covers there the mean concentration of measured me-
tals evidently decreased with the depth of soil covers.
Nevertheless there were noticed some irregularities of
metal distribution patterns in several intraurban park
soil profiles (see e.g. Cu and Pb concentrations) due to
anthropogenic disturbance of urban soil cover develop-
ment. It should be supposed that the most amount of
metals deposited on the forest floor is selectively
bonded by a humus layer (A, O horizon). Elevated
concentrations of metals were recorded yet in the upper
part of A horizons (3-10 cm), while in deeper parts of
profiles metal concentrations remainded low. Urban
forest soil covers in the depth of 50 cm contained on
average 5x less Cd and Ni, 6x less Pb and Zn and 10x
less Cu than their counterparts in urban park soil co-
vers.

In investigated top soil covers the highest concen-
trations of metals, excepting Mn, were found to be in
street tree bowls. Mn elevated concentrations appeared
in soil covers under park turfgrasses. The least concen-
trations of metals were revealed in soil covers under
forest humus layer (see T14-15). There were the high-
est concentrations of metals in soil covers under woody
species comparing to the park lawns. This is probably
due to elevated C,, content in soil covers under woody
species.

The common knowledge is that metal mobilization
in soils depends on soil properties such as C and clay
contents, soil pH values etc. Simple regression analysis
was applied to recognize the relationships between
metal concentrations and individual soil properties.
Linear model was used because adsorption of metals by
soils should fit to the linear form of Langmuir adsorp-
tion equation (Kiekens, 1986). Results of the regres-
sion analysis can be seen in Tabs. VI, VII, VIIL

Strong possitive correlations were found between
C,x content and individual metal concentrations for Al,
Cd, Cu, Ni, and Zn in the urban park soil covers. Metal
concentration dependences on pH values and on the
finest park soil cover fractions were often negatively

I11. Concentrations of heavy metals (mg/kg) in street soil covers, under park turfgrasses and in soil covers under park woody species (the

depth of 10-15 cm) within Prague in 1986 and 1988

Street tree bowls
Tl T2 T3 T4 T5 T6 T7
1986 1988 | 1986 1988 | 1986 1988 | 1986 1988 | 1986 1988 1986 1988 1986 1988
Cd 0.9 0.8 27 2.5 1.2 0.8 2.2 1.5 0.7 0.9 2.1 0.7 23 1.6
Cr 6.8 73 11.0 12.0 6.4 5.1 72 59 37 4.5 11.2 55 9.9 85
Cu 31 40 252 249 157 83 118 94 15 27 109 52 373 167
Mn 337 341 311 316 250 260 279 244 172 197 270 331 240 267
Ni 10 9 14 15 8 7 12 9 4 5 11 7 10 10
Pb 49 96 255 276 250 125 149 108 35 52 481 95 388 193
Zn 146 218 303 311 147 75 380 192 208 294 663 155 534 400
Park turfgrasses

T8 T9 T10 T11 TI12 TI13
Cd 1.1 0.9 0.4 0.4 0.7 0.7 0.8 0.8 0.7 0.7 1.0 0.9
Cr 8.1 6.0 34 32 6.7 83 53 6.1 54 9.4 79 7.1
Cu 6 45 16 21 21 22 47 50 55 117 64 66
Mn 779 532 224 264 547 585 355 346 320 457 393 381
Ni 15 11 3 3 9 9 8 9 8 9 9 9
Pb 85 89 29 31 44 36 82 102 77 65 114 113
Zn 54 57 27 28 42 37 60 73 78 99 107 104

