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VLIV ODRUDOVE CISTOTY NA JAKOST
DEKLAROVANYCH ODRUD POTRAVINARSKE PSENICE

THE EFFECT OF VARIETAL PURITY ON THE QUALITY
OF DECLARED VARIETIES OF FOOD WHEAT

A. Sasek', J. Cern)"z, P. Hllnlpolikové3, J. Pekiarkova'

'Research Institute of Crop Production, Praha-Ruzyné, Czech Republic
2Czech University of Agriculture, Praha, Czech Republic

3Ramill Co., Ltd., Praha, Czech Republic

*Institute of Chemical Technology, Praha, Czech Republic

ABSTRACT: At present the declaration of variety has become a part of the purchase of wheat. The variety represents
a guarantee of required hereditary traits and properties including food and baking quality. The study was aimed at determining
the effect of admixtures of supplementary (the Siria variety) and non-food (the Trane variety) wheat on the quality ol food
wheat of the elite grade (the Brea variety). At the same time the suitability of electrophoresis of gliadins and HMW glutenin
subunits for the control of varietal declaration was investigated. Experimental variants were created based on electrophoretic
analysis of supplied samples, the varieties Brea, Siria, Trane as mixtures of the Brea variety with the varieties Siria and Trane
in different percentage ratio. To separate gliadins (SGE) and to set gliadin allelic blocks the published procedures (Sagek.
Sykorovi. 1989) were used. Electrophoresis of HMW glutenin subunits (SDS PAGE) and setting of allelic glutenin blocks
were carried out according to the described methodology (Laemmli, 1970; Payne et al., 1981). To judge the effects of
admixtures on baking quality sedimentation value according to Axford and Zeleny was determined. Moreover, extensographic
values were determined and baking test was performed (Ramill). The data obtained were statistically evaluated using the
computer program MS Excel for Windows 95. The prerequisite of the control of varietal rightness or varictal purity of
individual wheat doses using clectrophoresis of protein markers is specificity of electrophoretic spectra of the mentioned
proteins of each registered wheat variety. The study discusses the identical and similar electrophoretic spectra of some varieties
and the effect of their substitutes on the baking quality. The results of sedimentation tests indicate that 15 or 20%. resp.,
share of admixtures (the varieties Siria or Trane, resp.) decrcased the sedimentation value of the control variety Brea. The
results of extensographic assessment (extensographic maximum. extensographic energy) and direct baking trial (specific
volume of baking. bulk productivity) confirmed significant decrease of baking quality in the used criteria after reaching the
20% limit of admixture of low-quality variety or the mixture of low-quality varieties.

Keywords: wheat: baking quality: varietal declaration; admixture: electrophoresis: varietal rightness

ABSTRAKT: Cilem price bylo stanovit vliv pfimési dopliikové (odruda Siria) a nepotravindiské (odrada Trane) pSenice na
jakost potravindiské pSenice tidy elita (odrida Brea). Soucasné byla sledovina vhodnost elektroforézy gliadind a VMH
podjednotek glutenintt pro kontrolu odriidové deklarace. Pokusné varianty byly vytvoieny na zikladé elektroforetické analyzy
dodanych vzorki odriid Brea, Siria. Trane jako smési odrady Brea s odridami Siria a Trane v rizném procentudlnim poméru.
K separaci gliadinG (SGE) a vy&lenéni gliadinovych alelickych blokii byly pouZity publikované postupy (Sadck. Sykorovi,
1989). Elektroforéza VMH podjednotek glutenint (SDS PAGE) a vyclenéni alelickych gluteninovych bloki se uskute¢nily
podle popsané metodiky (Laemmli. 1970; Payne et al.. 1981). K posouzeni G¢inkl pfimési na pekaiskou jakost byla stanovena
sedimentacni hodnota podle Axforda a podle Zelenyho, ddle byly stanoveny extenzografické hodnoty a byla provedena
pekarskd zkouska (Ramill). Ziskané adaje byly statisticky hodnoceny pomoci pocitacového programu MS Excel pro Windows
95. Pfedpokladem kontroly odridové pravosti, resp. odridové Eistoty jednotlivych ddivek pSenice pomoci elektroforézy
bilkovinnych markert je specificnost elektroforetickych spekter zminénych bilkovin kazdé registrované odridy pSenice.
V prici jsou diskutovina identickd a podobnd elektroforetickd spektra nékterych odrid a vliv jejich zamén na pekaiskou
jakost. Vysledky sedimentaénich testi naznaCuji. Ze 15%. resp. 20% podil pfimési (Siria. Trane) sniZil sedimentani hodnotu
kontrolni odridy Brea. Vysledky extenzografického hodnoceni (extenzografické maximum, extenzografickd energie) a pri-
mého pekaiského pokusu (mérny objem peciva, objemovii vydatnost) potvrdily vyznamné snizeni pekaiské jakosti v pouZitych
kritériich po dosazeni hranice 20% pfimési nekvalitni odrady. resp. smési nekvalitnich odrid.

Klicova slova: psenice: pekafskd jakost: odridova deklarace: pfimés: elektroforéza: odriudova pravost
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UvVOD

V soucasné dobé se deklarace odridy stava soucdsti
ndkupu pSenice. Odrida je povazovina za spolchlivou
zaruku zadanych dédi¢nych znakd a vlastnosti, vCetné
potravinaiské a pekirenské jakosti. Vzhledem k ekono-
mickému vyznamu potravindiské penice poZaduje proto
CSN 46 1100-2, aby péstitel deklaroval pfi jejim pro-
deji zpracovateli odriadovou pravost.

Registrované odridy psenice.jsou rozdéleny podle
technologickych vlastnosti do jakostnich tiid E, A, B.
Skupina E (elitni) predstavuje odridy s velmi dobrou
pekarskou jakosti. Skupina A pak odriady dobré. samos-
tatné zpracovatelné a skupina B odrady chlebové. doplii-
kové, zpracovatelné ve sméesich. Skupina C zahrnuje
pSenice nevhodné pro potravindfské tucely (UKZUZ,
1998).

Ke kontrole odradové pravosti a odradové cistoty
jednotlivych davek potravindiské pSenice (osiva, mer-
kantilu) Ize pouZivat rychlou a objektivni metodu elek-
troforézy bilkovinnych genetickych markert — prolami-
novych a glutelinovych bilkovin zrna. Pro stanoveni
odradové pravosti a odridové Cistoty psenice obecné
a jeCmene setého byly v roce 1998 prijaty Ceské tech-
nické normy CSN 46 1085-1 a CSN 46 1085-2. Normy
vyuZzivaji dvé metody clektroforézy bilkovin — jednak
v polyakrylamidovém gelu (PAGE), jednak ve skrobo-
vém gelu (SGE) (CSN 1998).

Cilem préice bylo stanovit vliv pfimési, piedev§im
nepotraviniiské pienice, na jakost pSenice potravinarské
tiidy elita. Procentudlni zastoupeni piimési. tj. Cetnostni
tiidy piimési, v jednotlivych davkéch (v pokusnych va-
riantich) byla simulovdna pomoci elektroforézy gliadi-
nt ve Skrobovém gelu. Soucasné byla sledovina pouZi-
telnost elektroforézy gliadini a podjednotek glutenini
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s vysokou molekularni hmotnosti (VMH) pro zjisténi
odridové deklarace a stupné odriidové Cistoty.

MATERIAL A METODA

Ke zjisténi vlivu piimési pekafsky horSich odrad
v davee deklarované odridy s vysokou pekatskou ja-
kosti byly pouzity odridy pSenice Brea (E. dodavatel
Morstar. a. s., $S BraniSovice. 1997). Siria (B, dodava-
tel Selgen. a. s., SS Stupice, 1997) a Trane (C. doda-
vatel Selgen, a. s.. SS Stupice, 1996).

Pokusné varianty byly vytvoreny na zikladé clektro-
foretické analyzy gliadin uvedenych odrad jako smési
odrady Brea s piimesi, tj. odradou Siria a Trane v ruz-
ném procentudlnim zastoupeni (tab. IIT).

Gliadinové bilkoviny zrna pouZitych odriid byly se-
parovany vertikalni elektroforézou gliadint ve sloup-
cich skrobového gelu v Al-laktatovém pufru pri pH 3,1
(Sagek, Sykorovi, 1989). Alelické gliadinové bloky by-
ly vyclenény z gliadinovych elektroforetickych spekter
publikovanym postupem (SaSck. Sykorovd, 1989). Od
kazdé odrady bylo k urceni skladby gliadint analyzo-
vano jednotlivé 24 zrn. Podle gliadinovych spekter hod-
nocenych odrad byly sestaveny variantni smési s poza-
dovanym procentudlnim zastoupenim piimési (odrad
Siria a Trane).

Pro genctickou determinaci pekarské jakosti pouZi-
tych odrad probehla téz elektroforeticka analyza pod-
jednotek gluteninli s vysokou molekulovou hmotnosti
(VMH) v polyakrylamidovém gelu za pritomnosti SDS
(SDS PAGE) (Laemmli, 1970). Alelické bloky byly
vyclenény z gluteninovych spekter postupem. ktery po-
psali Payne et al. (1981).

PouZité¢ bodové hodnoty predikce pekaiské jakosti
jednotlivych alelickych bloki podjednotek glutenini
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1. Elektroforeogramy gliadini (SGE)
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odrad Brea, Siria a Trane — Electrophoreo-
grams of gliadins (SGE) of the varieties
Brea. Siria and Trane
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1987: Lukow et al., 1989: Hammer et al., 1992). Bo-
dové hodnoty predikee pekaiské jakosti jednotlivych
gliadinovych alelickych blokd zveiejnili Cerny, Sagek
(1996).
K posouzeni u¢inkl primési na pekaiskou jakost by-
lo pouzito:
1. stanoveni sedimenta¢ni hodnoty zrna (§rotu) — SDS
test podle Axforda (podle normy PN 232/93)
2. stanoveni sedimentacni hodnoty mouky — SDZ test
podle Zelenyho (podle ICC standardu 116)
3. stanoveni extenzografickych charakteristik (podle
normy CSN ISO 5530-2, 56 0114)
4. piimé stanoveni pekatské kvality (metoda pekaiské-
ho pokusu Ramill)
Ziskané vysledky byly statisticky hodnoceny pouZzi-
tim pocitatového programu MS Excel 7 pro MS Win-
dows 95.

VYSLEDKY A DISKUSE

Etalonové elektroforeogramy gliadin hodnocenych
odrad Brea, Siria a Trane jsou zndzornény na obr. |.
Soubory alelickych gliadinovych bloku, vyélenéné
z elektroforeogramti dodanych vzorkit zrna hodnoce-
nych odrid, jsou uvedeny spolecné s alelickymi bloky
VMH podjednotek glutenint v tab. I

Elektroforézou gliadini dodaného vzorku odrady Brea
byla zjisténa pouze jedna gliadinova linie (A), obsahu-
jici blok 1B4, tj. marker sticdni aZ vy38i pekarské ja-
kosti s bodovou hodnotou predikee pekatské jakosti 5.5.

Blok GLD 1B4 sou¢asné markeruje intenzivngjsi, pro-
duktivngj&i odrudy. Pritomnost druhé linie. vybavené
gliadinovym blokem 1B1, tj. markerem vysoké pekai-
ské jakosti s bodovou hodnotou predikee pekaiské ja-
kosti 8,00, nebyla v daném vzorku zji§téna.

U dalSich dvou hodnocenych gliadinové dvoulinio-
vych odrad (Siria, Trane) byla pozoroviana shoda mezi
etalonovymi spektry a spektry gliadina. ziskanych ana-
lyzou dodanych vzorkl. Zjisténd zmena v relativinim
zastoupeni gliadinovych linii A a B u odridy Siria by
neméla ovliviiovat genetickou dispozici odridy Siria
pro pekaiskou jakost. Obe linie vykazuji stejny pocet
bodu predikce pekaiské jakosti. U dodaného vzorku
zrna odridy Trane byl pozorovany zménény pomér
v relativnim zastoupeni gliadinovych linii A a B vy-
hodn&jsi pro posouzeni kontaminace jakostni odridy
Brea primési zrna nepotravinaiské pSenice.

Predpokladem vyuziti metody elektrotorézy bilko-
vinnych genetickych markera, tj. gliadint a podjedno-
tek glutenintt s VMH, pro kontrolu deklarované odri-
dové pravosti a Cistoly je jedineCnost, resp. specificnost
clektroforetickych spekter kazdé registrované odrady
psenice.

Pro identifikaci odrid pSenice elektroforetickou ana-
lyzou gliadint a podjednotek glutenind s VMH je ne-
zbytna znalost piipadného polymorfismu v clektrofore-
tické skladbé zminénych bilkovinnych genctickych
markera. V pripadé polymorfnich odrad je jejich gene-
ticka struktura charakterizovana poctem gliadinovych
¢i gluteninovych linii. Odrady &i populace je proto nut-
né verifikovat, resp. identifikovat podle poctu a zastou-

1. Soubory alelickych bloka gliadint a VMH podjednotek glutenint dodanych vzorkda pienice — Sets of allelic blocks ol ghiadins and HMW

glutenin subunits of wheat samples supplied

g i - Lini¢? Gliadinové alelické bloky lokusi®
N Odrada Vzorek-
" Yo 1-1A 2-1A IB 1D 6A 6B 6D
A 0 2 0 | | | | |
| Brea Morstar
B 100 2 0 4 | | | I
. A 87 4 0 4 4 2 | 5
2 Siria Selgen
B 13 4 2 4 4 2 | 5
A 25 3 0 3 | 3 | 4
3 Trane Selgen
B 75 3 0 3 1 2 | 4
) linie gluteninové 'ulf:AIiické bloky SGLD + Au‘vidu ‘pcAkau“'ské
N odrada vzorek lokusur *GLD IGLU jakosti®jakostni
GLU I iy
" % IA IB 1) skupina
A 0 0 T+9 S+ 10 15 7 22 9/E
| Brea Morstar
B 100 0 7+9 S+ 10 15 7 22
o A 87 0 749 | 5+10 16 7 23
2 Siria Selgen 5-6/8
B 13 0 7+Y S+ 10 16 7 23
" A 25 0 6+8 2+ 12 1.5 4 15,5
3 Trane Selgen 1c
B 75 0 6+8 2412 10 4 14
IGLD = soucet gliadinovych bodu predikee pekarské jakosti — sum of gliadin points of baking quality prediction
IGLU = soucet gluteninovych bodu predikee pekafské jakosti — sum of glutenin points of baking quality prediction
IGLD + GLU = soucet GLD a GLU bodi predikee pekaiské jakosti — sum of GLD and GLU points of baking quality prediction

Fisoo 2 A5 q v % 5 z 8 3 5 5 5 % 5 x 7 g
variety. “sample. “line. “gliadin allelic blocks of loci. "glutenin allelic blocks of loci. “class of baking quality. 'quality group
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11. Odridy pSenice s identickymi nebo podobnymi elektroforetickymi spektry gliadind a VMH podjednotek glutenind — Whear varieties with
identical or similar electrophoretic spectra of gliadins and HMW glutenin subunits

Skupina! ~Slllp'cﬁ1 — GLD alelické bloky* GLU alelické bloky® Pekaiskd j.'lkl)sl("
identity I-1A [ 2-1A | IB ID | 6A | 6B | 6D | 1A IB ID | tiida’ | skupina®

[ Regina 9 2 4 | 2 NG 5 0 7+9 |5+10 A 7-8
L Ina 9 2 4 1 2 N6 5 0 749 S+ 10 B O
3 Estica 9 2 4 1 2 NI2 1 0 6+8 + 12 C 4
4 Simona 9 243 4 1 2 1 4 0 7+9 2+ 12 4
A Samanta 2 0 4 1 2 1 1 0 7+8 5+ 10 A 7
1L Bruta 2 0 4 1 1 3 6 0 6+8 [S5+10| A 7
4 Vega 2 2 4 9 2 3 | 0 7+8 [S5+10 7
2 Asta 4 0 4 9 2 Nl4 NI 0 7+9 S+ 10 B 6
111 4 Ritmo 4 0 4 9 2 NI4 NIl | 6+38 2+ 12 4

Siria 4 0 4 9 2 | S 0 7+9 S+ 10 B 5-6
Viginta 2 0 | 1 | | | 0 7+9 [5+10 7

v, | Bruneta 2 0 | I | | | 0 7+9 S+ 10 B 0-7
Brea 2 0 | (+4) | | | | 0 T7+9 [5+10 E 9
Astella 2 0 | (2) | | 0 7+9 5+ 10 B 5
v 5 Alka 3 0 4 9 2 NI 0 6+8 S5+ 10 A 7
Alana 3 0 4 9 2 2 NI 0 7+8 2+ 12 A 7

VL 4 Blava 2 0 | N2 1 3 6 0 7+9 5+ 10 A 6-7
4 Boka 2 0 | | 2 NI 4 0 7+9 S+ 10 B 7
i Saxana 0 2 1 7 NI | 2 1 7+9 S+10 A 7
VIL Linda 0 2 1 7 NI | 2 | T+9 [S+10] A 6
4 Munk 0 2 I 7 NI 1 | 0 7+9 S+ 10 A 7

Stupen identity spekter — Degree of spectrum identity:

1. shodnd spektra GLD + GLU (VMH) - identical spectra GLD + GLU (HMW)

2. shodna spektra GLD, rozdilna spek
3. vyskyt odlisnych bloki GLD néleZe;
1o the common group of allelic GLD blocks

a GLU (VMH) - identical spectra GLD. diflerent spectra GLU (HMW)
ch do spolecné skupiny alelickych GLD bloki — occurrence of different GLD blocks belonging

4. vyskyt odlisnych alel nendleZejicich do spolecné skupiny alelickych GLD bloki — occurrence of different alleles not belonging to the

common group of allelic GLD blocks
Hodnoceni pekaiské jakosti — Evaluation of the baking quality:
noveé (tfida) — new (class)

E = elitni potravindiska pSenice — elite food wheat

A = kvalitni potravinifskd pSenice — high-quality food wheat

B = chlebova potravindiska pSenice — breadmaking wheat

C = nevhodnd pro potravindiské Gcely — unsuitable for food purposes

pavodni (skupina) — original (group)

9-8 = velmi dobrd, zlepsujici - very good. improving

7 = dobri, samostatné zpracovatelnd — good, independently treatable

6-7 = dopliikova, zpracovatelnd ve smési — additional, treatable in mixture

5-3 = milo vhodna pro pekaiské zpracovini — a little suitable for baking processing
1-2 = nevhodni pro pekaiské zpracovini — unsuitable for baking processing

1=V = ozimd pSenice — winter wheat
VIL. = jarni penice — spring wheat

lgroup. zdcgrcc of identity, "v;u'icly. *GLD allelic blocks, *GLU allelic blocks. ('bnking quality, "elass. xgmup

peni jednotlivych gliadinovych a gluteninovych linii,
typickych pro danou odridu nebo populaci.