Under park and forest woody species

T14 T15 T16 T17 T18 T19 T20
Cd 0.1 0.1 0.1 0.1 0.6 0.8 1.1 0.7 03 0.3 0.7 0.6 1.0 1.1
Cr 1.7 1.6 1.6 1.7 54 5.6 4.7 7.0 26 25 45 45 6.5 6.7
Cu 1.3 1.5 1.2 13 49 78 45 68 15 10 53 52 94 115
Mn 27 58 20 47 283 304 270 362 219 150 332 292 364 375
Ni 0.7 0.8 0.8 1.0 7 8 9 8 3 3 7 7 10 12
Pb 11 10 12 13 54 74 91 74 27 18 101 93 172 215
Zn 33 4.0 3:2 3.7 73 143 106 80 24 23 91 84 144 165
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correlated and correlation coefficients were low. Also
in forest soil covers the simple linear regression
showed significant relationships between C,, content
and metal concentrations, excluding Fe. Any signifi-
cant correlation between metal concentrations and pH
values or clay content was not calculated for the urban
forest soil covers. In investigated urban top soil covers
rather random correlation was obtained for metal con-
centrations and individual characteristics of soil covers
(clay — 0.01 mm C,,, pH) as documented in Tab. VIIL
Metal deposit need not be affected by the chosen soil
cover properties noteably when binding capacity of soil
substances have already been exceeded in heavily con-
taminated urban soil covers.

Linear (1), logarithmic (L), exponential (e) and po-
wer (p) functions were fitted for the metal concentra-
tions and soil cover characteristics in simple regression
analysis as well. The best functional relationships and
maximal percentage of total variance explained by the
tested equation (R%.100) for individual pairs of corre-

lated variables can be seen in Table IX for park soil
covers and Tab. X for individual kinds of urban top soil
covers. When the coefficient of determination was
found to be high for the first fitted function then for
other fitted functions the coefficients were usually high
as well. Processed data showed a close correlation be-
tween Cd, Cu, and Zn concentrations and C,, content
along the whole profiles of park soil covers. Linear and
power functions fitted the analytical data best. Strong
correlation of mutual metal occurrence in all depths of
park soil covers was found for the following pairs of
compared metals: Cu-Cd, Zn-Cd, Pb-Cu, Zn-Ni, and
Zn-Pb. Again linear and power type of models did suit-
ably.

In all analysed types of urban top soil covers in
Prague close correlation for Mn concentration and clay
content and for Ni concentrations and C,, content was
obtained. Relationship between individual metal con-
centrations was found for Ni-Cd, Pb-Cd, Zn-Cd, Mn-Cr,
Ni-Mn, and Zn-Pb pairs in the top soil covers. Power

IV. Statistics of heavy metal concentrations (mg/kg) along soil cover profiles in parks and in an urban forest; X — arithmetical mean; g.m. =

geometric mean; s.d. — standard deviation

Parks P1-P12, n = 12
0-5 cm 20-25 cm
Al Cd Cu Fe Ni Pb Zn Al Cd Cu Fe Ni Pb Zn
x 3567.5 1.08 47.38 45242 8.35 67.20 91.0 | 30783 0309 31.55 45242 649 6229 392
gm. | 35334 0.868 4400 42409 8.20 64.61 814 |3039.2 0.287 27.27 40249 6.14 5439 342
s.d. 572.8 0798 17.70 21322 1.57 19.28 435 5163 0.125 17.33 27014 1.79 33.04 221
50-55 cm 80-85 cm
% 2533.3 0.173 2427 42667 5.30 46.48 21.0 | 23325 0.110 3148 29338 429 63.14 320
gm. | 24863 0.138 1895 39204 4.66 2845 16.1 | 2248.0 0.078 19.60 2792.7 3.54 2444 17.9
s.d. 482.7 0.117 19.26 2008.7 233 48.46  16.1 638.5 0.092 32.67 910.0 248 86.43  36.2
Urban forest P13-P18, n = 6
3-7 cm 20-25 cm
Al Cd Cu Fe Ni Pb Zn Al Cd Cu Fe Ni Pb Zn
x 3786.7 0.505 1895 31700 5.85 111.48 329 | 22783 0.048 2,12 21983 0.58 11.72 3.5
gm. | 37358 0486 17.62 3067.0 5.15 107.18 31.9 | 21684 0.040 1.70 20449 035 9.76 33
s.d. 638.9 0.160 7.21 9513  3.70 32.55 9.1 703.5 0.030 1.64 965.2  0.65 9.65 1.6
50-55 cm
x 2703.3 0.044 2.15 24183 130 6.03 33
g.m. | 2644.1 0.039 196 19259 0.899 5:22 27
s.d. 620.6 0.026 1.04 1868.1 0.851 3.43 1.7