Odridy pSenice obecné, registrované od roku 1997,
byly verifikovany soubéznou elektroforézou gliadint
(SGE) a podjednotek glutenind s VMH (SDS PAGE).
Celkem bylo analyzovidno 44 odrad ozimého a jarniho
typu. Ze 44 hodnocenych odriid vykazuje 38 odrid je-
dinecna. pro odradu specificka spektra gliadina a pod-
jednotek glutenind s VMH. Téchto 38 odrud je tedy
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mozné spolehlivé a rychle identilikovat elektrolorézou
gliadind a glutenind s VMH podle clektroforetickych
spekter specifickych pro odridy. Zcela identicka clek-
troforeticka spektra jak gliadind, tak i VMH podjedno-
tek glutenini vykazuji odrady ozimé pSenice Regina
a Ina ¢i dvojice odrid Viginta a Bruneta. Mezi jarnimi
pSenicemi maji identickd gliadinova a gluteninova
elektroforeticka spektra odrady Linda a Saxana. Uve-
dené dvojice odrid nelze pomoci gliadinovych a VMH
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1. Zmeny hodnot SD testu pii rizném procentudlnim zastoupeni primési — Changes of the values of SD tests at different percentage of

admixtures
SbZ SDS
% hmotn. Y hmotn. i g pfimés Siria + A= il et s piimés Siria + o S5
sdriidy! Brea prmesi® primés” Siria Trane (1 : 1) | PAMEs Trane primés Siria Trane (1: 1) | Primés Trane

100 0 59.0 59.0 59.0 74.0 74.0 74.0
90 10 58.0 56.0
85 15 57.5 54.3 71.0 65.0
80 20 56.5 53.5 71.0 66.5 65.0
70 30 55.5 523 48.0 68.0 64.0 60.0
60) 40 53,0 49.5 425 67.0
50 50 518 45.8 38.0 65.5

SDZ = hodnoty sedimentace v ml podle Zelenyho — sedimentation values in ml according to Zeleny

SDS = hodnoty sedimentace v ml podle Axforda — sedimentation values in ml according to Axford

| . 3 : e 3 . 3 B
weight of variety. “weight of admixture, “admixture

s
a0
304
204
10
0 - - - - -
A n c D I f G H 1

gluteninovych markert rozliit. Dvojice odrid ozimé
pSenice Alka a Alana, resp. Asta a Ritmo s¢ vyznaduji
shodnym gliadinovym spektrem, ale lisi se rozdilnymi
alelami gluteninovych podjednotek s VMH.

Nékteré dalsi odridy se vyznaCuji malymi rozdily
ve skladbé elektroforetickych spekter gliadinti a VMH
glutenint, a daji sc proto elektroforézou zminénych gene-
tickych markert obtizné identifikovat. Odridy s identic-
kymi ¢i blizkymi elektroforetickymi spekiry gliadind
a VMH podjednotek glutenint jsou uvedeny podle sku-
pin pfibuznosti v tab. II.

Identita ¢i znacna podobnost elektroforetickych
spekter bilkovinnych markerd uvedenych odrad p3eni-
ce nebrani pouzivat gliadinové. resp. gluteninové mar-
kery pro kontrolu odriidové pravosti a odradové isto-
ty. protoze obvykle se zminéné odrudy vyznacuji nejen
identickymi & podobnymi spektry. ale i podobnou pe-
kirenskou jakosti.

Vysledky sedimentacnich testd, hodnoticich vliv pfi-
meési na potravinarskou jakost, jsou uvedeny v tab. III

SDZ (mly
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2. Sedimentacni test podle Zelenyho —
Sedimentation test according to Zeleny

Vysvétlivky k obr. 2 az 6 — Explana-
tions 1o Figs 2 10 6:

osa x: odrudové slozeni vzorku = X

st varietal composition of samples
— 100 % Brea

A

B - 100 % Siria

C - 100 % Trane

D - 90 % Brea + 10 % Siria

E - 90 % Brea + 10 % Trane

F — 80 % Brea + 20 % Siria

- ) G - 80 % Brea + 20 % Trance

! ! M H - 50 % Brea + 50 % Siria

I =50 % Brea + 25 %: Siria + 25 % Trane

1 =50 % Brea + 50 % Trane

K =50 % Siria + 50 %

L -85 % Brea + 15 %

M - 85 % Brea + 15 %

a na obr. 2. Pokud by se brala v dvahu laboratorni chy-
ba 2 ml, projevil by se vliv piimési odrady Siria az pfi
obsahu 20 %. Stejného uc¢inku, (j. sniZzeni sedimentaéni
hodnoty. bylo dosazeno pii 15% obsahu odrady Trane.

Podle vysledki sedimentaénich testi byly upraveny
smésné poméry (pokusné varianty) pro hodnoceni vlivu
procenta pfimési na pekarskou jakost pSenice. a to mé-
fenim na extenzografu a primym pekarskym pokusem.
Vysledky jsou uvedeny v tab. IV.

Vysledky sedimentaénich testi naznacuji, 7¢ 20%
primés nepotravindiské pSenice, resp. chlchové penice
miZe sniZit pekaiskou jakost fidy elita. Vzhledem k se-
dimentacnim testim. které prob&hly pouze ve dvou
opakovinich, je Zadouci ziskané poznatky ovéfit vétsim
poctem opakovini jednotlivych stanoveni. Rovnéz vy-
sledky pekarského pokusu je nutné povazovat za orien-
taéni s ohledem na pouZziti nestandardni metodiky pe-
karského pokusu (niz&i navazky mouky).

Vliv riizného procentudlniho zastoupeni primési nepo-
travindi'ské Ci chlebové pSenice na jakost pSenice (Fidy
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IV. Vliv odridové Cistoty na pekaiskou jakost — The effect of varietal purity on baking quality

Slozeni' (% hmotn.?) Sis5 Extenzogram® Pekafsky pokus?
Brea Siria Trane ’ EMX ERES EEX EVD EEN VM oV
100 60,5 585 395 200 1.98 168 368 507
100 42.0 345 475
100 19.0 135 135 150 0,90 30 274 369
100 59.0
100 43.5 426 335 163 206 99
100 17.8
90 10 58.0 589 428 184 232 156 358 489
920 10 56.0 494 357 180 1.99 123 365 502
80 20 56.5 494 338 222 1.52 137 347 479
80 20 53.5 457 342 182 1.88 119 360 494
50 50 51.8 454 329 188 1,75 122 359 491
50 25 25 45.8 348 280 183 1.53 9§ 361 493
50 50 38.0 299 254 177 1.44 77 323 445
50 50 324 447
85 15 57.5
85 15 54.3
589 = kritickd hodnota vymezujici horni hranici IS 95 % — critical value defining the upper limit IS 95%
254 = kritickd hodnota vymezujici dolni hranici 1S 95 % — critical value defining the lower limit IS 95%
SDZ = sedimentacni test podle Zelenyho — sedimentation test according to Zeleny (ml)
EMX = extenzografické maximum - extensographic maximum
ERES = extenzograficky odpor — extensographic resistance (B. U.)
EEX = extenzogralickd taznost — extensographic ductility (mm)
EVD = extenzograficky pomér — extensographic ratio ERES/EEX (B. U./mm)
3
EEN = extenzografickd energie — extensographic energy (cm”)
VM = mérny objem peciva — specific volume of baking (ml.100 g i
oV = objemovi vydatnost (vytéZnost) — bulk productivity (yield) (ml.100 g")

B. U. ERES = vyska kiivky 5 min od pocitku napindni vilecku t€sta — height of the curve 5 min from the start of stress of cylinder of ough

B. U. EMX = maximilni vySka kfivky — maximum height of curve
i 2 . 3 4 3 .
'composmon. “weight, “extensogram, Jb:\kmg trial
Ho0
00
400

300

EMX (BU)

200

100

elita se nejvyraznéji projevil v nékterych extezografic-
kych ukazatelich, zejména v hodnoté extenzografické
energie (obr. 3 az 6).

Z vysledku je ziejmé, Ze jiz pomérné nizké (20%)
kontaminace davek potravindiské penice tiidy elita ne-
potravinaiskou ¢i chlebovou pSenici pisobi snizeni pe-
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3. Extenzografické maximum — Extenso-
graphic maximum

E F G H 1 ]

kai'ské jakosti. Bude proto tieba pokraCovat ve studiu
této problematiky, véetné sledovéani vlivu piimési na
pekatskou jakost v technologickych procesech v pri-
myslovém meéfitku.

Vyznamnym poznatkem je potvrzeni pouZitelnosti
clektroforézy genetickych bilkovinnych markert pseni-
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ce, predevsim gliadint, pro rychlou a spolehlivou kon-

trolu odriadové deklarace a pro stanoveni stupné odru-
dové &istoty jednotlivych davek pSenice.
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PHYTOCOENOLOGIC RELATIONSHIPS IN PASTURE
STANDS

FYTOCENOLOGICKE VZTAHY V PASTEVNICH POROSTECH

F. Klime§

University of South Bohemia, Faculty of Agriculture, Ceské Budéjovice, Czech Republic

ABSTRACT: Phytocoenologic relationships in pasture stands. belonging to the Cvnosurion (cristati) Tx. 1947 alliance,
cultivated and utilized to a limited extent, were studied under different environmental conditions between 1993 and 1997.
The Trisetenum type stand showed an optimal composition of agribotanical groups. However. it was susceptible to the
excessive infestation by Taraxacum officinale (14%). From the point of view ol diversity. the Lolietum type stand which is
the richest diversified type. shows the tendency towards the overabundant development of” white clover (over 40%), particu-
larly when under continuous grazing. The Festucetum pratense type stand had even a higher proportion of perennial legumi-
noses (over 60%). On the other hand. the Dactylidetum type stand displays a tendency towards low representation by
leguminoses (about 15%) even in stands which were not fertilized. With the help of the multiple regre
of the prevailing tendency was shown towards the excessive spread of leguminoses in the more intensively worked and utilized

ion system, the cause

grazing spaces. This cause was found to be the insufficient representation of soboliferous grasses whose competitiveness with
the leguminoses (particularly the Trifolium repens) is 1.6 time greater than those of tuft grasses. The optimum composition
of pasture growths (60 to 70% grasses. 20 to 25% leguminoses. and 10 to 15% of other plants) was observed where 46 1o
64% of tuft grasses and 6 to 14% of soboliferous grasses were represented.

Keywords: pasture stands: phytocoenologic relationships: regulation of leguminoses proportion: pasture typology

ABSTRAKT: Porostovi skladba pastevnich porosti je ovliviiovina vedle souboru ekologickych faktora velkou mérou
zplisobem jejich obhospodarovini a vyuZiti (Holmes. 1982: Rieder. 1983: Duvigneaud. 1988). Pro vhodné zplsoby obhos-
podafovani a vyuZivini pastevnich porostii je mimofidné dulezité poznani fytocenologickych zikonitosti a vztahi. projevu-
jicich se uvniti téchto cendz (Moravee et al., 1994: Mrkvicka. 1998). Pii odchylkich od stiedniho stupné intenzity
obhospodafovini a vyuZzivini pastevnich porostii Casto dochazi k vétsimu vychyleni od optimdlni struktury téchto cenoz
(Holmes. 1982; Rais. 1996: Klimes. 1998). V uvedenych intencich byly v letech 1993 a7z 1997 studoviny v raznych ekolo-
gickych podminkdch jiznich a zapadnich Cech (tab. 1) fytocenologické vztahy v kulturnich. extenzivngji obhospodafovanych
a vyuzivanych pastevnich porostech, patficich do okruhu svazu Cynosurion (cristati) Tx. 1947, Pro studium fytocenologic-
kych vztahi v pastevnich porostech se osvédéilo kombinované vyuziti fyziognomicko-floristickych a floristicko-cenologic-
kych piistupd (tab. 1I az IV) pii kvantitativnim vyjadieni zastoupeni jednotlivych druhit pomoci indexu vyskytu (/v, %D:
Regal, Veseld. 1975) a pomoci (fid stalosti (C;). Optimalni strukturou z hlediska zastoupeni jednotlivych agrobotanickych
skupin se vyznacuje porostovy typ Trisetetum (tab. V), je viak choulostivy na nadmérné roz&itovani Taraxacum officinale
(14 %). Z hlediska druhové diverzity je nejpesticjsi porostovy typ Lolietum, vykazuje viak zvIdste pii kontinudlni pastvé
tendenci k nadmérnému rozvoji jetele plazivého (nad 40 %D). Jesté vyssi zastoupeni jetclovin (nad 60 %0D) mé porostovy
typ Festucetum pratense. Naopak u porostového typu Dactylidetum se projevuje i pii vypu§téni hnojeni tendence k redukci
jetelovin (cca 15 %D). Jako nejefektivnéjsi forma explanace a predikee vzijemného vztahu mezi ploinym zastoupenim (%)
trav volné trsnatych (x)). trav vybézkatych (x,) a jetelovin (y) byla stanovena regresni funkce: ¥ =91.050 - 0,959 — 1.585x,
(r, = 0,894, ze kieré je patrné, Ze konkurencni tlak vybézkatych trav k jetelovindm je cca [.6krdt intenzivnéjsi. neZ je
tomu u trav voln¢ trsnatych. Jednou z hlavnich pfi¢in nadmérného rozdifovini jetelovin v pastevnich porostech je nedosta-
Cujici zastoupeni vybézkatych trav. Optimalni struktura pastevnich porosti (60 aZ 70 % trav, 20 aZ 25 % jetclovin a 10 az
15 % ostatnich bylin) je dosahovina pii zastoupeni 46 aZ 64 % trav volné trsnatych a 6 az 14 % trav vybézkatych.

Klicova slova: pastevni porosty: fytocenologické vztahy: regulace podilu jetelovin: typologie pastvin

INTRODUCTION ships of all the factors affect the phytocoenologic dy-
namics of the plant communities, resulting in the for-

Pasture herbage composition has been alfected by — mation of a community with a different rate of balance
both environmental factors and to a great extent also  of its productive and non-productive roles (Holmes,
by a system of cultivation and utilization. The relation- 1982: Rieder, 1983; Duvigneaud, 1988). Thus. a better
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understanding of the phytocoenologic relationships has
been the primary precondition for pasture stands man-
agement (Moravec et al., 1994; Mrkvicka, 1998).

The proportion of agribotanical groups in pasture
herbage (grasses, perennial leguminoses and other di-
cotyledonous herbs) has been of great importance. Pas-
ture herbage composition affects not only common
biomass quality criteria but also their fodder intake.
health condition, the proportion of ungrazed plants, and
the rate of nutrient utilization (Lichner et al., 1977;
Holmes, 1982: Rais, 1996).

Mrkvicka (1998) reviewed a great deal of literature
data and lists as an optimal herbage composition 60 to
70% grasses, 20 to 25% perennial leguminoses and 10
to 15% other herbs. Rais (1996) considers the propor-
tion of white clover during the vegetation period to be
between 20 and 40%. However. il the white clover
proportion in weighted mean of all grazing cycles
reaches 30 to 40%, then its proportion during summer
(the end of July and the start of August) increases Lo
60 to 70%. the level which due to its flatulence effect
may be dangerous to the grazing animals.

The proportion of perennial leguminoses in pasture
herbage decreases under conditions of intensive fertili-
zation due to the oppressive activity of grasses. On the
other hand, their proportion increases above critical
levels in stands with limited fertilization or where not
fertilized. This occurs particularly where the pasture is
under permanent grazing (Rieder, 1983: Rais. 1996:
Mrkvicka, 1998; Klimes, 1998).

Therefore, the harmonization of herbage composi-
tion requires more theoretical knowledge of the phyto-
coenologic relationships within the plant communities.

MATERIAL AND METHODS

The phytocoenologic relationships were studied
within the various pasture plant communities in eight
sites. mostly in South Bohemia, and under different
environmental conditions during the period [rom 1993
to 1997. The data presented here focus on cultivated
pastures of the Cynosurion (cristati) Tx. 1947 alliance.
The data on the characteristics of the localities studied
are given in Tab. L.

All of the above stands observed were not fertilized
for three to five years prior to the observation or during
the observation period. The stands were grazed with
a low or medium intensity by beel cattle breeds.

Herbage composition of all observed stands was ana-
lysed at the control sites during the initial third of the graz-
ing period by a method of reduced projective dominance
(Regal. Vesceld, 1975). The representative sample was clas-
sified by the physiognomically-floristic classification to
stand types (Klapp, 1965: Rychnovska et al., 1985).

Use value ol an individual species occurrence index
(Iv, %D) by Regal. Veselad (1975) was calculated for
both the representative sample and for the individual
stand types:
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P.D
100

Iv= (1)

where: P2 = oceurrence of an individual species in the observed
stands (%)
D - projective dominance of the individual species in the
observed stands (%)
Moreover, for the complete representative sample of
the stands the constancy coellicients (Moravee et al.,
1994) were calculated as follows:

a;
C,-=,~I’. 100 (2)

where: i = constancy of a species 7 (%)
ai = number of sampling with occurrence of a species
= total number of sampling in the representative sample

The values of constancy coefficients for the individ-
ual species (C;) were classified into constancy classes
according to the scale below:

Constancy class Range of constancy (%)

I: 1-20
I 21-40
Il 41-60
IV. 61-80
V. 81=100

The typological analysis of the observed communi-
ties was carried out using the physiognomically-floris-
tic classification (Klapp. 1965: Regal. Vescela. 1975:
Rychnovska et al., 1985). The tloristic-coenologic
analysis of the communities was done using the Zurich-
-Montpellier System (Balatova-Tulackova, 1968; Lich-
ner et al.. 1977: Moravec et al., 1995).

The relationship between the proportion ol grass
groups (tuft and soboliferous) and perennial legumi-
noses was tested using correlation and regression
analyses. To optimize herbage composition. some re-
strictive conditions were further formulated using lin-
car inequality as a basis for the simultancous defining
ol suitable proportions of tuft and sobolilerous grasses
at a given range of the individual agribotanical groups
(grasses 60 to 70%, leguminoses 20 to 25% and other
herbs 10 to 15%).

The elementary statistical characteristics were calcu-
lated on the proportion of the soboliferous grasses; this
supplements information on the variability of perennial
leguminoses.

RESULTS AND DISCUSSION

In the representative sample of pasture stands (alli-
ance Cynosurion) there were stand types Lolietum,
Dactylidetum. Trisetetum, and Festucetum pratense
present at 55. 27. 9 and 9% of the observed surface,
resp. Our observations given in Tabs II to IV show that
the current. common classification of trampled stand
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. The observed sites and plant communities and their environmental characteristics

Altitude Mean yearly Yearly 3
’ . vy Stand type
Site Region (m above sea | temperature | precipitation Gihne)
level) ("C) (mm) SUDLYY
De (De-Fa)
I. Slabce District of Rakovnik (Central Bohemia) 408 7.8 486 De-Pp
Lo (Lo-Dc¢)
I1. Dolni Stropnice Ceské Budgjovice Basin 470 7.1 660) Lo (Lo-Fp)
111, Tésinov Tiebon Basin 560 7.1 610 Lo (Lo-Fr)
IV. Pistina Trebon Basin 650 7.2 630 Lo (Lo-Fp)
V. Mytinky Bohemian-Moravian Highlands (southern part) 670 6.1 700 'L:)I:
VI. Kuklov Blansky Forest 710 7.0 700 Tr (Tr-Fp)
VII. Hnévanov Sumava Mountains Foothills (southern part) 740 5.6 675 Lo
VIII. Nové Huté Sumava Mountains Plains 1 020 4.2 1 088 Dc (De-Fp)

De - Dactyliderum

De-Fp  — Dactylideto-Festucetum pratense
De-Fa = Dactylidero-Festucetum arundinaceae
Dc-Pp = Dactylideto-Poetum pratense

Lo — Lolietum

Lo-D¢ = Lolieto-Dactylidetum

Lo-Fp = Lolieto-Festucetum pratense
Lo-Fr = Lolieto-Festucetum rubrae
Fp — Festucetum pratense

Tr = Trisetenm

Tr-Fp = Triseteto-Festucetum pratense

type grasses does not necessarily give a true picture of

the variability in the formation of pasture communities.

The species composition of the observed stands
tabulated by Zurich-Montpellier System, combined
with the physiognomically-floristic aspects of classifi-
cation resulted in a unified skeleton, formed by a com-
bination of constancy species (C;): Trifolium repens,
Lolium perenne, Festuca pratensis, Phleum pratense,
Dactylis glomerata, Taraxacum officinale, Plantago
lanceolata and Rumex obtusifolius (Tabs II and III).
The combinations of these fundamental species show
not only a way for sclection of the clementary species
for the individual pasture types. but also the necessity
of the permanent regulation of herbage composition in
the individual types of communities (Trifolium repens,
Taraxacum officinale) and of the permanent and com-
plex treatment for the elimination of some species (Ru-
mex obtusifolius). At present, the trends to lay out the
diversiform pasture communities, using some plants
from the group of other herbs seems to be viable,
namely for Plantago lunceolata, the species ol great
constancy in pasture communities (Tabs III and IV),
which. moreover. has been evaluated as an outstanding
herb with good dietetic properties (Mrkvi¢ka. 1998).
Two further dicotyledonous species may be recom-
mended: Achillea millefolium and, to a limited extent.
also Alchemilla vulgaris. The proportion of Achillea
millefolium should not exceed 1% in a mixture and it
should not be used in instances of delayed stand crops.

The comparison of herbage composition formation
in the observed stand types expressed in either the
broader approach (Tab. IIT) or the narrow one (Tab. IV)
indicates that their formation took a course with the
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significant effect on a community by a dominant spe-
cies or a dominant combination thereof.

Only sparse associations developed in the stand of
the type Festucetum pratense; these were of the poorest
species diversity (only 14 species totally) and differed
most from the optimal constitution as given by
Mrkvicka (1998). The proportion of white clover ex-
ceeded the critical value considerably. The groups of
the important species of the higher syntaxonomic fami-
lies (order Arrhenatheretalia, class Molinio-Arrhena-
theretea) and also the alliance Alopecurion (Tab. II)
increased gradually in the rising order Dactylidetum-
-Trisetetum and Lolietum. On the contrary, the differ-
ences in the formation ol the individual stand types
were evident from the proportion of the groups of dif-
ferential species developed namely in the types Lolie-
tum and Trisetetum.

The Lolietum. Trisetetum and Dactylidetum type
stands may be classified into the association Lolio-
-Cynosuretum Tiixen 1937, and some presuppositions
were outlined for the development of subassociations
with dominant Lolium perenne. Trisetum flavescens
and Dacrylis glomerata (Moravee et al., 1995). How-
ever, lor grassland management there appears to be
a more important specification of the lower taxons than
Is association, i.e. the combination of the physiognomi-
cally-floristic and the floristically-coenologic ap-
proaches.

From the point of view of herbage utilization, graz-
ing seems to be the most suitable utilization of the
stand types Lolietum and Festucetum. The combined
cutting and grazing may be recommended for the types
Trisetetum and Dactylidetum. under which the total
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1. The synopsis of stand composition of the observed representative sample of the pasture stands as expressed by the proportion of the
diagnostically important species within the class Molinio-Arrhenatheretea Tx. 1937, using occurrence index (Ol %). and their constancy as

constancy classes (C))

Syntaxon Species 01 (%) (op
Lo Tr De Fp IST
Trifolium repens 40.17 24.50 9.00 66.50 32.64 v
Cynosurion Lolium perenne 30.92 4.00 4.67 7.50 19.18 v
Phleum pratense 2.58 2.00 2.33 2.50 2.45 Y
Heraclenm sphondylium # : ¢ g + 1
P Trifolivm dubium + . i ; + |
Arrhenatherum elatius + s 3 + I
Galivm mollugo 0.17 0.05 |
Dactylis glomerara 2.50 4.00 41.50 + 13.05 v
Taraxacum officinale 2.50 14,00 1.83 4.00 3.50 A%
Trisetum flavescens 225 19.50 + 3.00 111
Achillea millefolium 0.33 + 0.83 0.41 m
Arrhenatheretalia Veronica chamaediys + 0.50 + 0.05 I
Alchemilla vulgaris & 3 + + 11
Anthriscus sylvestris + + + I
Chryvsanthemum lewcanthennunn + + |
Hypericum perforatum + + |
Trifolivm hybridum + 5.83 + 1.60 1l
Maolinietalia Cirsium palustre + 2y !
Sanguisorba officinalis i + ¥ |
Rumex obtusifolius 0.83 + 9.17 1.50 3.09 v
Agropyron repens + + 4.00 1.09 1
Alopecurion pratensis Awrostis stolonifera 5 3 3 |
Ranunculus repens 0.17 0.09 1
Plantago major + n + 0.50 0.05 11
Festuca pratensis 8.25 15.00 8.83 16.00 9.73 v
Plantago lanceolara 0.25 0.50 + + 0.18 41
Poa pratensis 3.7 12.00 0.33 291 1
Vicia cracca + 1.50 + 0.14 I
Trifolium pratense 0.08 + 0.05 1
MolitiioeArhenatiereien Cerastium vulgare + 0.50 0.10 |
Prunella vulgaris 0.17 0.06 I
Poa trivialis 0.08 0.05 |
Festuca rubra 3.08 : + 1.68 1
Alopecuruy pratensis 1.50 0.17 0.18 I
Lathyrus prarensis + I

Explanation to Tabs Il to V:
Lo = Lolietum

Tr - Trisetetum
De = Dacryliderum
Fp = Festucetum pratense

(ST — trampled stand type

values of the occurrence index of the species significant
for the Arrhenatherion alliance form about 40 to 50%
(Tab. III).

The best proportion of the agribotanical groups and
the highest proportion of soboliferous grasses were ob-
served in the stand type Trisetetum (Tab. V). However,

its disadvantage has been the increased occurrence of

Taraxacum officinale (Tabs 11 and III).
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The proportion of the individual grass groups. espe-
cially that of the soboliferous species, shows a certain
relationship to the proportion of perennial leguminoses
(Tabs II, III and V). This relationship was thus ana-
lysed in detail. Decrease of the leguminoses proportion
in relation to the increasing dominance of the sobolil-
erous grasses is given in Tab. VL.

The following equation of multiple regression was
found to be the most effective way for the explanation
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111, The synopsis of stand composition of the observed representative sample of the pasture stands as expressed by the proportion of the
diagnostically important species within the order Arrhenatheretalia Tx. 1931, using occurrence index (O %). and their constancy as
constancy classes ()

Syntaxon Species Ol (%) -
Lo Tr De Fp ST b
Lolium perenne 30.92 4.00 4.67 7.15 19.18 Vv
Plantago major + + + 0.50 0.05 1
LolinsCSiiaariantin Agropyron repens + + 4.00 1.09 {1
) Agrostis stalonifera + + 5 . + I
Poa trivialiy 0.08 0.08 1
Poa annua + . + oA y 1
Trifolium repens 40.17 24.50 9.00 66.50 32.64 v
Festuca pratensis 8.25 15.00 8.83 16.00 9.73 \Y%
Taraxacum officinale 2.50 14.00 1.83 4.00 150
Cynosurion Phleum pratense 2.58 2.00 2.33 2.50 245 AY
‘ Dacrylis glomerara 2,50 4.00 41.50 + 13.05 v
Plantago lanceolara 0.25 0.50 + + 0.18 111
Poa prantensis 3.17 12.00 0,33 291 1
Prunella vulgaris 0.17 5 0.06 1
Festuea pratensis 8.25 15.00 8.89 16.00 9.73 \Y
Dacivlis glomeraia 2.50 4.00 41.50 + 13.05 v
Trisetum flavescens 2358 19.50 + 3.00 1
Achillea millefolinm 0.33 + .83 0.41 n
Veronica chamaedrys + 0.50 + 0.05 |
Alchemilla vulgaris + + + ’ + 1
Kidlieiiaifietion Trifolium pratense 0.08 + 0.04 1
Anthriscus sylvestris + + . ¢ + I
Trifolium dubium + 5 s . + I
Heracleum sphondylium + 5 s % + I
Chevsanthemum leacanthemum * « y < + I
Hypericum perforatum + 3 5 . + |
Arrhenatherum elating v + . : + I
Galivm mollugo 0.17 0.05 |
Festea rubra 3.08 . + .68 I

and the prediction of the relationship between the pro-
jective dominance (%0D) of the bunchy grasses (x).
soboliferous grasses (x») and leguminosces (y):

With regard to the optimal structure of arca compo-
sition of stands of 60 o 70% grasses. 20 to 25% per-
cnnial leguminoses, and 10 to 15% of other herbs, the
isofactorial functions were calculated, and incquitics

y' =91.050 - 0.959x, - 1.585x, (3)  evaluated as follows:
Xy =57.445 - 0.631v - 0.605x 4
Ty = 0894 ? - ‘
< 44.826 - 0.605. 5)
Y X € 44.826 - 0.605y, (5)
’ - S >d 672 - ;
v, . = 0880 X2 241,672 - 0,605y, ()
X) +.45 2 00 (7)
The repressive effect of the soboliferous grasses on
S . sz oot . Xp+4,270 (8)
leguminoses was observed o be 1.6 times more inten-
sive than that of the wft grasses. This may apparently X;+.,+y 285 9)

be explained by the competition of white clover with
soboliferous grasses which is due to their similar vege-
lative propagation in stands (Klapp, 1965; Rieder,
1983; Chapman. 1996).
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Xp+4y+y <90 (10)

By calculating the entire formula system. the suit-
able ratios of bunchy and soboliferous grasses may bhe
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IV. The proportion of differential species in the observed stand types as expressed by occurrence index (Ol %)

Species Lo Tr De Fp
Prunella vulgaris 017

Ranunculus repens 017

E4111 trivialis ’ 008

Heracleum sphondylium +

Trifolivm dul);'um ’ +

Cirsium palustre +

Chrvsanthemum leucanthemum +

Hypericum perfortum +

Prunella vulgaris +

Urtica dioica +

Chenopodium album *

Erodium cicutarium +

Tripleuraspermum maritimum +

Myosotis un':“'uxix . +

Polvgonum aviculare

Plantago media ’ +

Arabidopsiy thaliana . 050

Arrhenatherum elatius +

Sangiisorba officinalis +

Lathyrus pratensis

Aegopodium podagraria +

Vicia angustifolia i ¢

Medicago sativa 0 50
Galium mollugo 017
Agrostis tenuis +
Arctinm tomentosum +

charted. Put more simply, the results of this calculation.
expressed as the percentage ratios ol tuft grasses x|,
soboliferous grasses x,. leguminoses y, and other herbs
v, are as follows:

[ x+xn +y +: 100 | (n

46+ 14 +25 + 15 =100

S5+ 10 +225+ 125 =100 (12)

644+ 6 +20 + 10 100

[

Nevertheless. since other herbs have not usually been
a component of seed mixtures, it is necessary to correct
the relation (12) in the following manner (premising that
other herbs propagation within a stand has been uniform
in relation to the other three components):

[ xi+x +v =10 [ (13)

54+ 165+ 295= 100
63+ 11.5+255= 100 (14)

M+ 7 +22 = 100
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The introduction of valuable herbs and the formati-
on of their regional varieties should be taken into con-
sideration. It might help both the optimization ol the
stand composition and the improvement of the dietetic
quality of herbage biomass.

The insufficient proportion of soboliferous grass
species has been the predominant tendency. resulting in
the excessive propagation ol white clover. Within the
tuft gasses, Dactvlis glomerata showed to be very com-
petitive with leguminoses. The application of the sobo-
liferous grasses in cocksfoot stands might help a better
stand establishment (Tab. V). A timely utilization of
these communities however, appears necessary to reta-
ining the suitable ratio of leguminoses.
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V. Summarized stand compositions of the pasture stands representative sample expressed by occurrence index (01, %)

Agribotanical group Lo Tr De Fp IST
_ Bunchy grasses 47.42 44.50 62.50 26.00 49.33
Stoloniferous grasses 6.33 13.50 4.67 0 5.96
Sum of grasses 53.75 58.00 67.17 26.00 5529
Perennial leguminoses 40.25 26.00 1533 60.50 34.57
Other herbs 434 16.00 12.67 6.50 7.88
Naked places 1.66 + 5.00 1.00 228

VI. Mean values (y. %0) and basic statistical characteristies (S,.
V%) of projective dominance of perennial leguminoses at different
values ol projective dominance of the soboliferous grasses (xy. %D)

X v Sk V.

0 46.29 15.01 3242

1-10 34.36 12,62 36.72

11-20 20.60 10.29 49.93

21-40 5.50 0.71 12.86
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VPLYV DIFERENCOVANEHO HNOJENIA
NA ZABURINENOST OZIMNE]J PSENICE A ZNIZENIE
UROD ZRNA

THE EFFECT OF DIFFERENTIATED FERTILIZATION ON WEED
INFESTATION OF WINTER WHEAT AND DECREASE OF GRAIN YIELD

Regional Research Institute of Agroecology, Michalovee, Slovak Republic

ABSTRACT: Great differences in weed infestation in different years and in dependence on nutrition intensity were shown
in three-year investigation of weed infestation of winter wheat stands in the ficld stationary trial conducted in experimental
hasis of the Regional Research Institute oft Agroecology. Michalovee on East-Slovakian Lowlands. Intensity ol secondary
weed infestation was studied on ten models of live-plot crop rotations. Winter wheat, the Hana variety. at the sceding rate
of 5 mil. germinating seeds per | ha and row spacing of 125 mm. was used in the trial. Five variants with differentiated
nutrition intensity was evaluated in total. The occurrence of weeds was [inding a week before harvest. The dominance of
weeds was evaluated by nine-point scale EWRS. The occurrence of the following weeds was recorded: quackgrass. barnyard-
grass, wild oat. common hair-grass. common dungweed. field thistle. ficld horsetail. black bindweed. corn chamomile. and
willow weed. Total weed infestation of stands was cvaluated separately — all species of vegetating weeds. Good competiti-
veness of winter wheat has been confirmed in the trial. Average weed infestation of studied stands was on relatively low
level in the evaluated three-year period. whereas higher weed infestation was recorded in the year with carlier start of spring
when the period of lower temperatures occurred. A marked differentiation in weed infestation and competitiveness ol culti-
vated crops in conditions of different level of nutrition of stands was found in the trial. General increase of stand weed
infestation in dependence on the decrease of nutrition intensity of variants was confirmed whereas the variant with rational-
izing nutrition is considered as favouring in view of competitiveness ol cultural crop. The decrease of not only competitiveness
ol stands was found with falling nutrition intensity but also the yields of cultivated crop. The occurrence of weeds participated
statistically significantly in decrease of winter wheat yields in most cases. Our results confirm the fact that a serious role in
crop production is played by appropriate nutrition and fertilization of stands what can damp as well as support compelitiveness
of cultural and weed plants.

Keywords: winter wheat: competitiveness: weed infestation: nutrition intensity

ABSTRAKT: Pri trojro¢nom sledovani zaburinenosti porastov ozimnej pSenice v polnom staciondarnom pokuse na experi-
mentdlnej hize OVUA Michalovee na Vychodoslovenskej nizine sa ukizali znacné rozdiely v zaburinenosti v jednotlivych
rokoch a v zdvislosti od intenzity vyZzivy. VySSia zaburinenost bola evidovand v ro¢niku so skorSim nastupom jari. ked este
prislo obhdobie nizsich teplot. V pokuse sa

stila vyraznd diferenciicia v zaburinenosti a konkurencénej schopnosti pestovanej
plodiny v podmicnkach rozdielnej Grovne vyZivy porastov. Potvrdilo sa vieobeené zvySovanie zaburinenosti porastov v zi-
vislosti od poklesu intenzity vo vyZzive variantov. pricom za lavorizovany z hladiska konkurenénej schopnosti kultirnej
plodiny pokladiame variant s racionalizacnou vyzivou, S klesajicou intenzitou vyzivy sme zistili pokles niclen konkurenénej
schopnosti porastov. ale i tirod pestovanych plodin. Vyskyt burin sa vo viicSine pripadov Statisticky preukazne podiclal na
znizovani drod ozimnej pSenice.

KIicové slovi: ozimnid pSenica: konkurenénd schopnost: zaburinenost: intenzita vyzivy

UvoD tovanych plodin pri strednej a silnej zaburinenosti

moze dosiahnut aj viac nez 30 %. Pri wltdlne) zaburi-

Buriny st neoddelitelnou sacastou agrofytocenoz
obriabanych pad. St jednym z [aktorov, ktoré mozu ne-
gativne ovplyvnil dspeSnost pestovania polnych plodin.
Ako sicasl rastlinnych spolocenstiev spdsobuji straty
v polnohospodirskej vyrobe aj pri sicasnych odburiiio-
vacich zikrokoch (Cernugko. 1991). ZniZenie trod pes-
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nenosti mozu byt az 90% straty na drode (Tyr. 1995).