V. Statistics of heavy metal concentrations (mg/kg) in top soil covers (10-15 cm) of street tree bowls, under park turfgrasses, under woody

species in parks and a forest and under woody species in urban parks

Street tree bowls TI-T7, n = 14 Park turfgrasses T8-T13, n = 12
Cd Cr Cu Mn Ni Pb Zn Cd Cr Cu Mn Ni Pb Zn
x 1.493 | 7.50 | 126.21 [ 272.5 | 9.36 | 18229 | 287.6 | 0.758 | 6.41 | 44.17 | 431.9 | 850 | 7225 | 63.8
gm. | 1.327 | 7.07 87.76 | 267.7 | 8.83 | 139312475 | 0.727 | 6.110 | 3433 | 407.7 | 7.80 | 65.11 57.1
s.d. 0734 | 264 | 10448 | 51.2 | 3.10 | 133.51| 163.3 | 0.211 1.908 | 30.38 | 1564 | 3.18 | 31.02 | 28.6
Under woody plants T14-T20, n = 14 Under woody plants T16-T20, n = 12
Cd Cr Cu Mn Ni Pb Zn Cd Cr Cu Mn Ni Pb Zn
x 0.543 | 4.04 4174 | 2216 | 552 6893 | 67.7 | 0.720 | 5.00 | 57.90 | 295.1 7.40 | 9190 [ 933
gm. | 0384 | 3.50 1693 | 156.7 | 3.72 43.16 | 324 | 0.659 | 4.74 | 46.97 | 286.0 | 6.81 7341 78.5
s.d. 0.378 | 2.04 37.88 | 1343 | 3.86 63.17 | 58.0 | 0.290 | 1.57 | 32.50 705 | 2.80 | 60.92 | 48.0
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L9

VI Results of regression analysis (linear model). Dependence of heavy metal concentrations on clay, C,,, and pH(H,0) of urban park soil covers