Aj napriek stcasnym ekonomickym a ekologickym
tlakom nie je mozné vyhnuit sa aplikicii herbicidov.
Cicl' znizit mnozstvo aplikovanych herbicidov vedie
k ujasneniu sposobov ich pouZzitia. Jednou z moznosti

je podpora konkurenénej schopnosti porastoyv spravinc
1 dpora konkurenénej schopnost tov spravnou
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vyzivou a hnojenim rastlin (Wilson,
Dyck et al.. 1995). VyZiva je zakladom konkurencnej
schopnosti kultirnych rastlin. (Jornsgard et al., 1996).
Citovani autori pokladaji z hladiska ochrany Zivotného
prostredia za favorizované varianty s nizsimi aplikac-
nymi davkami dusika i z aspektu ovplyvneni zmien
v populacii burin. Tyr (1995) sa domnieva, Ze konku-
rencny tlak kultdrnych rastlin i burin je vyznamne ov-
plyviiovany aj hnojenim, a to najmi dusikom. Pri hno-
jeni dusikom klesda zaburinenost plodin v porovnani
s nehnojenymi parcelami. Uvedené vz(ahy su platné za
predpokladu dobre zapojeného porastu. Ked' je porast
riedky, zvySené hnojenie dusikom posiliuje konkurencnu
schopnos( burin. Richards (1989) v pokusoch s ozim-
nou pSenicou zistil, Ze vy&Sia pokryvnost pody plodi-
nou mi za nasledok mengiu pokryvnost burin. Caussa-
nel et al. (1996) uvadzaji preukazné ovplyvnenic drod
ozimnej pSenice konkurenénou schopnostou burin, na-
priek sucasnému zvySovaniu trod pSenice v podmien-
kach zvySovanych divok dusika. Jornsgard ct al.
(1996) pokladaju informacie o vyZive za doleZity fak-
tor pre vyuzitie integrovanych systémov boja proti bu-
rindm. Benada, Vaiova (1985) povazuji za potrebné
prihliadal na skutoCnos(, Ze vztahy medzi $kodlivym
vyskytom burin a drodou pestovanej plodiny st znacne
premenlivé a zdvislé od mnohych Cinitelov. Preto aj
vyjadrenie §kodlivosti neméze byt konStantnou hodno-
tou, ale predstavuje rozsah hodnét, ktory zodpovedi
premenlivosti vplyvu posobiaceho na kultirne rastliny
a Skodlivé cinitele.

Cielom predloZencej price je dokumentovat intenzitu
neskorej letnej zaburinenosti porastov ozimnej pSenice
v zavislosti od intezity vyzivy a po pouziti herbicidov
v pestovatelskom procese. Dal§im prvkom je kvantifikd-
cia vplyvu zaburinenosti v interakénom péosobeni s dife-
rencovanou uroviiou vyzivy na arody ozimnej pSenice.

1986; Kudsk, 1989;

MATERIAL A METODA

Problematiku zaburinenosti ozimnej pSenice sme rieSi-
li v ramci stacionarnych sustav striedania plodin. Pokus
bol zaloZeny na experimentilnom pracovisku OVUA
Michalovee vo Vysokej nad Uhom v polnom staciondri

I. PouZité davky zivin podla variantov —

na fluvizemi, v bezzavlahovych podmienkach, v rokoch
1995 az 1997. Lokalita sa nachadza 20 km juzne od
Michaloviec, v nadmorskej vyske 107 m a reprezentuje
centrdlnu Cast Vychodoslovenskej m/my oblast s kon-
tinentdlnym riazom podnebia.

Pada je hlinitopiesocnatej az hlinitej skladby, podla
rozborov (1997) priemerny obsah humusu ¢ini 2.1 %,
hodnota pH v KCI je 6,7, vymennd sorpénd kapacita
24,9 mmol.100 g". Z klimatického hladiska sa lokalita
nachadza v oblasti teplej polosuchej az suchej s pric-
mernou teplotou vzduchu vo vegetacnom obdobi 15.2 °C,
priemernd ro¢nd teplota je 9 °C. Dlhodoby rocny prie-
mer zrazok je 557 mm. z toho vo vegetecnom obdobi
397 mm. Informacie o priebehu poveternostnych pod-
mienok st ziskané z miestnej meteorologickej pozoro-
vacej stanice.

Charakteristika pokusnych rokov

1994 — zriZkovo normdlny, teplotne vyrazne nadnor-

malny

1995 — zrizkovo podnormalny, teplotne micrne nad-
normdlny

1996 — zrizkovo mierne nadnormilny, teplotne micrne
podnormalny

1997 — zrizkovo vyrazne nadnormalny, teplotne mier-
ne podnormilny

Intenzitu druhotnej zaburinenosti sme Studovali v pia-
tich opakovaniach, priestorovo a ¢asovo rozlozenych,
a na desiatich modeloch piathonovych osevnych postu-
pov. Spasob zaloZenia staciondrnych sustav stricdania
plodin publikovali Rinik. Toth (1996). V pokuse bola
pouZitd ozimna pSenica, odroda Hana, pri vysevku
5 mil. kli¢ivych semien na | ha a Sirke medziriadkovej
vzdialenosti 125 mm. Celkom bolo hodnotenych piit
variantov s diferencovanym hnojenim (tab. I), pricom
aplikdcia pesticidov a vipnenie boli plosné.

Charakteristika pripravkov

Biopreparat Biosil je zmesou lahko rozloZitelnych
mineralnoorganickych latok. ktora sa dodava do pody.
Je vyrdabany na baze druhotnych surovin z mlickaren-
ského priemyslu. Obsahuje nedpecifické humusové lit-
ky a rastlinné Ziviny. ktoré spolu s dalSimi bioaktivizu-

Used rates of nutrition according to the variants

Viiiianit! N P K Zeomix Biosil CaCO4 Mastalny hnoj?
SN (ke.ha™") (kg.ha™H (kgha™!) (Lha™) (tha't)
L 105 58 100 - - 6 40
1. (13.5)" o~ " 150 - 6 40
118 = - = = 150 6 40
V. - e - - - O 40
V. - - - = - 6 -

& . . - . . . . s . ~ . < P .

hnojenie masdtalnym hnojom a vipnenic mletym vipencom priebezne, systémom raz za pif rokov na zaciatku roticie osevného postupu —
fertilization by dung and liming with ground limestone continuously. by the system once five years at the beginning of crop rotation
8

Ziviny obsiahnuté v Zeomixe — nutrients comprised in Zeomix

- 2
variant. “dung
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jucimi zlozkami pdsobia ako bioaktivétor na podne pro-
stredie a pddnu biofaunu.

Zeomix je zakladné viaczlozkové zeolitové hnojivo.
Okrem zdkladnych Zivin (N, P, K) obsahuje v stopo-
vom mnoZstve prvky B, Mo, Ti, Fe, Mg a Ca. Podiel
aktivnej zeolitovej zloZky typu klinoptilolit je 36 aZ
42 %.

Vyskyt burin sme v silade s metodikami burinar-
skeho vyskumu (Hron, Kohout, 1967) zistovali odha-
dom, tyzdei pred zberom. Pokryvnos( burin sme hod-
notili deviitbodovou stupnicou EWRS: 1 (porast bez
burin) az 9 (totalna zaburinenost). Zaznamendvali sme
vyskyt tychto druhov burin: pyr plazivy, jezatka kuria noha,
ovos hluchy, metlicka obycajna, mrlik biely, pichliac rol-
ny, praslicka rolnd, pupenec ovijavy, ruman rolny
a hor&iak broskyiiolisty. Osobitne sme hodnotili celko-
vii zaburinenenost (CZ) porastov, L. j. vietky druhy ve-
getujucich burin.

Ziskané tdaje sme matematicky spracovali a podro-
bili korelaéno-regresnej analyze.

VYSLEDKY A DISKUSIA

Priemernd zaburinenost ozimnej penice bola v hod-
notenom trojroénom obdobi (tab. II) na pomerne nizke;j
urovni (3,42 bodov). Na dobri konkuren¢ni schopnost
pSenice poukazuji aj Wilson, Wright (1990), ktori zis-
tili, Ze hustym porastom pSenice bola potladend viicSina
vegetujicich burin. Pri¢inu dobrej konkurencnej schop-
nosti a odolavania tlaku burin hustosiatymi obilninami
vidi Cernusko (1991) v kompletnosti porastov, rych-
lom raste, mohutnosti a allelopatii.

11. Minimdlna, maximilna a priemernd zaburinenos( porastov ozim-
nej penice — Minimum, maximum and average weed infestation of
winter wheat

Variant! 1995 1996 1997 z
min | 1 2 I
L. max 4 6 6 6
X 2.82 3.31 39 34
min 1 I | I
1L max 5 5 5 5
X 2.82 2,38 2.8 2,6
min | 1 2 |
11 max 6 7 7 7
X 327 25 3.6 3.1
min 3 | 3 1
V. max 8 8 8 8
X 4.601 3 4.2 3.92
min 2 I 3 |
V. max 8 7 9 9
| x 391 3,46 5 4.1
X 3.48 293 39 342
'variant
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Celkovi zaburinenost porastov (tab. II) i vyskyt jed-
notlivych druhov burin (tab. III) podla ro¢nikov vyraz-
ne varirovali. Najvy§§i vyskyt burin sme zaznamenali
v roku 1997 a najnizsi v roku 1996. Hnat, Rinik (1990)
uvadzaju, ze vo vztahu k zaburinenosti ozimnej pSenice
zohrdva jednu z najddlezitejSich tloh nastup fizy od-
nozovania. Ak dochddza k odnoZovaniu az na jar, vy-
razne sa znizuje konkurentna schopnost pSenice. Buri-
nou s najviacsimi rozdielmi vo vyskyte v sledovanych
ro¢nikoch bol ovos hluchy. Jednym z vyznamnych fak-
torov, determinujucich rozdiely v celkovej zaburinenosti
a vyskyte hlavne ovsa hluchého, st rozdiely v ndstupe
jari (Kohout, Zahradnikova, 1995). Vys§ia zaburine-
nost sa predpoklada v ro¢nikoch so skorSim nastupom
jari, kedy spravidla eSte prichddza obdobie nizkych
teplot. Porasty sa zapojuji pomaly a vzchadzajice bu-
riny sa v nich daleko lepsie uplatnia. Najfrekventova-
nejSimi burinami (tab. III) boli pyr plazivy, pupenec
rolny, ovos hluchy a ruman rolny. Pyr za sledované
trojrocné obdobie dosiahol az 25% zastipenie v ramci
vyskytujicich sa druhov burin. Druhou najfrekventova-
nejSou burinou bol pupenec rolny (19,7 %). Skilu naj-
Castejie sa vyskytujacich druhov burin dotvirali ovos
hluchy (16 %) a ruman rolny (15 %). Pomerne milo
frekventované boli pichlia¢ rolny (5,7 %), hor¢iak bros-
kynolisty (2 %), praslicka rolna (1,7 %) a mrlik biely
(I %). Ozimnd burinu metli¢ku obyCajni sme v poras-
toch ozimnej pSenice nezaevidovali, a tiez ani vyskyt
letnej buriny jeZatky kurej nohy. Zo skupiny ostatnych
druhov burin (14 %) sa najcastejSic vyskytovali hospo-
darsky malo vyznamné druhy ako drhnicka rolna
a rozne druhy veronik. Pyr plazivy patri podla viace-
rych autorov k najrozsirenejSim hospodarsky vyznam-
nym burindm (Hron, Kohout, 1986).

Z tab. II je zrejmd ticZ rozdiclna zaburinénost va-
riantov. V priemere za trojro¢né obdobie sme zistili
vy§Siu zaburinenost prvého variantu v porovnani s va-
riantom druhym. Richards (1993) na ziklade pokusov

ML Pokryvnost burin v porastoch ozimnej pfenice podla rokov -
Weed area in winter wheat stands according to the years

1997 v
1,00 1,06 1,36 114

Burina' 1995 1996

HorGiak broskyiiolisty?

Jezatka Kuria noha' 1.00 1.00 1.00 1.00
Metlicka obycajnat 1.00 1.00 1,02 1.01
Mrlik biely’ 113 1.09 1.00 1.07
Ovos hluchy® 3,10 2,28 1:25 2.21
Pichlia¢ rofny’ 151 1.26 1.51 1.43
Praslicka rolna® 1.00 111 1.24 1,12
Pupence ovijavy” 248 2,08 2,99 2,51
Pyr plazivy'” 2.88 2,59 3.20 2.89
Ruman rofny"! 323 1.57 1.71 2.17
Ostatné!? 237 1.57 2,50 2,14

I Zioy 3 -+ . 5
weed, “willow weed. “barnyardgrass, “common hair-grass, “com-

% o s ‘oo R :

mon dungweed, “wild oat, "field thistle, *ficld horsetail, "hlack bind-
10 1" . 2

weed. quackgrass. ' corn chamomile, Pothers




s odrodami ozimnej pSenice zistil najvy§si vyskyt burin
vo variantoch s najvy$§imi davkami dusikatej vyZivy.
Z hladiska ochrany Zivotného prostredia pokladaji Jorns-
gard et al. (1996) za favorizované varianty s nizsSimi ap-
likanymi davkami dusika i z aspektu ovplyvnenia zmien
v populdcii burin. Zaburinenost variantov I, IV a V stipa
s poklesom intenzity vyZzivy variantov. Variant I1I sa svo-
jou zaburinenostou zaradil medzi prvé dva varianty.

V intenciach niektorych zisteni (Richards, 1989), Ze
vysSia pokryvnost pody plodinou md za nasledok mensiu
pokryvnost burin, nami pozorované udaje o minimal-
nej. priemernej a maximalnej zaburinenosti variantov
(tab. II) implicitne poukazuji na rozdielnu konkurenénu
schopnost diferencovane vyzZivovanych porastov ozim-
nej pienice. Klesanie pokryvnosti burin so zvySujicou
sa hustotou kultirnych rastlin v podmienkach diferen-
covanej vyzivy a hustoty vysevku zistil aj Wright (1993).

Urody ozimnej penice boli za trojroné pokusné
obdobie v stredne silnej negativnej korelacii s intenzitou
zaburinenosti, a to u vSetkych variantoch vyZzivy
(tab. IV). Podla rokov a variantov vyZivy tito zivislost
kolisala od hodndt slabej po vel'mi silni koreldciu. Zna-
mienka korelaénych koeficientov vo vztahu k typu re-
gresnej funkcie zodpovedaji i hladisku ekonomickej
interpreticie Skodlivosti vyskytu burin. VaZnost Statis-
tickej preukaznosti moézeme analyzovanym vztahom
pristdit na arovni dosahovanych hladin vyznamnosti.

NajsilnejSiu vizbu medzi pokryvnostou burin a dro-
dami ozimnej pSenice sme zistili pri nehnojenom va-

riante V. Variabilita zaburinenosti spésobila az 41,92 %
zmien vo variabilite trod pSenice na tomto variante.
V ramci sledovanych variantov sme najnizsiu zavislost
trod od zaburinenosti porastov zaznamenali na variante
s pouzitim Biosilu. Zmeny vo variabilite zaburinenosti
tohto variantu sposobili 13.06 % zmicn vo variabilite
trod ozimnej pdenice. Z tab. IV vyplyva. Ze v ramci
variantov I. IV a V stapa skodlivost burin s klesajicou
intenzitou vyzivy. Zavislost medzi drodami a zaburine-
nostou na variante I a I je priblizne na rovnakej trov-
ni. Parametre analyzovanej zavislosti mali na kazdom
variante v jednotlivych rokoch kolisavy charakter.
Z uvedenych vysledkov je zrejmy vyrazny vplyv zabu-
rinenosti porastov na zniZenie urod ozimnej pSenice.
Klesanim intenzity vyzivy sa zvySovalo rozpitie v za-
burinenosti porastov so sicasnym zvySovanim hospo-
darskej Skodlivosti vegetujicich burin, ¢o koreSpondu-
je s udajmi z literatiry (Caussanel et al., 1996), podla
ktorych konkurenc¢na schopnost burin preukazne ov-
plyviovala urody ozimnej pSenice, napriek sicasnému
zvySovaniu trod pSenice v podmienkach zvySovania
intenzity vyzivy. Znizenie intervalu zaburinenosti
v porovnani s variantom 1 sme zistili na variante I, ¢o
je v sialade s literatdrou (Jornsgard et al., 1996).
Funkéné zavislosti trod ozimnej pSenice od zaburi-
nenosti porastov st znizornené na obr. 1. Parametre
regresnych kriviek s uvedené v tab. IV. Ohranicenie
funkcii na osi x je determinované redlne dosiahnutymi
hodnotami pokryvnosti burin, uvedenymi podla jednot-

IV. Dosiahnuté parametre korelacno-regresnej analyzy zivislosti irod od zaburinenosti porastov ozimnej pienice — Achieved parameters of
correlation-regression analysis of dependences of yields on weed infestation of winter wheat stands

Variant' Parameter? 1995 1996 1997 z
r 0.02035 0.04334 0.03049 0.00504
L r -0.65671 0.566943 -0.59909 —).44572
R-sq 43,13 32.14 35.89 19.87
model* linedrny® recipro¢ny? linedrny linedrny
r 0.00186 0.64890 0.01105 0.00399
n K -0.7982 -0.13971 -0.67691 ~-0.45624
R-sq 63.71 195 45.82 20.82
model lineirny multiplikacny® lineirny lineirny
P 0.00569 0.21702 0.01336 0.0258
m r -0.74232 -0.36727 -0.66382 -0.36137
R-sq 55.10 13.49 44.07 13.06
model linedrny linedrny lineirny linedrny
P 0,00001 0.12019 0.29488 0.00032
v r -0.93473 -0.45287 -0.31476 -(),55253
R-sq 87.37 20.51 991 30.53
model multiplikacny lincdarny linedarny lincirny
r 0.00061 0.0047 0.01223 0.00001
V. r 084113 (.728986 —0,66998 -0.64746
R-sq 70.75 53.14 44.89 41.92
model multiplikacny reciprocny linedarny linearny

b 2 3 &; B o W
variant. “parameter. “model. “linear, “reciprocal. "multiplication
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L. Zavislost rod ozimnej pSenice od in-
tenzily zaburinenosti podla variantov —
Dependence of winter wheat yicelds on in-

tensity of weed infestation according to
—_—l. variants
= e N
V. os x: zaburinenost — x axis: weed infesta-
tion

livych variantov v tab. II. Z tychto ddajov su evidentné
rozdiely v intervale zaburinenosti diferencovane vyZi-
vovanych porastov. Richards (1989) v silade s naSimi
vysledkami uvadza, Ze vySsia pokryvnost pddy plodi-
nou ma za nasledok menSiu pokryvnost burin a impli-
citne vypovedd o roznej konkurencnej schopnosti po-
rastov, resp. o poklese konkurentnej schopnosti
porastov s klesajicou intenzitou vyZivy jednotlivych
variantov. ZvySenie intenzily zaburinenosti sa vo Vicsi-
ne pripadov preukazne prejavilo na zniZeni trod sledo-
vanej plodiny.

Nase zistenia koreSponduju s tvrdenim niektorych
autorov (Lintell-Smith et al., 1992; Wright, 1993), pod-
Ia ktorych je konkurenény tlak kultirnych plodin i bu-
rin vyznamne ovplyviiovany aj hnojenim. Jornsgard et
al. (1996) pokladaji vyZivu za zdklad konkurenénej
schopnosti kultirnych plodin. NaSe vysledky tieZ po-
tvrdzuju zistenie (Caussanel et al., 1996). podla ktoré-
ho konkurencna schopnost burin preukazne ovplyviuje
Grody ozimnej pSenice. naprick sicasnému zvySovaniu
urod pSenice v podmienkach zvySovanych ddvok dusi-
ka, a podporuji tvrdenie (Zanin et al., 1993), Ze pri
absencii informadcii o vyZive nie je mozné stanovil eko-
nomicky prah $kodlivosti a ndsledne kalkulovat s eko-
nomickou efektivnostou pouzitej herbicidnej ochrany.
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METODICKE ASPEKTY GENETICKE TRANSFORMACE
CHMELE (HUMULUS LUPULUS L.)

METHODICAL ASPECTS OF HOP (HUMULUS LUPULUS L.) GENETIC
TRANSFORMATION

P. Oriniakova', D. Pav.ingerovéz, J. Matousek’

: University of South Bohemia, Faculty of Biological Sciénces, Ceské Budéjovice, Czech
Republic

2 Institute of Plant Molecular Biology, Academy of Sciences of the Czech Republic, Ceské
Budéjovice, Czech Republic

ABSTRACT: In our previous work (Oriniakova. Matoudek. 1996) we have proved the possibility of hop (Humulus lupulus
L.) transformation using Agrobacterium tumefaciens. The base ol hop transformation system is the regeneration media HT2
(Svoboda. 1991). We used A. tumefaciens LBA 4404 bearing helper plasmid pAL4404 (Hoekama et al.. 1983) and a plasmid
p35SGUSint (Vancanneyt et al., 1990) bearing chimerical gusA gene with an intron and the nptll gene for kanamycin
resistance for hop transformation. The main goal of this work was to optimize the standard protocol used for hop transfor-
mation in respect to the most usual reasons of low [requency of transgenic plant regeneration: ) non-competence of plant
cells for transformation (Potrykus, 1990). 2) cells do not produce enough amount of signal molecules inducing A. wmefaciens
vir genes (Winans, 1991). 3) transgenes silencing caused by methylation. 4) inhibition of transgenic shoots by products of
hypersensitive reaction. The standard method and alternative changes of individual steps are described in Tab. [. Slightly
higher frequency (40%) of transformation was achieved only using pre-cultivation of hop explant on regeneration media
before transformation (Tab. 1. var. 2) in comparison with the standard method (36%) (Tab. I1). It is possible that the
pre-cultivation could induce a transformation competent state in a part of cells. However, this method does not affect the
gusA expression in calli (Tab. I11). The use of acetosyringone, a vir genes inducing phenolic signal molecule, during A. ru-
mefaciens cultivation, did not increase frequency of callogenesis on selective regeneration media (Tab. 11). We tried to increase
the transformation frequency by inhibition of possible cytosine methylation of transgenes using S-azacytidine. However, the
effect of S-azacytidine was rather negative in respect to the callogenesis and 5-azacytidine did not affect positively the ability
of shoots to root on selective media (Tab. 1V). The use of antioxidants polyvinylpolypyrrolidone (PVPP) and dithiotreitol
(DTT) in double layers media, successfully used by Perl et al. (1996) for grape transformation. did not affect the result of
hop transformation (Tab. IV). Transgenic hop shoots able to root on selective media did not regenerate in any ol used
alternative hop transformation method. For this reason we analysed gusA transgene expression (Jefferson, 1987) in calli. We
compared five hop transformation methods (Tab. 111). The B-glucuronidase activity was detected only in calli aroused using
HT3 method. The scheme of this method is described in Fig. 1. Agrobacterium is re-suspended in 0.01M MgSO,. Hop explants
are co-cultivated in this suspension during 20 min and than are incubated on the solid MS media over night. The explants
are moved on regencration selection HT2 media in the next day. We detected the B-glucuronidase activity in calli (Fig. 2)
and iri roots regenerated from calli (Fig. 3). We observed. that the GUS activity is localised only in a small part of callus
after ten weeks of cultivation. In contrast to calli. we did not detect the B-glucuronidase activity neither histologically. nor
fluorometrically in shoots. Moreover, regenerated transgenic hop shoots were not able to root on selection media. even using
this improved method for hop transformation (Tab. V). We selected ten shoots for DNA isolation and for the Southern blot
analysis, but the radioactively labelled probe did not hybridise with any of DNAs. On the basis of our results we speculate
that transgenes are not expressed for two possible reasons: 1) transgene silencing could be caused by other mechanism than
methylation, reviewed for example by Finnegan, McElroy (1994), Flavell (1994), Meyer (1996). 2) hop cells dividing during
callogenesis on selection regeneration media could be different from cells which are the base of hop shoot regeneration.

Keywords: hop: Humulus lupulus L. transformation: Agrobacterium tumefaciens: gusA: acetosyringone; 5-azacytidine: an-
tioxidants: B-glucuronidase activity

ABSTRAKT: Cilem price bylo optimalizovat standardni postup transformace chmele s prihlédnutim na nejcast&jsi piiciny
nizké frekvence regenerace transgennich rostlin. Jejiho mirného zvyseni u vyhonki chmele z kalust na selek¢énim regenerac-
nim médiu bylo dosaZeno pouze preinkubaci explantati chmele na regeneraénim médiu. Avsak preinkubace nevedla k expresi
transgenu gusA v kalusech. PouZiti acetosyringonu. 5-azacytidinu. resp. antioxidanti v systému transformace nevedlo ke
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zvyseni frekvence tvorby kalusti z explantiti chmele na selek¢nim regeneracnim médiu ani ke zvySeni frekvence regenerace
vyhonkii schopnych kofenit na kanamycinu. Proto byla sledovina exprese transgenu gusA primo v Kalusech po transformaci.
Aktivita B-glukuroniddzy byla zjidténa pouze v kalusech a kofenech regenerovanych z kalusi, které vznikaly za pouziti
optimalizovaného postupu transformace HT3. Po deseti tydnech byla aktivita B-glukuronidizy detekovina jiZ jen v urcitych
oblastech kalusu. Ve vyhoncich, které vznikaly po transformaci postupem HT3. viak aktivita B-glukuronidizy detekovana

nebyla ani tyto vyhonky nckofenily na selekénim médiu s kanamycinem.

Klic¢ova slova: chmel; Humulus lupulus L. transformace: Agrobacterium tumefaciens: gusA: acetosyringon: S-azacytidin:

antioxidanty: aktivita B-glukuroniddizy

UvoD

Pii transformaci pomoci A. tumefaciens se vyuziva
piirozené schopnosti této bakterie vnaSet ¢ast své plas-
midové DNA, T-DNA (transferred DNA) do genomu
rostliny. Prenos T-DNA zajiStuji proteiny — produkty
gent vir (geny virulence). lezicich na plasmidu Ti (tu-
mour inducing), a chromozomdlnich genti agrobakteria.
Proces transformace pomoci A. rumefaciens je ovliviio-
van mnoha faktory, které urCuje rostlinna bunka. K za-
hajeni prenosu T-DNA je potieba, aby byly indukova-
ny membrinové receptory agrobakteria (VirA, VirG,
ChvE), které jsou aktivatory transkripce gent vir. Jako
indukéni latky synergicky pusobi fenolické latky. mo-
nosacharidy a kyselé pH prostiedi (Winans, 1991). Fe-
nolické latky jsou produkty poskozenych rostlinnych
bunék. Je-li produkce fenolickych latek nizka. nedojde
k dostatecné aktivaci gent vir agrobakteria a aspésnost
transformace je mald. Schopnost transformace Ize u agro-
bakteria podpofit pridanim latek, které piimo aktivuji
expresi gent virulence. Kromé jinych fenolickych latek
(napfi. Stachel et al., 1985: Song et al., 1991a, b) to
muze byt acetosyringon v kombinaci s jednoduchymi
sacharidy. Vedle produkce fenolickych liatek musi byt
rostlinnd buiika ve stavu, kdy je kompetentni k transfor-
maci. Jen mala ¢ast bunék rostlinného pletiva je kompe-
tentni zaroven k regeneraci i transformaci, avsak kom-
petenci bunék k transformaci je moZné podpofit
pusobenim rastovych hormont (Potrykus, 1990).

Dile je nutné, aby se transgen integroval do genomu
rostliny a byl stabilné exprimovin. U mnoha transgen-
nich rostlin v§ak dochazi k utichani exprese. Mechanismy
tohoto procesu prehledné zpracovali napi. Finnegan,
McElroy (1994), Flavell (1994), resp. Meyer (1996). Je
pravdépodobné, Ze vé&inou je transgen inaktivovin
metylaci, jak to v pfipadé transgenniho tabaku dokazali
napi. Schmiilling, Rohrig (1995) nebo Ingelbrecht et al.
(1994). Metylace maze byt inhibovana pii kultivaci
transgennich rostlin nebo kalustt na médiu s obsahem
S-azacytidinu. Timto zpisobem bylo dosaZeno vyznam-
ného zvyseni frekvence regenerace transgennich rostlin
napi. u A. thaliana (napt. Palmgren et al., 1993; Man-
dal et al.. 1994). Regencrace transformanti mize byt
inhibovana také napf. oxidativnimi produkty hypersenzi-
tivni reakce. Zvysit frekvenci regenerace transformanta je
mozné sniZzenim koncentrace téchto pfirozenych inhibi-
tora regenerace (Perl et al., 1996).

220

Vyieseni technologie transformace chmele je jednim
z piedpokladi rozvoje biotechnologii ve chmelaiském
pramyslu. Nejcast&jsim zptisobem vnadeni transgent do
genomu rostlin je transformace pomoci bakterie A. tu-
mefaciens. Transformace chmele maze byt pouZita pii
feSeni problematiky ozdraveni chmele od viroidl a ji-
nych molekuldrnich patogend za pomoci technik tzv.
antisense nebo ribozyma (Matousek et al.. 1995). V na-
§i predchozi praci jsme ovérili tésny kontakt A, rumefaci-
ens a tkani chmele pomoci elektronového mikroskopu.
Ddle jsme dokdzali schopnost agrobakteria vnaset
T-DNA do genomu chmele za pouZiti zkousky agroin-
fekei, detekovali jsme vneseny transgen pomoci meto-
dy PCR a u jedné z rostlin jsme prokazali chimerismus
za pouZziti Southern blotu (Oriniakovd, Matousek, 1996).
Tyto vysledky definitivné potvrdily moznost transforma-
ce chmele pomoci A. rumefaciens. Aviak u vyhonk
regenerovanych po translormaci na médiu HT2 za pri-
tomnosti kanamycinu rast kofend postupné ustival, kore-
ny dorastaly maximalni délky 1 cm a u vyhonkt se ne-
podafilo prokéazat aktivitu B-glukuronidézy (neuvedeno).

V prici jsme se zabyvali optimalizaci postupu trans-
formace chmele. Sledovali jsme vliv acetosyringonu na
tvorbu kalust, vliv 5-azacytidinu na regeneraci a ex-
presi transgent u vyhonki regenerovanych po transfor-
maci. Dale jsme hodnotili vliv antioxidanta na tvorbu
kalust a regeneraci transgennich rostlin chmele. Sledo-
vali jsme dusledek predpisobeni explantitd chmele na
regeneracnim médiu pfi transformaci chmele. Diky op-
timalizovanému postupu transformace chmele jsme de-
tekovali aktivitu B-glukuronidizy v kalusech a regene-
rovanych korenech chmele.

MATERIAL A METODA
Rostlinny material

Pouzivali jsme meriklony chmele odvozené z Osval-
dova klonu 72, péstované in vitro. Transformovali jsme
explantaty (listy. fapiky. internodia) z merikloni AR,
B16, 4633 a 1683. Rostliny byly mnoZeny vegetativné
a nekolik let udrzovany in vitro pasazovanim kazdych
sedm az deset tydni. Péstoviny byly v kultivaéni mist-
nosti na zakladnim médiu pro péstovani chmele (H). pri
teploté 22 az 25 °C a pri osvétleni 100 pmol
(PAR)/m?/s (16h fotoperioda).
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Média pro kultivaci chmele in vitro

Rostliny chmele byly udrzovény in vitro na médiu
H [2.2 g/l soli MS obohacené vitaminy (Sigma), 20 g/l
glukdzy (Lachema), 9 g/l agaru (Sigma), pH 5,7].

Zikladem postupd, které vedly k optimalizaci trans-
formace chmele, bylo regenera¢ni médium HT2 (Svo-
boda, 1991) [4.4 ¢/l soli MS (Sigma), 40 g/l glukézy
(Lachema). 2,25 mg/l BAP (Sigma), 0.35 mg/l kyseliny
giberelové (Serva). 2.03 mg/l IBA (Scrva), pH 5.7].
Médium bylo zpevnéno agarem 8 g/l (Sigma). Regene-
raéni médium bylo doplnéno o selek¢ni antibiotikum
[kanamycin (Kanamycin monosulfate, Sigma) 50 mg/l]
a antibiotikum pro eliminaci agrobakteria [augmentin
(Augmentin, Beecham) 500 mg/l].

Po transformaci byly regenerované vyhonky oddéle-
ny od kalusu a kultivoviany na zikladnim médiu H.
které bylo doplnéno o selekcni antibiotikum (kanamy-
cin 50 nebo 100 mg/l) a antibiotikum pro eliminaci
agrobakteria (augmentin 300 mg/l).

Optimalizace postupu transformace chmele

Zikladni postup transformace sestava z jednotlivych
krokut, které je mozné zménit, a tim ovlivnit vysledek
transformace. Ve schématu uvedeném v tab. I je shrnut
systém (ransformace a jsou vyznaceny moznosti alterna-
tivnich postupti v jednotlivych krocich. Zikladem opti-
malizace postupu transformace byl standardni postup
(tab. I). Zmény postupu transformace se tykaly kultiva-
ce agrobakteria. doby a zpusobu kokultivace. moznosti
preinkubace. vybéru média pro preregeneraci a Upravy
média pro regeneraci. Kultura agrobakteria nesouci vek-
tor s transgeny byla vypéstovana pies noc. Dalsi den
byly s agrobakteriem kokultivoviny explantity rostlin.
Pred kokultivaci mohly byt explantity opracoviny bé-
hem preinkubace. Kokultivace mohla probihat riznymi
zpUsoby. Po kokultivaci byly explantity preneseny na
regeneraéni médium. Tento krok bylo mozné obohatit
jesté preregencraci. Regeneracni médium bylo doplné-
no selekénim antibiotikem (kanamycinem) a dale anti-
biotikem pro eliminaci agrobakteria (augmentinem).

Agrobacterium tumefaciens a binarni vektory

Pro transformaci jsme pouzivali A. tumefaciens LBA
4404 nesouci pomocny plasmid pAL4404 (Hoekama et
al., 1983) a plasmid p35SGUSint (Vancanneyt et al.,
1990) nesouci chimericky gen pro B-glukuronidazu
s vloZenym intronem a gen pro rezistenci ke kanamy-
cinu. Bakterie hyly péstovany pres noc v tekutém mé-
diu LK pii 28 °C. V alternativnich postupech optima-
lizace (tab. 1, var. 1) byl pii kultivaci agrobakteria pies
noc do zivného média (20 ml LK média) pfidavin ace-
tosyringon (Sigma) tak, aby jeho vysledna koncentrace
byla 100 pM, a to vzdy v kombinaci s glukézou, jejiz
vysledna koncentrace byla 1%.
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Bakteridlni suspenze pro kokultivaci

Pfi standardnim postupu bylo z 20 ml kultury agro-
bakteria narostlé pies noc odebrano 100 pl do 20 ml
roztoku soli MS o polovi¢ni koncentraci (1/2 MS).
V této fidké suspenzi byly explantaty kokultivovany po
dobu dvou dnt. Pii alternativnim postupu (tab. L. var. 4)
bylo jako kokultiva¢ni médium pouZito tekuté médium
HT2 bez antibiotik. Pfi alternativni var. 3 (tab. I) byla
bakterialni kultura (20 ml) narostla pies noc kritce cen-
trifugovana, LK médium odstranéno a bakteric byly re-
suspendovany ve 20 ml roztoku 0.01M MgS0O,. V této
husté suspenzi bakterii byly inkuboviny explantity
chmele po dobu § az 20 min.

S-azacytidin a PVP

Do regeneracniho média HT2 byl v alternativnim
postupu (tab. L. var 8) pridavan S-azacytidin (5-azaC)
(Sigma) 2 mg/l a ncbo polyvinylpyrrolidon (polyvinyl-
pyrrolidon 10 000, PVP 10, Sigma) 2 g/l (ddlc jen
PVP). Pii zakofenovini vyhonkt po transformaci var. 8
(tab. I) byl 5-azaC 2 mg/l piidavan do média H s ob-
sahem kanamycinu 50 mg/l a augmentinu 300 mg/l.

Meédia s antioxidanty

Pro pokusy, v nichZ jsou explantdty preregenerova-
ny na dvojvrstevnych médiich (double layer) (tab. I,
var. 7), byla dvojvrstevnia média s antioxidanty pripra-
vena podle postupu, ktery popsali Perl et al. (1996).
Spodni vrstvu tvofilo pevné regeneraéni médium HT2
obohacené o PVPP (polyvinylpolypyrrolidone, Sigma)
0.1 g/I. Svrchni vrstvu tvofilo tekuté médium MS s ob-
sahem DTT (Bochringer Mannheim) 1 g/l a augmentinu
500 mg/l. Po kokultivaci s agrobakteriem byly explan-
tity preneseny k preregeneraci na misky s dvojvrstev-
nym médiem, kde byly inkuboviny ve tmé po dobu
sedm dni. Pak byly pfeneseny na regeneracni selekéni
médium HT2.

Aktivita B-glukuronidizy

GUS aktivita byla stanovena histochemicky a kvan-
titativné fluorometricky (Jefferson. 1987).