Parks P1-P12
¥ Y =a + bX, X = % of clay (£0.01 mm), n =12 n=48
0-5cm 20-25 cm 50-55 cm 80-85 cm 0-85 cm
a b r a b r a b r a b r a b r
Al 3310.0 8.754 0.10 1884.7 33.862 069" | 2039.1 14.154 0.34 1643.4 22.686 0.76" | 2346.4 17.779 0.31°
Cd 1.1701 0.00306 -0.03 0.42934 -0.00341 -0.29 0.34689 -0.00499 -0.50 0.1718 -0.00203 -0.47 0.68947 -0.00745 -0.57
Cu 30.481 0.57460  0.21 40.581 -0.25620  -0.16 53.964  -0.85051 -0.51 51.539  -0.66053 -0.43 54506  -0.63148 -0.35"
Fe | 4101.0 14.385 0.04 |[-1382.4 167.56 065" | 52336 -27.694 -0.16 2637.0 9.7697 0.23 3066.5 33.606 0.20
Ni 5.4109 0.09991  0.42 3.9623 0.07180  0.42 7.0940  -0.05138  -0.26 51476  -0.02832 -0.24 6.7361  -0.01418  -0.07
Pb 28.761 1.3067 0.45 72.161 -0.27999  -0.09 102.06 -1.5921  -0.38 113.43 -1.6557  -0.41 98502  -1.1943  -0.31"
Zn 48.452 1.4453 0.22 56.367 -0.48513  -0.23 47520 076020 -0.55 51.141 —0.63181 -0.37 73.587  -0.81205  -0.25
Y Y=a+bX,X=%Cy, n=12 n =48
0-5 cm 20-25 cm 50-55 cm 80-85 cm 0-85 cm
a b r a b r a b r a b r a b r
Al 2463.8 200.07 0.43 33359  -175.64 -0.22 26196  -127.79 -0.08 1777.0 1000.9 0.54 2487.8 200.82 0.62"
cd -0.35317  0.25982  0.40 0.05621 017200 090" | = 000709 024529  0.62" 0.00861  0.18313  0.68 0.01664  0.19612  0.76™
Cu 8.1529 7.1113 0.50 42283 24394 092" —4.1991 42171 0.65 -3.8002  63.559 0.66 22.554 5.1675 051"
Fe 96393  645.36 0.38 6793.1 1547.0 -0.37 45458  —413.51 -0.06 1845.8 1960.3 074" | 3849.9 143.82 0.15
Ni 3.8148 0.82210  0.65 5.2481 0.84292 031 1.2395 6.0156 0.76"" 0.61047  6.6253 0917 4.6801 072739  0.66"
Pb 57.746 1.7138 0.11 2.4087  40.829 0.80" —46.870  138.29 0.84™" -36.886 180.22 0.71° 49.400 4.5995 0.21
Zn 13.423 14.056 0.40 -5.7129  30.668 0.90" -8.3200  43.400 0.80"" 19.214  22.948 0.22 16.658 13.879 0.75"
Y Y=a+bX,X=pH(H20).n=lZ n=48
0-5cm 20-25 cm 50-55 cm 80-85 cm 0-85 cm
a b r a b r a b r a b r a b r
Al | 57773 -367.79 033 68928  —-567.42 -0.75 3518.8  -138.70 -0.19 —2717.85 368.04 0.36 6371.6 -514.09 -0.53""
cd 42928  0.89424  0.57 -0.03034  0.09112 061 -0.11192  0.04005  0.23 -0.67655  0.11093  0.75 17052 -0.18800  —0.24
Cu -92992  23.345 0.68" —64.496 14.287 0.46 -27.047 7.2221 0.25 -174.51 29.043 0.56 15.178 2.7898 0.09
Fe |16695 2025.7 -0.49 | 28810 -3612.6 -0.75"" | -12859  618.62 0.20 45874  478.32 033 |10104 -886.56 -0.30"
Ni 54079 048966  0.16 11.446 0.73697 -0.23 -11.105 2.3090 0.66 -16.546 2.9374 0.74" 92436  -0.44346  -0.13
Pb -23.533 15.101 0.40 -126.03 28.014 0.47 -187.61 32.946 0.45 —643.98 99.699 0.72° ~74.273 19.964 0.30°
Zn | -232383 53.891 0.63" ~71.695 16.506 0.42 -57.657 11.067 0.46 ~153.78 26.187 0.45 106.79 -89177  -0.16

a = intercept; b = slope; r = correlation coefficient; " and * significance levels at least p = 0.05 and 0.01, respectively




type of fitted model ran usually best. Number of vari-
ables for which strong correlation was found increased
in the order street, turfgrasses, woody species soil covers.
High contamination loads and anthropogenous distur-
bance of street soil covers may destroy soil processes
which should have run in more natural, moderately
contaminated soils.

CONCLUSION

Contamination of Prague soil covers by metals, if
comparable data are used, reaches similar levels as in
other cities. The highest concentration of investigated
metals appeared in soil covers of intraurban parks and
in street tree bowls.

VIL. Results of regression analysis (linear model). Dependence of heavy metal concentrations on clay, C,,, and pH in the urban forest soil

covers
Urban forest P13-P18 3(20)-55 cm
Y Y=a+bX, X=%of clay, n =12 Y=a+bX,X=%0fCyn=18 Y =a+bX X=pHH,0) n=18
a b r a b r a b 7
Al 1581.1 19.996 0.44 2528.7 57.718 0.63" 5281.3 -588.44 -0.23
cd 0.22938 -0.00418  -0.39 0.07497  0.01694 075" 0.19594  -0.00329  -0.01
Cu 36049  -0.01163  -0.07 2.5181 074538  0.87"" 43.866 -9.0297 -0.38
Fe 1765.5 ~2.0639 -0.04 2149.0 53.578 0.42 2698.7 -51.599 -0.01
Ni 23369  -0.02378  -0.31 1.0048 024709  0.84"" 8.0319 ~1.3459 -0.17
Pb 38.947 -0.71649  -0.50 9.4302 4.6664 092" 179.47 -34.625 -0.25
Zn 13.010 -0.20969  -0.37 46110 1.2060 0.84"" 27.646 -3.7912 -0.10

a = intercept; b = slope; r = correlation coefficient, “and ”" significance levels at least p = 0.05 and 0.01, respectively

VIIL Results of regression analysis (linear model). Dependence of heavy metal concentrations on clay and C,, content and pH(H,0) values

in urban top soil covers

T1-7 street tree bowls 10-15 cm

Y Y=a+bX, X=%of clay, n= 14 Y=a+bX,X=%of Cy,n=14 Y =a+bX, X =pH(H,0),n=14
a b r a b r a b r
cd 1.9828 -0.02503  -0.14 1.0057  0.20416 0.39 032250  0.15210 0.16
Cu 239.49 -5.7877 -0.23 106.58 8.2302 0.11 ~130.81 33.405 0.25
Ni 56115  0.1913 0.26 5.9161 1.4423 0.64° 7.1651 0.28490 0.07
Pb 292.14 -5.6128 -0.18 87.797  39.606 0.41 402.68 —28.644 -0.17
Zn 454.92 -8.5507 -0.22 178.92 45.541 0.39 821.47 —69.389 -0.33
Cr 4.8607  0.13485 0.21 4.4971 1.2587 066" 93250  -0.23719  -0.07
Mn 84.972 9.5818 0.78"" 213.26 24.832 0.68" 457.45 -24.036 -0.37

T8-T12 turfgrasses 10-15 cm

Y Y=a+bX,X="%ofclay, n=10 Y=a+bX,X=%of Cyn=10 Y = a + bX, X = pH(H,0), n = 10
a b  d a b r a b r
cd 0.40106  0.01111 0.34 0.06491  0.21446 0717 16208  -0.1322  -0.48
Cu 54733 032847  -0.07 11865  13.293 0.31 -34.194 12,011 0.30
Ni -0.21522  0.27094 0.55 13104 22276 0.50 27.746 29500 -0.71""
Pb 88.591  -0.50801  -0.11 -38775 34338 0.78" 91.322 29233  -0.07
Zn 65567  -0.05389  -0.01 -28609  28.590 071" 12.434 7.8783 0.21
Cr 1.8551  0.14155 0.48 32811 096719 0.36 11.171 -0.73002  -0.29
Mn —94.593 16.368 0.67" 326.41 32,631 0.15 1417.2 -151.02 -0.74""

T15-T20 woody species 10-15 cm

Y Y=a+bX, X=%ofclay,n= 12 Y=a+bX,X=%ofC,n=12 Y = a+bX, X = pHH,0), n = 12
a b r a b r a b r
Cd 0.20203  0.02047 0.43 0.16822  0.19992 073" -0.36385 0.17862 0.49
Cu 13.653 1.7489 0.33 13.395 16.125 0.52 -109.40 27.570 0.67
Ni 1.8114 0.22089 0.48 2.1900 1.8876 071 —4.5670 1.9721 0.56
Pb -5.9605 3.8680 0.39 30.770 22.149 0.38 -204.77 48.890 0.64
Zn 25.063 2.6971 0.34 18.551 27.083 0.60 0.22628 0.78670 0.40
Cr 2.2360 0.10925 0.42 2.0982 1.0514 0.71° 115.10 29.664 0.33
Mn 135.49 6.3086 0.55 172.70 44.349 0.66" -172.80 43.853 0.72

a = intercept; b = slope; r = correlation coefficient, “and " significance levels at least 0.05 and 0.01, respectively
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IX. Correlation between heavy metal concentrations and soil cover properties (cl. — clay, C - C,, content, and pH value) and mutual metals
concentrations in park soil covers