Izolace DNA z vyhonki, pfiprava sondy a hybridizace

DNA z kalusi chmele byla izolovdna za pouziti Quia-
gen kitu pro izolaci DNA podle doporuceni vyrobce.
Po izolaci byla DNA pro dcely Southern blotu Stépena
pomoci restrikéniho enzymu EcoRl1, precisicna chloro-
formem a presrazenim 96% ctanolem a rozdélena na
0,7% elektroforetickém TBE gelu pii napéti 35 V pies

noc. Na gel bylo nanaseno S0 pg DNA na slot. Gel byl
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. Systém transformace chmele a moZnosti alternativnich postupd v jednotlivych krocich — The system of hop transformation and possibilities of alternative procedures in different steps

Kroky systému transformace'

Standardni postup’

Alternativni postupy®

Y

10

cas médium doplngk"! var. as médium doplnék
- . oS > - acetosyringon'®
Kultivace agrobakteria pies noc LK 0 I pres noc LK glukoza®
Prekultivace explantata® 0 0 0 2 3 dny HT2 bez antibiotik®"
- — st . T fidkd suspenze bakterii'® S hustd suspenze bakterii'
Kokultivace agrobakteria a explantiti 1-2 dny 12 MS 0 3 20 min 0.01M MgSO, 0
4 {2 dny :.'[(':‘k"n suspenze bakterii 0
Preregenerace’ 0 0 0 5 1-4 dny HT2 bez antibiotik
6 I den MS bez antibiotik
7 7 dni dvojvrstevné médium'? antioxidanty?'
HT2 HT2 5-azaC
Regenerace” 4-6 tydnu'? Aug 0 8 4-6 tydnt Aug e
PVP
Km Km

Aug: augmcnrin22 500 mg/l

Km: kanumycinz'; 50 mg/l

5-azaC: S-azacytidin:4

PVP: polyvinylpyrrolid(m::( (PVP 10)

| . & 2 - o & g 3
steps of transformation system, “cultivation of agrobacterium.
9. 10 . 1" 2 . : {
l)roccdurcs. time, medium. supplement, "overmghl. "days. !
B 3 b

. PR 2 i
antioxidants. ~“augmentin.

N . L]
acetosyringone,  glucose.

. . . . . . N . 6 5 N 2
re-cultivation of explants, 4co-cultivation of agrobacterium and explants. “pre-regeneration, “regeneration. Tstandard procedure., Malternative
S o . . . o~ . .
weeks. '“thin suspension of bacteria. thick suspension of bacteria. "double layer medium.
;o2 L : ;
kanamycin, ““azacytidine. ~"polyvinylpyrrolidone

0 . s e
without antibiotics.,



po elektroforéze opracovan denaturaénim a neutralizac-
nim roztokem. DNA byla pieblotovdna z gelu na mem-
brénu (Positive charged, Sigma) metodou Southern blo-
tu vzlinanim roztoku 10xSSC.

Specifické sonda byla pfipravena metodou multiprime
labeling za pouZiti kitu Multiprime labeling kit (Amer-
sham) podle pokyni vyrobcee. Pro znaceni byl pfipra-
ven fragment GUSint, obsahujici celou sekvenci genu
gusA. Tento fragment byl ziskan pomoci PCR z plasmidu
p35SGUSint za pouziti primera P1 (5'-GGATCCGGGCA-
ATTGCTGTGCC-3") a P2 (5’-AAGCTTGCGAG-
GTCGCAAAATC-3"). PCR reakce béZela podle toho-
to schématu: 1. cyklus: 3 min 94 °C, | min 20 s 55 °C.
1 min 20 s 72 °C. nasledovalo 40 cykli: I min 94 °C,
1 min 20 s 55 °C, 1 min 20 s 72 °C a reakce byla zakon-
¢ena 10 min pii 72 °C a ndsledné ochlazena na 4 °C.
Ziskany PCR produkt (2 kb) byl vyizolovin z elektro-
foretického TBE gelu podle pokyni vyrobee za pouziti
kitu Quiagen quick spin columns. Pied znacenim v mul-
tiprime labeling reakci byl fragment rozstépen restrik-
¢nim enzymem EcoRV na dvé casti. Obé casti pak byly
znaceny zaroven v jedné multiprime labeling reakci.
Sonda pro hybridizaci byla pouZivana vzdy Cerstva.

Membrana po Southern blotu byla opracovéna pred
hybridizaci v 50 ml vzdy cerstvé pripraveného hybridi-
za¢niho roztoku po dobu 30 min pfi teploté 65 °C v hyb-
ridizaénim vilci. Poté byla k membrané do hybridizac-
niho roztoku pfidana sonda a hybridizace probihala pies
noc pii 65 °C. Druhy den byla membrina promyvana
v 50 ml promyvaciho roztoku, dvakrit 30 min pri 65 °C.
Hybridiza¢ni signal jsme detekovali za pomoci Phos-
phoImageru (UVP).

Hybridizac¢ni roztok: a) pfiprava roztoku NaP: doplnit
342 ml IM Na,HPO,.12 H,O a 158 ml IM NaH,PO,
do celkového objemu 500 ml, upravit pH na 7.2; b) pii-
prava 50 ml hybridiza¢niho roztoku: doplnit 20 ml NaP

sterilni redestilovanou vodou do 48 ml, pridat 100 pl
0,5M EDTA (pH 8,0) a zastudena rozpustit 0,5 g ho-
véziho sérového albuminu (Bovine serum albumine
Sigma, A9647); poté roztok zahfat na 65 °C a za této
teploty rozpustit 3,5 g SDS. Pfipraveny hybridizacni
roztok aplikovat pfimo na membranu.

Promyvaci roztok (1 1): 100 ml NaP. 100 ml 10%
SDS. 2 ml 0,5M EDTA.

VYSLEDKY

Vliv prekultivace explantiti chmele na frekvenci
tvorby kalusii na selekénim médiu. Modifikovali jsme
standardni postup transformace chmele zarazenim kroku
prekultivace explantitd chmele na regeneraénim médiu
HT2 po dobu tfi dnia pred transformaci (tab. L. var. 2).
Zjistili jsme, Ze tento krok mirné zvysil frekvenci tvorby
kalusti na selekénim médiu po transformaci bez pouZiti
acetosyringonu (tab. II), ale neovlivnil aktivitu -gluku-
ronidazy detekovanou v kalusech po transformaci
(tab. III).

Vliv inkubace agrobakteria s acetosyringonem na
tvorbu kalusii na selekénim médiu. Pfi obménich za-
kladniho postupu transformace byl piidan acetosyringon
a glukéza do kultivatniho média k agrobakteriu (tab. I,
var. 1). Po pridani acetosyringonu nebylo zaznamenano
zadné vyznamné zvySeni ve frekvenci regenerace kalust
z explantiti chmele kultivovanych na regenera¢nim mé-
diu s obsahem 50 mg/l kanamycinu (1ab. II).

Vliv 5-azaC a PVP na tvorbu kalusi, regeneraci
vyhonkii a tvorbu koFenti na selekénim médiu. V trans-
formacnim systému byl do regenera¢niho média HT2 pfi-
davan S-azaC a PVP (tab. I, var. 8). Byla sledovana jed-
nak frekvence kalust. ze kterych pozdgji regenerovaly
vyhonky, a déle frekvence regenerujicich vyhonka, které

IL. Vliv kultivace agrobakteria s acetosyringonem na tvorbu kalust na selekénim regeneracnim médiu a porovnini vysledku alternativnich
postupti transformace (var. 4 a 2) se standardni metodou - The effect of cultivation of agrobacterium with acetosyringone on production of
calli on selective regeneration medium and comparison of the results of alternative transformation procedures (var. 4 and 2) with the standard

method
Kultivace' Bez acetosyringonu® S acetosyringonem®
Postup? standard var. 4 var, 2 standard var, 4 var, 2
Explantity celkem? 32 17 65 57 44 51
Tvorba kalusi* 1 3 26 14 12 7
Va 34 17 40 s 27 13

5

1 i 2 3 " 4 o . 3 . 2 (o s
cultivation. ~procedure. “explants in total. “production of calli, "without acetosyringone, "with acetosyringone

I11. Aktivita B-glukuronidizy u kalusi regenerovanych po transformacich riiznymi postupy — Activity of B-glucuronidase in calli regenerated

after transformations by various procedures

Var. 3+ 6
stiiis! —_ . — s 9 o
Postup Standard Var. 6 Var. 2 Var. 2+ 5§ (HT3)
Analyzované kalusy? 16 24 150 120 212
Kalusy s GUS aktivitou? 0 0 0 0 80
|proc::&lurc. zanuly.\'cd calli. *ealli with GUS activity
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IV. Vliv 5-azaC a PVP na tvorbu kalust s regenerujicimi vyhonky chmele na selekénim regeneracnim médiu (a na schopnost regencrovanych
vyhonku kofenit na selekénim médiu) — The effect of 5-azaC and PVP on production of calli with regenerating hop shoots on selective
regeneration medium (and on the ability of regenerated shoots to root on selective medium)

Postup' Standard Var. 7

Regenerace? HT2. Aug. Km HT2. Aug, Km

Doplnék? 0 5-azaC PVP "P‘\;“,C 0 5-azaC pVP 5;,“\’?‘}',(«
Explantity celkem® 212 83 167 213 24 25 37 25
Kalusy s regenerovanymi vyhonky® 95 17 47 48 9 i} 15 2
o 45 32 28 23 36 20 10 8
Vyhonky kofenici na selekénim médiu® 0 0 0 0 0 0 0 0

| 2 s ) 4 " Rl
procedure. “regeneration, “supplement, “explants in total, “calli with regenerated shoots.

byly schopné zakofenit na selekénim médiu s kanamyci-
nem. Vyhonky byly po dosazeni délky 2 cm odstiizeny od
kalusu. ktery vznikl na regeneratnim selekénim médiu
modifikovaném dopliiky (5-azaC, PVP). a dale byly kul-
tivovany na selekénim médiu s obsahem 5-azaC, kde vSak
nezakotenily (tab. IV).

Pouziti antioxidantl v regenera¢nim médiu a jejich
vliv na tvorbu hnédych a nekrotickych kalust. Zadna
z dosud uvedenych obmén nevedla k regeneraci rostlin,
které by byly schopné zakofenit na selekénim médiu, ani
neklesl podil hnédych nekrotickych explantati. Pokusili
jsme se snizit pocet hnédych a nekrotickych kalust prere-
generaci transformovanych explantitti na médiu s obsahem
antioxidant( (tab. 1. var. 7). Pouziti antioxidant nevedlo
ke zvyseni [rekvence tvorby kalust, ze kterych vyrastaly
vyhonky. Zaroven jsme u téchto pokust sledovali vliv
S-azaC a PVP v regenera¢nim médiu na frekvenci rege-
nerace vyhonki schopnych zakofenit na selekénim mé-
diu.. Pii pouziti dvojvrstevného média ani v kombinaci
s dopliky (5-azaC a PVP) v regeneracnim médiu jsme

6, . . %
shoots rooting on selective medium

neziskali vyhonky schopné kofenit na médiu s kanamy-
ciném (tah. 1V).

Stanoveni aktivity B-glukuronidizy v kalusech.
Analyzu exprese GUS jsme provadeli u kalusta ziskanych
péti raznymi postupy transformace. Z udaju v tab. III je
patrné, ze expresi GUS bylo mozné detekovat pouze u ka-
lust, které zregenerovaly po transformaci provedené po-
stupem. ktery jsme pozdéji oznacili HT3. Schéma tohoto
postupu podava obr. 1.

Detekce exprese transgenti u kalusu a organt vznik-
Iych po regeneraci postupem HT3. Pii sledovini aktivi-
ty B-glukuronidazy v kalusech regenerujicich po transfor-
maci HT3 byla zjiSténa zajimava casovda zména (éto
aktivity. Zatimco v kalusech analyzovanych po jednom
tydnu regenerace se aktivita B-glukuronidiazy projevo-
vala v celém vznikajicim kalusu (obr. 2). po deseti tyd-
nech byla aktivita B-glukuronidazy omezena jen na ma-
1¢ sektory. Je neméné zajimavé, Zze sc podafilo
detekovat aktivitu GUS v kofincich, které diferencova-
ly z kalusu (obr. 3). Nepodaiilo se viak detekovat ak-

Explantity chmele
Hop explants

-

Kultivace A. tumefaciens pies noc ve 20 ml média LK
Cultivation of A. tumefaciens overnight in 20 ml medium LK

Centrifugace a resuspendace ve 20 ml 0.01M MgSOy
Centrifugation and re-suspending in 20 ml 0.0IM MgSO;4

Kokultivace 20 min v suspenzi bakterii
Co-cultivation 20 min in suspension of bacteria

Preregenerace pies noc na tuhém médiu MS
Pre-regeneration overnight on solid medium MS

Regenerace na regeneraénim selekénim médiu
Regeneration on regeneration selective medium
(4,4 ¢/l soli MS, 40 g/l glukdzy, 2.25 g/l BAP, 0,35 g/l kyseliny giberelové, 2,03 ¢/l IBA, pH 5.7. 50 mg/l Kanamycinu,
300 mg/l augmentinu)
(4.4 g/l MS salt, 40 g/l glucose, 2.25 g/l BAP. 0.35 g/l gibberelic acid, 2.03 ¢/l IBA, pH 5.7, 50 mg/l kanamycin,
300 mg/l augmentin)

L

1

1

\

1. Schéma postupu HT3 pro transformaci chmele — Scheme of procedure HT3 after hop transformation
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2. Aktivita B-glukuronidizy v Kalusu regencrovaném na selekénim
médiu HT2 za pouZiti postupu HT3 — Activity of B-glucuronidase in
callus regenerated on selective medium HT2 using the procedure HT3

V. Detekee transgenu u vyhonku regencrovanych po transformaci
transformation by procedure HT3

3. Aktivita B-glukuronidizy v kofenu regencrovaném z Kalusu za
pouziti postupu HT3 — Activity of B-glucuronidase in root regener-
ated from callus using the procedure HT3

postupem HT3 — Detection ol transgenes in shoots regenerated after

Transgen nptll

LusA

: 2 e . el
Zpusob detekee” kofenéni na selekénim médiu’

Analyzované vyhonky? 68

Pozitivni vyhonky* 0

histochemicky® fluorometricky’ Southern blot
30 14 10

0 0 0

1 2 ¢ . 3 1 . S . . . [ 7
transgene. “method of detection. “analysed shoots. “positive shoots. “rooting on selective medium. “histochemically. “fluorometrically

tivitu GUS ve vyhoncich regenerujicich z kalusu histo-
chemicky ani fluorometricky. Zadny z vyhonki rege-
nerujicich z kalust ziskanych postupem HT3 nebyl
schopny kofenéni a ristu na selekénim médiu s kon-
centraci kanamycinu 50 nebo 100 mg/l. Z dalSich de-
seti vyhonkl regenerovanych po transformaci postu-
pem HT3 byla izolovina DNA a proveden Southern
blot. Specifickd sonda pro detekei genu gusA viak ne-
hybridizovala ani s jednou z izolovanych DNA. Vy-
sledky jsou shrnuty v tab. V.

DISKUSE

Cilem této prace bylo pozménit postup transformace
tak, aby vyhonky regenerované po transformaci byly
schopné kofenéni a ristu na selekénim médiu s kana-
mycinem. Pfi optimalizaci postupu transformace jsme
se zamérili na moZnost ovlivnit stav kompetence bunék
chmele k transformaci predptisobenim na regenerac¢nim
médiu a dale jsme sledovali moznost ovlivnit vysledky
transformace Gcinkem acetosyringonu. 5-azacytidinu
a latek tlumicich produkty oxidativniho stresu.

Jednim z davoda nizké frekvence transformace by
mohla byt nedostatecnda kompetence bunék chmele
k transformaci. V ramci optimalizace standardniho po-
stupu chmele jsme proto sledovali vliv preinkubace ex-
plantati chmele na regeneraénim médiu bez antibiotik
pred transformaci (tab. I. var. 2). Tento krok by mohl
prispét k navozeni kompetence bunék k transformaci
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(Potrykus. 1990). Jak vyplyva z tab. IL. frekvence vzniku
kalusti na regeneracnim selekénim médiu se po transfor-
maci timto postupem mirné zvysila. Zatimco za pouZiti
standardniho postupu se kalusy tvorily na 34 % explan-
tata, po predpasobeni explantdtt na regeneracnim mé-
diu se pocet kalust zvysil na 40 %. Avsak u kalusi.
které byly ziskany timto postupem, nebyla detekovina
aktivita B-glukuronidazy (tab. III). PFi pozorovani re-
generace chmele jsme zjistili, Ze vyhonky na selekénim
regeneracnim médiu HT2 regeneruji z mohutného ka-
lusu. Je mozné spekulovat, ze pravé mohutny kalus
vznikd z bunék transformovanych, a tedy rezistentnich

ke kanamycinu. ale zaroven umoziuje déleni a diferen-
ciaci bunék, které nejsou transgenni.

Zajimalo nds, zda nizkd frekvence regenerace transfor-
mant neni dina nedostate¢nou schopnosti agrobakteria
transformovat chmel. ktera by mohla byt zapficinéna
tim, ze bunkami chmele nejsou dostatecné produkova-
ny signdlni molekuly indukujici agrobakteridalni geny
virulence (Winans. 1991). Pro zvySeni virulence agro-
bakteria byl do média pii kultivaci agrobakteria piida-
van acetosyringon a glukoza, které aktivuji geny viru-
lence (tab. I, var. 1). Pfitomnost acetosyringonu byla
podminkou tspésné transformace napi. u topolu (Con-
falonieri et al.. 1995) nebo u cukrové fepy (Jacq et al..
1993). Zvysit frekvenci transformace po predchozi kul-
tivaci agrobakteria s acetosyrinognem se podarilo napf.
u Arabidopsis thaliana az 25krit (Sheikholeslam. Weeks.
1987). u Atropa belladona dokonce 35krat (Mathews
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et al., 1990). AvSak pouziti acetosyringonu v systému
transformace chmele nevedlo ke zvySeni frekvence vzni-
ku kalust z explantitd chmele na regeneraénim seleke-
nim médiu (tab. II) ani ve standardnim systému transfor-
mace chmele, ani v systémech obménénych. Z vysledka
uvedenych v tab. IT vyplyva. Ze pfi¢inou nizké frekven-
ce transformace chmele pravdépodobné neni nedosta-
tek litek indukujicich virulenci agrobakteria.