Parks P1-P12
0-5cm 20-25cm 50-55cm 80-85cm
R?220.25 2 0.56 20.25 2 0.56 2025 2 0.56 20.25 20.56
p Cd-C 1 Cd-C 1 Cu-C 1 Cd-C e Cd-C
p CuC 1 ZnC e CuC e Cu-C
p Zn-C 1 Zn-C p Zn-C
L Ni-C 1 Al-cl e Cd-cl. 1 Al-cl 1 Ni-C
p Cd-pH I Fe-cl. L Cu-cl. e Cd-cl. e Pb-C
p Cu-pH 1 Pb-C e Zn-cl. L Cu-cl.
p Fe-pH L Al-pH L Ni-C p AlC
p Zn-pH L Fe-pH e Pb-C p Fe-C
L Ni-pH 1 Cd-pH
p Pb-pH I Cu-pH
1 Ni-pH
e Pb-pH
P Zn-pH
L Cu-Cd p Zn-Ni 1 Cu-Cd 1 Cu-Cd 1 Zn-Cd I Cu-Cd 1 Pb-Cu
p Zn-Cd 1 Zn-Cd p Zn-Ni I Pb-Cu p Zn-Cd
p Pb-Cu p Pb-Cu 1 Zn-Pb p Zn-Ni
P Zn-Ni 1 Zn-Pb P Zn-Pb
p Zn-Pb
| Fe-Al ¢ Zn-Cu p Fe-Al 1 Zn-Cu Ni-Fe 1 Pb-Cd p Fe-Al p Ni-Cd
p Ni-Cu p Ni-Al p Pb-Ni 1 Zn-Cu p Fe-Cd e Pb-Ni
p Ni-Cd e Pb-Cd
1 Pb-Cd I Ni-Cu
p Ni-Cu p Ni-Fe
p Ni-Fe p Pb-Fe
p Pb-Ni

R* = coefficient of determination. The strongest effect in fitted models: 1 = linear, L = logarithmic, e = exponencial, p = power

X. Correlation between heavy metal concentrations and soil cover properties (cl. - clay, C — C,, content, and pH value) and mutual metals
concentrations in soil covers in street tree bowls, under park turfgrasses and under park woody species

Street tree bowls Turfgrasses Woody species Street tree bowls Turfgrasses Woody species
TI-T7 n=14 | T8-T12 n=10 |[TI5-T20 n=12 | TI-T7 n=14 | T8TI2 n=10 |TI5-T20 n=12
R?20.25 2 0.56 20.25 2 0.56 2025 2 0.56 20.25 2 0.56 2025 2 0.56 20.25 2 0.56
1 Mn-cl. I Mn-cl. p Mn-cl, 1 Ni-Cd pPb-Cd pNi-Cd | pMn-Cr p Ni-Cd
p Ni-C p Ni-C p Ni-C p Pb-Cd pZn-Cd L Ni-Mn p Pb-Cd
p Zn-Cd p Mn-Cr p Zn-Pb p Zn-Cd
p Cr-C I Ni-cl. p Cd-cl. p Mn-Cr p Pb-Ni p Ni-Mn
p Mn-C p Cd-C p Cu-cl. p Ni-Mn e Pb-Ni
p Pb-C p Ni-cl. p Pb-Ni p Zn-Pb
p Zn-C p Pb-cl. I Zn-Pb
e Cd-pH p Zn-cl.
L Mn-pH p Cd-C
L Ni-pH p Cu-C 1 Cr-Cd pNi-Cr | p Cr-Cd p Mn-Cd p Cu-Cd
p Mn-C p Cu-Cd p Pb-Cu | p Mn-Cd p Mn-Cu
p Pb-C p Cu-Cr p Ni-Cr p Ni-Cu
p Zn-C p Pb-Cr p Pb-Cr p Pb-Cu
1 Cu-pH 1 Zn-Cr p Zn-Cr p Zn-Cu
1 Ni-pH p Ni-Cu I Zn-Cu e Pb-Mn
1 Pb-pH p Zn-Ni p Zn-Mn
1 Zn-pH p Zn-Ni
R? = coefficient of determination. The strongest effect in fitted models: | = linear, L = logarithmic, e = exponencial, p = power
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The great metal contamination of deep soil cover
layers was revealed in several park profiles. In the ur-
ban forest where deep soil layers were not much dete-
riored by human activities and where protective func-
tion of humus layer was saved, the contamination
levels were much lower than in the park soil counter-
parts.

A close correlation was found between concentra-
tion of individual metals, excepting Fe, and C content
in investigated urban soil covers. Rather random corre-
lations were surprisingly obtained between metal con-
centrations and clay content or pH values of the urban
soil covers.

Linear and power models of simple regression
analysis fitted best for the functional dependence of
metal concentrations on soil cover characteristics (clay,
Cox PH) and for the mutual concentrations for individ-
ual combination pairs of analysed metals.

Most correlations among metal concentrations them-
selves and soil properties appeared in the least dis-
turbed urban soil covers, e.g. in soil covers under
woody species and in the deep layers of soil covers.
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POKYNY PRO AUTORY

Casopis uvefejiiuje ptivodni védecké préce, kritkd sdéleni
a vyb&rové i piehledné referdty, tzn. price, jejichZ podkladem
je studium literatury a které shrnuji nejnovéjsi poznatky v da-
né oblasti. Price jsou uvefejiioviny v cesting, slovenstiné nebo
angli¢tiné. Rukopisy mus{ byt dopInény kratkym a rozsifenym
souhrnem.

Autor je pIn&€ odpovédny za pivodnost price a za jeji véc-
nou i formdlni spriavnost. K prici musi byt pfiloZeno prohld-
eni autora o tom, Ze price nebyla publikovina jinde.

O uvefejnéni priace rozhoduje redakéni rada ¢asopisu, a to
se zictelem k lektorskym posudkim, védeckému vyznamu
a piinosu a kvalité prdce.

Rozsah védeckych praci nemd presihnout 10 stran psanych
na stroji véetné tabulek, obrizki a grafii. V préci je nutné po-
uZivat jednotky odpovidajici soustavé mérovych jednotek SI
(CSN 01 1300).

Vlastni diprava rukopisu ma odpovidat stitni normé CSN
88 0220 (format A4, 30 fadek na strinku, 60 (ihozl na radku,
mezi fddky dvojité mezery). Tabulky, grafy a fotografie se
doddvaji zvIast, nepodlepuji se. Na vSechny pfilohy musi byt
odkazy v textu.

Nizev prace (titul) nemd presdhnout 85 thozi. Je nutné
vyvarovat se v ném obecnych ndzvi. Jsou vylouceny podtitul-
ky ¢lankd.

Kritky souhrn (Abstrakt) je informa¢nim vybérem obsa-
hu a zdvéru ¢lanku, nikoliv vSak jeho pouhym popisem. Musi
vyjadiit v§echno podstatné, co je obsaZeno ve védecké prdci,
a md obsahovat zdkladni ¢iselné ddaje vcetné statistickych
hodnot. Nemd piekrocit rozsah 170 slov. Je tieba, aby byl
napsdn celymi vétami, nikoliv heslovité. Je uvefejiovin a mél
by byt dodin ve stejném jazyce jako védeckd price.

Rozsifeny souhrn (Abstract) je uvefejiovin v anglicting,
mély by v ném byt v rozsahu cca 2 strojopisnych stran komen-
tovdny vysledky prdce a uvedeny odkazy na tabulky a obrdz-
ky, popf. na nejdilezit&jsi literdrni citace. Je nutné jej (vcetné
ndzvu prace a klicovych slov) dodat v anglicting, popf. v Ces-
ting ¢i slovensting jako podklad pro picklad do anglictiny.

Uvod ma obsahovat hlavni divody, pro¢ byla price reali-
zovina a velmi struénou formou md byt popsén stav studované
otdzky.

Literdrni pfehled md byt kritky, je tieba uvidét pouze
citace majici tzky vztah k problému. Doporucuje se co nejniz-
§i pocet citovanych autor.

Metoda se popisuje pouze tehdy, je-li piivodni, jinak posta-
Cuje citovat autora metody a uvddét jen piipadné odchylky. Ve
stejné kapitole se popisuje také pokusny materidl.

Vysledky — pii jejich popisu se k vyjddieni kvantitativnich
hodnot diva prednost grafum pred tabulkami. V tabulkdch je
tieba shrnout statistické hodnoceni naméfenych hodnot. Tato
Cist by neméla obsahovat teoretické zdvéry ani dedukce, ale
pouze faktické ndlezy.