Dalsi prekazky v ziskani transformovanych rostlin
chmele. které kofeni na selekénim médiu, mohou souviset
s integraci transgenu do genomu chmele nebo s jeho
inaktivaci. Obvyklym zpusobem regulace genové ex-
prese u rostlin je metylace (Wasseneger et al., 1994).
Metylace transgenl je jednou z popisovanych pricin
utichdni (silencing) jejich exprese (napf. Ingelbrecht et al.,
1994; Schmiilling, Rohrig, 1995). Pi péstovani transgen-
nich rostlin in vitro lze do regenera¢niho média piidat
latky (napi. 5-azaC), které zabraiuji metylaci. Mandal
et al. (1994) dosdhli timto zpiisobem vyznamného zvy-
geni frekvence regenerace transgennich rostlin Arabi-
dopsis thaliana. Palmgren et al. (1993) dosahli zvySeni
frekvence transformace pouzitim 5-azaC jak pfi kulti-
vaci agrobakteria, tak pfi kokultivaci listovych diski
tabiku a agrobakteria v médiu s S-azaC. V naSich expe-
rimentech jsme vSak pri pouZziti 5-azaC (tab. I, var. 8)
v regeneracnim médiu pozorovali sniZeni frekvence tvor-
by kalust na selekénim regeneracnim médiu (tab. IV).
Tento vysledek koresponduje napf. s popsanou inhibici
tvorby vyhonki u petunie po puasobeni 5-azaC (Pra-
kash, Kumar, 1997). Vyhonky chmele ziskané po trans-
formaci nebyly schopné zakofenit na sclekénim médiu
(tab. IV) a mozna pricina tohoto stavu (metylace trans-
genl rezistence) nebyla odstranéna kultivaci explantd-
i, kalust a vyhonkt chmele ani pfi kultivaci na médiu
s obsahem 5-azaC. Nelze vSak vyloucit, Ze muze do-
chazet k inaktivaci transgent jinymi zpusoby (napf.
Finnegan, McElroy, 1994; Flavell. 1994; Meyer, 1996).
které neni mozné vlivem 5-azaC potlacit.

Regenerace transformantd miize byt inhibovina také
napf. oxidativnimi produkty hypersenzitivni reakce. Zvy-
Sit [rekvenci regenerace transformantii je moZné snizenim
koncentrace téchto pfirozenych inhibitori regenerace,
napi. pridanim PVP do regeneraéniho média (tab. I,
var. 8). Jak viak vyplyva z tab. IV, u chmele je vliv
PVP v regeneracnim médiu na vznik kalust s regene-
rujicimi vyhonky spise negativni. Perl et al. (1996) po-
psali vysokou cetnost hnédych, nekrotickych kalusu,
které nebyly schopné regenerovat v rostliny, pfi trans-
formaci vinné révy. Predpokladali, Zze nekrogeneze je
zpusobena hypersenzitivni odpovédi rostlinnych explan-
tath na piitomnost agrobakteria, a opravdu zjistili zvy-
Senou hladinu peroxidiazové aktivity, kterd méla za na-
sledek oxidativni stres a zhnédnuti. Perl et al. (1996)
uspésné pouzili antioxidanty v systému dvojvrstevného
média k inhibici nekrogeneze. Tento postup pouZiti an-
tioxidantd zvolili jako jednu z variant pii optimalizaci
transformace chmele (tab. I, var. 7). Takové pouZziti
antioxidantd (Perl et al., 1996) vsak neni v systému
transformace chmele piinosem.
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V uvedenych pokusech optimalizace transformace
chmele byla hodnocena pouze schopnost regenerantl
kofenit na selekénim médiu. U téchto rostlin nebyla
stanovena exprese B-glukuronidazy ani nebyla deteko-
vana piitomnost transgenu v genomu chmele moleku-
larné biologickymi metodami. Zadny z pokust neved|
k ziskani rostlin schopnych kofenéni a rastu na selek-
¢nim médiu s kanamycinem. Proto jsme zacali sledovat
expresi genu pro B-glukuronidizu histochemicky jiz
v kalusech. Jak vyplyva z tab. III, byla B-glukuronida-
zova aktivita zjiSténa histochemicky pouze v kalusech,
které vznikly po transformaci provedené postupem
HT3 (obr. 1). Tim v8ak neni vylouc¢eno, Ze¢ by nchylo
mozné detckovat aktivitu B-glukuronidazy v kalusech
regenerovanych v pokusech, v nichZ tato analyza nepro-
béhla. Aktivita B-glukuronidazy byla zjiSténa jak v ka-
lusech (obr. 2), tak v kofenech, které regencrovaly
z kalusu (obr. 3). AvSak po deseti tydnech byla aktivita
B-glukuronidazy omezena jen na malé sektory. Postup
HT3 by nikdy nemohl byt oznacen za aspésny. kdyby
byla hodnocena pouze schopnost regenerovanych vy-
honkt zakofenit na selekénim médiu s kanamycinem.
Jak vyplyvi z tab. V, ze 68 vyhonki, které regenerova-
ly po transformaci provedené postupem HT3, nebyl Zadny
schopen zakotenit na médiu s kanamycinem. U téchto
vyhonku jsme nezjistili aktivitu B-glukuronidizy ani his-
tochemicky, ani fluorometricky. U deseti vybranych
vyhonki jsme neprokazali integraci transgenu gusA po-
moci Southern blotu.

Optimalizovanym postupem transformace chmele
jsme mohli detekovat aktivitu -glukuronidizy v kalu-
sech a kofenech, které vznikly po transformaci. Protoze
viak aktivita B-glukuronidazy v kalusech postupné za-
nikd a lokalizuje se jen na urcitd mista v kalusu a u re-
generovanych vyhonki ji nebylo mozné detekovat, ne-
Ize vylou€it tranzientni expresi B-glukuronidazy.
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SPECIES OF AL IONS IN SOILS OF NORTH BOHEMIAN
MOUNTAINS AS RELATED TO SELECTED SOIL
CHARACTERISTICS

FORMY AL IONTU V PUDACH SEVEROCESKYCH HOR VE VZTAHU
K VYBRANYM PUDNIM CHARAKTERISTIKAM

L. Boriivka, J. Kozak, O. Drabek

Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: In soil samples collected from 49 soil profiles situated in the mountainous region ol Krusné hory and Jizerské
hory in Northern Bohemia on both forest and adjacent grassland sites, content of labile forms of Al and total content of Al
in I M KCI extract, and Al extractable with 0.05 M Na,P,0; were determined as well as basic soil characteristics. The
contents of determined Al forms were relatively high. especially in the forest soils. As it was revealed by means ol multiple
regression analysis, in the surface horizons, these contents were controlled mainly by soil reaction. In the subsurface horizons
they were controlled also by the content of organic carbon extractable with 0.05 M Na P,0, (EOC). EOC is a limiting factor
for organically bound Al forms if it is not abundant as it was the case of surface horizons ol forest soils. Al determined in
the NayP,05 extract contained probably also a considerable amount of inorganic Al forms. especially in the soils where
sorption sites of soil organic matter were limited.

Keywords: toxic forms of Al; fractionation of Al: soil reaction; extractable organic carbon

ABSTRAKT: Ve vzorcich svrchnich a vaitinich horizonti pid z 31 lokalit v oblasti Krusnych hor a z 18 lokalit v oblast
Jizerskych hor, predstavujicich plidy pod lesnimi porosty i pod trvalymi travnimi porosty, byl stanoven cclkovy (Al
a labilni (Al},,) Al ve vyluhu I M KCI a celkovy Al v extraktu 0.05 M Na,P,0, (Alm.t_,). Soucasné byly uréeny zikladni
pldni charakteristiky: pHy o, pHyep. vyménnd acidita (E,), Cy,. obsah organického uhliku extrahovatelného NayP,0; (EOC).
barevny kvocient humusovych litek (A4/AG) a potencidlni kationtovd vyménni kapacita podle Mchlicha (CEC). Nejvétsi

Inl)

rozdily v obsahu obou forem Al ve vyluhu KCI byly zptsobeny druhem porostu: v lesnich pudich byly zjistény vyrazné vy&&i
obsahy vyménného Al nez v padach trvalych travnich porosti. Obsahy Al byly v lesnich padiach vyssi ve svrchnim horizontu
nez v horizontu vnitfnim. u trvalych travnich porostd tomu bylo naopak. Mezi oblastmi nebyl zjistén vyznamny rozdil. Obsah
Al ve vyluhu NayP,05 se vyznamné neliSil mezi oblastmi ani mezi horizonty. Tato [rakce ziejmé obsahuje nejen organicky
vizany Al. ale i anorganické formy Al zdvislé na pidni reakci, zvIdsté pokud neni v pidé dostatek sorpénich mist majicich
puvod v organické hmoté. Z pldnich charakteristik prokdzala nejvétsi vliv padni reakcee, a to aktivni i vyménni (pro vztah
Al a pHye R*=69.0 % ve svrchnim horizontu a 67.0 % ve vnitinim horizontu). a vyménnd acidita: tyto vlastnosti ovlivnily
predeviim obsah forem Al uvolnitelnych KCI. Obsah Al ve vyluhu NayP,0; byl v pomérné tésném vztahu s ohsahem
extrahovatelného organického uhliku (R? = 35.0 %). Jak ukdzala vicendsobni analyza regrese (tab. 1V), tato frakee padni
organické hmoty jednak snizovala koncentraci vyménnych forem Al ve vnitinich horizontech a jednak fidila obsah Aljyrg.
s vyjimkou svrchniho horizontu lesnich pad, kde vzhledem k jejimu nadbytku nebyla limitujicim faktorem. Urcity vliv méla
i kationtova vyménna kapacita. Faktorovi analyza ukizala jasné vzijemné vztahy mezi jednotlivymi charakteristikami. Pro
modely byly vybriny Ctyfi spole¢né faktory. vysvétlujici vice nez 80 % celkového rozptylu proménnych. Ve svrchnim
horizontu byly prvni dva faktory. objasiujici téméf 60 % celkového rozptylu, s rozhodujicim vlivem pudni reakee (pH
a vyménné acidity), v modelu faktorové analyzy pro vnitini horizont byl ur€en jako prvni faktor pH. zatimco jako druhy byl
identifikovin faktor extrahovatelného organického uhliku.

Klicova slova: toxické formy Al: frakcionace Al: pidni reakcee: extrahovatelny organicky uhlik

INTRODUCTION and Podzols. especially under forest. This was shown
in our previous study on the soils of Sumava region in

Release of free Al forms. potentially toxic to plants,  Southern Bohemia (Kozik, Boriivka, 1998). As the re-
into soil solution presents a problem in soils derived from  lease is controlled mainly by soil acidity. it is even
acid and strongly acid parent rocks, such as Cambisols  further supported by anthropogenic acidification caused
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among others by immissions from industry. This is the
case ol Northern Bohemia where brown coal rich in
sulfur has been mined for many years and several ther-
mal power plants using this brown coal are located.
Moreover. several oil-refineries and chemical factorics
are situated there. Due to this fact generating favorable
conditions for Al release. the mountains of Northern
Bohemia, namely Krugné hory and Jizerské hory. are
much damaged by forest decline. Tichy (1996) found an
increase ol spruce forest damage index with increasing
exchangeable Al content in soil in North-Eastern Bo-
hemia and in Sweden. Resulting deforestation in moun-
tainous areas can be consequently followed by further
undesirable effects, such as soil erosion.

There is a great number of works dealing with the
methodology of free Al détermination. Some authors
prefer the Al determination directly in soil solution or
in water extract (e.g. Boudot et al.. 1996: Kozuh et al..
1996). Percival et al. (1996) supposed that extraction

by salt solutions provides a misleading indication of
potential Al toxicity status of the soils. However, re-
cently Hiradate et al. (1998) have advocated the extrac-
tion with KCI. They determined the Al speciation in
KCI extracts from soil by means of NMR-technique
and considered KCl-extractable Al as a more realistic
measurement ol Al toxicity potential in acidic soils as
it resembles better the rhizosphere conditions. where pH-
value is lowered by secretion of H" and organic acids by
roots. This supports the suitability of the method that was
adopted in our previous works (Kozik. Boravka., 1998:
Bortvka et al.. 1999). It is based on determination of total
and labile Al content in 1 M KCI extract from soil.

The aim ol this study was to determine the content
of selected Al forms and to assess the influence of main
soil properties on the Al speciation in soil profiles of
the Krusné hory and Jizerské hory region. The differ-
ence between forest soils and adjacent grassland soils
was also evaluated.

I. Description of the sampling sites. indication of sampled horizons (indic.) and the depth ol sample collection (¢m): Krusnc hory region

Number Domain/locality Cover Soil unit BUSGHE Nt SUBAPRIGE: WTZn
indic. cm indic. cm
{ MR grass Dystric Cambisol Ay 0-25 B, 2555
forest Dystric Cambisol Ay 5-10 B, 10-35
5 e grass Dystric Cambisol Ay 0-15 B, 15-30
forest Dystric Cambisol Ay 0-10 B, 10-30
5 ST arass Dystric Cambisol Ay 0-20 B, 20-35
forest Dystric Cambisol Ay 0-15 B, 15-50
4 Svahovi forest Gleysol Ay 0-27 G 30-50
5 Maly Hij £rass Dystric Cambisol Ay 0-23 B, 23-50
forest Dystric Cambisol Ay 0-15 B, 15-55
5 Brandov grass Dystric Cambisol Ay 0-30 By 30-80
forest Dystric Cambisol Ay 0-15 B, 15-30
. —— grass Dystric Cambisol Ay 0-25 B, 25-50
forest Dystric Cambisol Ay 0-26 B, 26-50
8 Sedlo grass Dystric Cambisol Ay, 0-35 By 35-50
forest Dystric Cambisol Ay 0-10 Bix 25-40
§ Kliny grass Dystric Cambisol Ay 0-20 E 20-50
forest Dystric Cambisol Ay 0-15 B 15-30
10 Py forest Dystric Cambisol Ay 0-10- By 10-30
forest Dystric Cambisol Ay 0-20 B 20-40
grass Dystric Cambisol Ay 0-15 B, 15-40
" Cesky Jitetin forest Dystric Cambisol Ay 0-20 B, 20-40
grass Dystric Cambisol Ay 0-10 B, 10-20
forest Podzol A, 0-10 E, By B 10-30
5 Fliie forest Dystric Cambisol Ay 0-15 B, 15-40
) forest Podzol Ay 0-5 E;. Biy- By 5-50
i Pasiviny arass Podzol Ay 0-20 By B, 20-50
forest Podzol Ay 0-10 E;; By By 10-50
(4 Mikulov forest Podzol Ay 0-5 E.. By B, 5-40
forest Podzol Ay 0-5 E, 5-50
(s Dlouhd Louka arass Dystric Cambisol Ay 0-10 B, 10-45
forest Dystric Cambisol A, 0-20 B, 20-40
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MATERIAL AND METHODS
Soil sampling

Soil samples were collected from the South-Eastern
and North-Western (locality number parts of Krudné
hory, locality number | to 7 and 8 to 15, resp.. Tab. T)
and from the whole area of Jizerské hory (Tab. II) in
autumn 1997. Samples were collected from forest soils
and adjacent agricultural soils, namely soils under grass
cover. Samples were taken from surface and subsurface
horizons. In total. 98 samples were collected from 49
sites, of which 19 sites were located on grassland and

30 sites under forest. The major part of sampled soils
was classified as Dystric Cambisols (39 sites), followed
by Podzols (6 sites) and Stagno-gleyic Cambisols (2
sites). Gleysol and Dystric Histosol were classified on
one site cach. Distribution of sampling sites can be seen
from the map (Fig. 1). Samples were air-dried and
sieved through 2mm sieve.

Analytical methods

The details of the procedures of Al determination
(Alyy Al — total and labile Al content in | M KCI

extract, Al — total content of Al extracted with 0.05 M

I1. Description of the sampling sites, indication of sampled horizons (indic.) and the depth of sample collection (¢cm): Jizerské hory region

Number Domain/locality Cover Soil unit Surface horizon Subsurface horizon
indic. cm indic. cm
griss Dystric Cambisol A 0-10 B 40-50
16 Péncin = 2 . ; b “'
forest Dystric Cambisol Ay 0-15 B, 15-86
grass Stagno-gleyic Cambisol Ay 0-15 B, 15-40
17 Navarov i X &
forest Stagno-gleyic Cambisol Ay 0-20 B, 20-65
1rass Dystric Cambisol A 0-30 B, 40-70
18 Horni Polubny b o ¥ »L _\ h E
forest Dystric Cambisol Ay 0-5 B, 30-50
grass Dystric Cambisol Ay 0-20 B, 40-060
. fores stric Ca is -3( . 30-5(
19 Jitetin forest Dystric Cambisol Ay 0-30 B, 30-50
grass Dystric Cambisol A, 0-40 B, 40-60
forest Dystric Cambisol Ay 0-30 B, 60-70
. Irass Dystric Histosol A 0-20 B, 25-40
20 Josefiv Dal !’ - _t _‘ d £
forest Dystric Cambisol Ay 0-30 B 40-50
Trass stric is ) .
2 Bedfichov %us.\ L)y,».(rf» Cmubfsol Ay 0-20 By, 25-40
forest Dystric Cambisol Ay 0-30 By 40-50
forest Dystric Cambisol Ay 0-20 By, 2040
a o = -2 20—
23 Smédava forest ) Dystric Cambisol Ay 0-20 B, 20-40
forest Dystric Cambisol Ay 0-20 B, 20-40
forest Dystric Cambisol Ay 0-20 Bi 20-40

Krusné hory region

10 0 10 20 Kilometers

Y localities of sampling

[ districtborders
- main cities
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NayP,05) were given in Kozak, Boriivka (1998), as well
as the measurement of soil properties (PHHﬁo’ pHkrs
E, — exchangeable acidity by titration of 1 M KCI ex-
tract, C,, — lotal organic carbon content, and A4/A6
ratio as a parameter of humus quality). Besides, content
of organic carbon extractable with 0.05 M Na,P,04
(EOC) was measured oxidimetrically. Cation exchange
capacity (CEC) by Mehlich’s percolating method was
determined according to Podlesakova et al. (1992).

Statistics

Statistical treatment was proceeded with software
Statgraphics Plus for Windows version 3.1 (Manugis-
tics, 1997). Statistical significance of the results is de-
scribed in the text by one, two and three asterisks, in-
dicating the 95, 99 and 99.9% confidence level, resp.