Diskuse obsahuje zhodnoceni price, diskutuje se o moz-
nych nedostatcich a price se konfrontuje s vysledky diive
publikovanymi (pozaduje se citovat jen Ly autory, jejichZ price
maji k publikované prdci bliZsi vztah). Je piipustné spojeni
v jednu kapitolu spolu s vysledky.

Literatura musi odpovidat stdtni norm¢ CSN 01 0197. Ci-
tace se fadi abecedné podle jména prvnich autor. Odkazy na
literaturu v textu uvddéji jméno autora a rok vyddni. Do se-
znamu se zafadi jen price citované v textu. Na price v sezna-
mu literatury musi byt odkaz v textu.

Na zvldStnim listé uvddi autor plné jméno (i spoluautori),
akademicke, védecké a pedagogické tituly a podrobnou adresu
pracovi§té s PSC, ¢&islo telefonu a faxu.

Pokud autor pouzivi v prici zkratek jakéhokoliv druhu, je
nutné, aby byly alesponi jednou vysvétleny (vypsdny), aby se
prede$lo omylim. V nidzvu price a v souhrnu je vhodné zkra-
tek nepouZivat.

INSTRUCTIONS FOR AUTHORS

Original scientific papers, short communications, and selec-
tively reviews, that means papers based on the study of tech-
nical literature and reviewing recent knowledge in the given
field, are published in this journal. Published papers are in
Czech, Slovak or English. Each manuscript must contain
a short and a longer summary.

The author is fully responsible for the originality of his
paper, for its subject and formal correctness. The author shall
make a written declaration that his paper has not been publish-
ed in any other information source.

The board of editors of this journal will decide on paper
publication, with respect to expert opinions, scientific impor-
tance, contribution and quality of the paper.

The paper extent shall not exceed ten typescript pages, in-
cluding tables, figures and graphs.

Manuscript layout shall correspond to the State Standard
CSN 88 0220 (quarto, 30 lines per page, 60 strokes per line,
double-spaced typescript). Tables, figures and photos shall be
enclosed separately. The text must contain references to all
these annexes.

The title of the paper shall not exceed 85 strokes. It is
necessary to avoid in the title the usage of common expres-
sions. Subtitles of the papers are not allowed either.

Abstract is an information selection of the contents and
conclusions of the paper, it is not a mere description of the
paper. It must present all substantial information contained in
the paper. It shall not exceed 170 words. It shall be written in
full sentences, not in form of keynotes, and comprise base
numerical data including statistical data. It should be submitted
in English and if possible also in Czech or Slovak.

Introduction has to present the main reasons why the study
was conducted, and the circumstances of the studied problems
should be described in a very brief form.

Review of literature should be a short section, containing
only literary citations with close relation to the treated prob-
lem. It is recommended to cite the lowest possible number of
authors.

Only original method shall be described, in other cases it is
sufficient enough to cite the author of the used method and to
mention modifications of this method. This section shall also
contain a description of experimental material.

In the section Results figures and graphs should be used
rather than tables for presentation of quantitative values. A
statistical analysis of recorded values should be summarized

“in tables. This section should not contain cither theoretical

conclusions or deductions, but only factual data should be
presented here.

Discussion contains an evaluation of the study, potential
shortcomings arc discussed, and the results of the study are
confronted with previously published results (only those aut-
hors whose studies are in closer relation with the published
paper should be cited). The sections Results and Discussion
may be presented as one section only.

The citations are arranged alphabetically according to the
surname of the first author. References in the text to these
citations comprise the author’s name and year of publication.
Only the papers cited in the text of the study shall be included
in the list of references. All citations shall be referred to in the
text of the paper.

If any abbreviation is used in the paper, il is necessary (o
mention its full form at least once to avoid misunderstanding.
The abbreviations should not be used in the title of the paper
nor in the summary.

The author shall give his full name (and the names of other
collaborators), academic, scientific and pedagogic titles, full
address of his workplace and postal code.
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