RESULTS AND DISCUSSION

When the arcas under study were compared by one-
way analysis of variance, there was found no signifi-
cant difference in the values of determined soil proper-
ties and Al concentrations at 99% confidence level, so
that the whole sampled area could be treated as homo-
gencous. No significant difference was found between
different soil classification units, either. Most of the
collected soils could be evaluated as acid or strongly
acid with high content of humus (Tab. III). The acidity
was considerably higher in both horizons of forest
soils. Content of organic carbon extractable with
NayP,05 was significantly higher in the surface hori-
zon of forest soils than in the surface horizon of grass-
land soils. However, this difference was not found sig-
nificant for total humus content. Quality of humus as
measured by A4/A6 ratio was rather poor, and this
quality was significantly lower in the surface horizon
of forest soils than in that of grassland soils; for the
subsurface horizons this difference was not significant.
Cation exchange capacity was fairly high in the surface

I11. Mean values of soil characteristics and Al contents (the descrip-
tion of symbols is given in the text)

Vegetable cover Forest Grass
Horizon surface | subsurface | surface |subsurface
PHy o 3.52 391 4.94 4.88
PHye 3.00 3.54 4.20 4.03
E, (mmol/100 g) 5.24 295 1.33 1.30
CEC (mmol/100 g) 46.73 18.38 21.79 17.16
Cm.l_, (%) 5.07 332 4.67 252
EOC (%) 1.93 0.74 0.97 0.62
Ad/AG 7.44 7.28 6.57 6.61
Al (mg/kg) | 603.64 399.44 154.78 191.36
Al (mg/kg) | 585.40 396.95 144,74 187.21
Al (mg/kg) | 3 673.6 | 3530.6 [29438 | 3371.7
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horizon of forest soils, probably due to the high content
of less polymerized organic matter. It must be pointed
out here that we measured the potential cation ex-
change capacity (at pH 8.1). while the elfective pool of
sorption sites could be expected much lower under the
strongly acid conditions acting in these soils.

Which concerns the Al contents in soils, both labile
and total Al content in KCI extract were much higher
in forest soils than in grassland ones. An increase of
this content in surface horizon in comparison to deeper
layers was quite strong in forest soils, on grasslands
was, on the contrary, the content of both ol these Al
forms higher in the subsurface horizon. Accordingly,
based on these data it is doubtful whether the increase
observed in forest soils was due to acid deposition or
whether it is a natural effect of lower pH and organic
matter content and quality in the humus layer. In the
contents of Al extractable with NayP,04 there was not
found a significant difference neither between the dif-
ferent vegetable cover. nor between different depths.
The determined content of Al in KCI extract was simi-
lar to that found by Hiradate et al. (1998), those
authors, however, used different ratio between extrac-
tant and soil samples. Our results are higher than those
of Porebska, Mulder (1996), probably due to lower or-
ganic matter content in soils used by those authors in
the case of Al content in NayP,05 extract, and also due
to some differences in analytical procedures. especially
a longer extraction time in the case ol KCI extraction:
the influence of shaking time on extracted amounts of
Al was clearly shown by Ponette et al. (1996).

A strong correlation was found between the labile Al
content and its total content in KCl extract (r = 0.992"").
the share of labile Al from the total content ranged
mostly from 80 to 100%, with median at 95.6%. These
values are very similar to those found by Hiradate et
al. (1998) as the share of sum of organic Al present in
KCI extract (around 4%) and electrically symmetric,
octahedral Al, containing monomer (and/or dimer) ions
(92% on average). One can agree with those authors
that it is doubtful whether the difference between the
labile and total content of Al resulted from an experi-
mental error, or whether it represents really some non-
labile Al forms that Hiradate et al. (1998) described as
electrically assymetric Al incorporated into the hydroxy-
aluminosilicate or polymer hydroxyaluminium ions.
Since the latter form of Al is supposed to be adsorbed
into interlayer spaces of 2 : | clay minerals and can be
therefore classified as nonexchangeable, the symmetric
Al would be a main cause of Al toxicity for plant growth.

Both Al forms in KCI extract showed a strong rela-
tionship with pH values (Fig. 2). At pHgey higher than
about 4.5 (or pHy  higher than approximately 5) the
content of Al was already very close to 0. It confirms
commonly known fact of decrecasing release of Al with
increasing pH. Similar relationship was found between
exchangeable acidity and Al contents extractable with
KCl (R* = 71.8 and 69.1% for Al in surface and
subsurface horizon. resp.). Significant relationship was
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2. Regression of dependence of total Al content (Al ) in KCI extract
on soil pHy (circles = South-Western and wriangles = North-East-
ern part of Kru$né hory. resp.. squares = Jizerské hory: white points
= grassland soils, black points = forest soils)

Aleg (mgkg)

EOC (%)

3. Regression of dependence of Al content extracted with NayP,0,
(Al,,,) on the content of extractable organic carbon (EOC) in sub-
surface horizon of soil (for legend see Fig. 2)

found also between Al forms and cation exchange ca-
pacity. On the contrary, relationship between organic
carbon and content of Al forms was very weak (R* < 20%
for all the three Al forms in both horizons). Better
relationships with Al forms, especially Alypg, were ob-
tained using organic carbon extractable with NayP>04,
especially in the subsurface horizon (Fig. 3). This is
well comprehensible since this fraction of organic mat-
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ter is more mobile in soil and represents probably the
most important pool of organic sorption sites for met-
als. In the regression graphs, differences between grass-
land and forest soils are well apparent. The fact that the
areas do not differ from each other can be also seen.

As the soil properties influence the Al speciation in
a complex way, the step-wise multiple regression analy-
sis was used to assess this complex effect (Tab. TV).
For the models only those variables were selected where
the regression coefficient was different from zero at
confidence level at least 95%. The models explain more
than 50% ol the variability ol Al contents. except Al in
NayP>05 extract in surface and subsurface horizons of
forest soils (R2 = 15.03 and 40.58%. resp.). There are
similar patterns for models of both labile and total Al
content in I M KCI extract. In the surface horizons of
both forest and grassland soils only parameters of soil
reaction were included: pHg ey and exchangeable acid-
ity. It means that in this case the content ol Al is con-
trolled mainly by the acidity. In the subsurface hori-
zons, cation exchange capacity and extractable organic
carbon were also included. CEC represents the sorption
sites for Al, and thus the values of its regression coef-
ficient were positive. Negative values of regression co-
elficient for EOC mean, that the exchangeable Al con-
tent is decreased with this fraction of organic matter, It
corresponds with the hypothesis of Mulder, Stein (1994)
that the Al activity in soil solution of acidic soils is
controlled by an equilibrium with organically bound
solid phase Al

In models of Al content in NayP>05 extract in both
grassland soil horizons and in forest subsurface horizon
the pH and extractable organic carbon were selected.
The positive regression coelficients for EOC indicate
the contribution of EOC to Al binding, as this extracted
Al form is considered as bound mainly organically.
However, Berggren, Mulder (1995) reported as a pro-
posed maximum value for metal binding by soil or-
ganic matter 1000 cmol/kg C. In our study after recal-
culating the regression cocfficient to this unit, it was
obtained 454.2. 452.1 and 895.4 cmol/kg C for grass-
land surface and subsurface and forest subsurface hori-
zons, resp. The lower values for grassland soils can be
explained by a more polymerized nature of organtic mat-
ter with lower amount of carboxylic groups as sorption
sites there than in forest soils as indicated by A4/A6
values. Thus it can be concluded that only a part of the
Al in NayP,0O5 extract is organically bound depending
on EOC content. while the rest is formed by some in-
organic, pH-dependent Al forms. This is supported by
the fact that the ratio Al JEOC exceeds highly the
proposed limit of 1000 cmol/kg C in most samples
from subsurface horizons and in a large part of samples
from grassland surface horizons. In forest surface hori-
zons this ratio was in majority lower than the limit
thanks to more than twice as high mecan EOC content
than in the other horizons. Consequently, saturation of
the sorption sites in organic matter is not a limiting
factor here and it can be supposed that most ol Al in
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IV. Multiple regression of dependence of the content of measured Al forms on soil characteristics (regression coefficients of the models)

Cover Horizon Constant pHke E, GG EOC (%) R? (%)
(mmol/100 g)

Labile Al in 1 M KCI extract (mg/kg)
i surface 296.3" —53.64'1' 55.28" = - 61.74
subsurface 665.9 -217.2 5 4237** 4796 65.50
Biesh surface I ()35,6:: -215.3::' 35.677 - = 68.30
subsurface 1 426.8 -363.7 - 28.78™ -364.9 54.31

Total Al in I M KCI extract (img/kg)
Gruss surface 331.0: -59.19" 54.21': - - 63.72
subsurface =215.7 - 108.4 2477 -220.6 79.50
e surface I 124.8::: —238.6:: 355177 = = 74.55
subsurface 1.372.5 -344.1 - 25.89°° -309.9 57.59

Total Al in 0.05 M Na,P,0, extract (mg/kg)

s surface 4 8]‘).1: _7294: = = | 224.2: 55.93
subsurface 8 018.1 -1 373.5 - - 1 218.5 54.06
o surface 3 1|2.0:" - 106.8° - = 15.03
subsurface -5404.3 20323 - - 2413.0 40).58

V. Factor analysis of Al forms content and soil characteristics: eigenvalues ol common factors and their share on total variation of the

variables
Surface horizon Subsurface horizon

Factor g TR m——— cumulative : o b cumulative
eigenvalue % of variation percentage eigenvalue % of variation percentage

1 5.138 51.38 51.38 4372 4372 43.72

2 1.300 13.00 64.38 1.620 16.20 5991

3 1.118 1118 75.57 1.138 11.38 71.29

4 0.830 8.30 83.87 0.897 8.97 80.26

5 0.653 6.53 90.40 0.859 8.59 88.85

6 0.535 5.35 95.75 0.529 529 94.15

7 0.209 2.09 97.84 0.382 3.82 97.96

8 0.159 1.59 99.43 0.128 1.28 99.24

9 0.052 0.52 99.95 0.072 0.72 99.96

10 0.005 0.05 100.00 0.004 0.04 100.00

the Na,P,0; extract from the forest surface horizons is
really organically bound. Since EOC is not a limiting
factor, it did not appear in the regression model, where
only exchangeable acidity with just a weak influence
could be included.

Finally, factor analysis was proceeded to show in-
terrelations of measured properties. The calculation
was done separately for surface and subsurface hori-
zons. For both, four common factors were selected ex-
plaining more than 80% of total variation (Tab. V and
VI). Varimax rotation was used in order to increase the
share of the second, third and fourth factors on the
explanation of the total variation. In the model for sur-
face horizon, the first factor (30.4% of total variation)
was factor of soil pH, that influenced amount of ex-
tractable organic carbon content and total and labile Al
content in | M KCI extract: an eflfect was manifested
also at cation exchange capacity. The second factor
(28.2% of variation) was identified as a factor of ex-
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changeable acidity, controlling all the three Al forms.
In the first, non-rotated model of factor analysis, the
influence of exchangeable acidity was included already
in the first factor accounting for 51.4% of total vari-
ation. In this rotated model the effect of pH values and
exchangeable acidity were separated, nevertheless the
weights of the first two factors mean that nearly 60%
of total variation was controlled by soil reaction. This '
might be a symptom of surface acidification of soil
when this model is compared to that for subsurface
horizon given further on. The third factor (13.9% of
total variation) was factor of total organic matter con-
tent, with an effect on extractable pool of organic mat-
ter and on cation exchange capacity, and the fourth
factor (11.4%) was factor of humus quality with sig-
nificant weight only at A4/A6 ratio. None ol the two
last factors exhibited a stronger influence on the con-
tent of any Al forms. In the model for subsurface hori-
zon the first factor (29.0% of total variation) was again
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VL. Factor analysis of Al forms content and soil characteristics after Varimax rotation: weights of common factors, communalities of the
2 ~ . . POy .
variables (/") and share of [actors on the explanation of total variation (in %)

X Surface horizon Subsurface horizon
Variable = =
Fl F2 F3 F4 = Fl F2 F3 F4 =
pH”,n -0.919 —(.257 0.007 -0.087 0.919 -0.893 -0.135 -0.057 0.056 0.822
pHk o -0.936 -0.187 -0.039 -0.073 0918 -0.914 -0.220 -0.023 0.014 0.884
E;. 0).084 0.901 0.031 0.129 0.837 0311 0.029 0.745 —-0.304 0.744
CEC 0.494 0.319 0.621 0.244 0.790 0.204 0.875 0.244 0.056 0.870
Cl,,l_. -0.047 0.061 0.874 -0.178 0.801 0.005 0.257 0.621 -0.236 0.507
EOC 0.604 0.316 0.439 0.297 0.746 0.191 0.901 0.050 0.150 0.874
Ad/AG 0.142 0.001 -0.083 0.945 0.925 -0.020 -0.086 0.165 0.938 0.916
Al 0.589 0.765 -0.012 0.130 0.949 0.738 0.205 0.546 0.025 0).886
Al 0.561 0.782 0.003 0.112 0.939 0.731 0.196 0.515 0.060 0.842
Al 0.145 0.705 0.206 -0.059 0.564 0.098 0.780 0.010 -0.251 0.681
% of variation 3043 28.15 13.93 11.36 83.87 28.97 24.08 15.97 11.24 80.26
1.0 —— — 1.0 —
[XE, AL, | ! EOC i
| X A ub : 7/5‘, FC i
0.5 | A ’ 0.5 L '
’ ! CEC, ,EOC ' Core! ;
! Y Orgy Al
~ . ~ RS NG '
s Gl A4/A6 2 E,
] " R 3 S 7 Al |
€ 09 ' e 8 W0 i -
] <
25 >)<§)>HH20 i = X% PHinz0 A4/A@<1
Hxal ' Hkel |
-0.5 i -0.5 1
; | |
| | |
-1.0 -1.0 —
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
Factor 1 Factor 1
1.0 ppm " I —
! ' i | A4/AG
0.5 | i
S = ; i
i JFoc g | 5 ‘
-+ i E, X ! ! Eog i
5 Al{o(ﬁ]I CEC E H, tx EC Allah
e ab . | 3 Phxc X
g 00 : - ! 2 W g X
[,: pHK(?J?(pHHZO C X ; ‘: p HZ()' Al :
org | b C, X
| g org X
| | A
-0.5 i i -0.5 7 i
i !
' l ! f . .
-1.0 — . -10 ! < acisy
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
Factor 3 Factor3
4. Factor analysis of Al forms content and soil characteristics: pro- 5. Factor analysis of Al forms content and soil characteristics: pro-

Jection of weights of the common factors after Varimax rotation for  jection of weights of the common factors after Varimax rotation for
the surface horizon (the description of symbols is given in the text)  the subsurface horizon (the description of symbols is given in the text)
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factor of soil pH with a strong influence on exchange-
able Al forms. The second flactor (24.1%). however,
was factor of extractable organic carbon controlling con-
tent of Al determined in NayP,O5 extract. This factor
was accentuated in the subsurface horizon as it becomes
there a limiting factor for Al binding into organic forms,
while in the surface horizon it is not a limiting factor
because a major part of samples originated from forest
soils where this fraction of organic matter was abun-
dant. The third factor (16.0%) was factor ol exchange-
able acidity affecting exchangeable forms of Al. A sig-
nificant weight at total organic carbon content indicates
a similar distribution of higher values of E; and C,
rather than a direct causal relationship between them.
Since the communalities of most variables are higher
than 0.7, the models describe well their variability. An
exceplion was Al content extractable with NayP,O,
(h*=0.564 and 0.681 in surface and subsurface horizons,
resp.), and total organic carbon content in subsurface
horizon (hz =0.507). The interrelations among the vari-
ables are well apparent from the projections of weights

of common factors (Fig. 4 and 5). In the projection of

the first two factors for surface horizon, all the three
forms of Al are grouped around the exchangeable acid-
ity. in the opposite position to pH values. For the sub-
surface horizon, the exchangeable Al forms are located
close to the axis of the first factor, factor of soil pH,
while Al extractable with NayP,05 is situated closer to
EOC content. Thus these graphs illustrate the differ-
ence between the horizons.

CONCLUSIONS

In the region of Kru$né hory and Jizerské hory the
contents of determined Al forms were relatively high,
especially in the forest soils. In the surface soil hori-
zons, these contents were controlled mainly by soil re-
action, in the subsurface horizon they were controlled
also by the content ol organic carbon extractable with
pyrophosphate. An increase in this soil organic matter
fraction decreased the content of exchangeable Al
forms and increased Al extractable with pyrophosphate.
That fraction could be considered as a limiting factor
for organically bound Al forms if it is not abundant as
it was the case of the surface horizon of forest soils. Al
determined in the pyrophosphate extract probably in-
cluded also a considerable amount of inorganic, pH-de-
pendent Al forms. especially in the soils where sorption
sites of soil organic matter were limited.

The real effect of anthropogenic soil acidification
will be further investigated by comparison of the re-
sults with the data from Sumava region, which is con-

sidered Lo be relatively less influenced by acid immis-
sions.
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INFORMACE - STUDIE - SDELENI

SUCASNY STAV POZNANIA A HODNOTENIA
ANTROPOGENNYCH POD NA SLOVENSKU

A PRESENT STATUS OF KNOWLEDGE AND ASSESSMENT OF
ANTHROPOGENIC SOILS IN SLOVAKIA

J. Sobocka

Soil Science and Conservation Research Institute, Bratislava, Slovak Republic

ABSTRACT: The concept of anthropization of soils includes a large number of individual phenomena. processes and changes
induced by direct or indirect human activity on soils. The human influence on soils causes either cultivation or degradation
or destroyment (cut and fill) of soil cover. There is a need in particular dealing with definitions ol anthropogenic soils and
characterization of anthropogenic diagnostic horizons in order to construct a criterial system of anthropogenic soil classifi-
cation. In this paper we consider definitions and characteristics of some anthropogenic diagnostic horizons used in the world
(Revised Legend of FAO-Unesco, World Reference Base for Soil Resources, US Soil Taxonomy) and compare with defini-
tions introduced in the Morphogenetic Soil Classification System (MSCS). While world classifications are interesting in only
positive cultivated human influence on soils except sulphuric horizon of US Soil Taxonomy, Slovak and German classilica-
tions consider degraded (toxic and imission) and destroyed (transported and primitive development on transported materials)
impact on soil cover. too. Several pedologists in Slovakia deal with tasks of anthropogenic soil classification. There is a result
of the current status of knowledge and assessment of soil anthropogenization and technogenization in Slovakia. We present
some anthropogenic soil classifications made in Slovakia, and in the world, and introduce critical assessment of the anthro-
pogenic soil diagnostic horizons and cl:

sifications. Also we suggest a new variant acceptable for the Slovak soil classification
system. Kultizems are soils in site with anthropic modified A-horizon in minimum soil depth more than 60 ¢m which are
cultivated by gardening, riggoling and terracing. Anthrozems are soils with anthropic artificial A-horizon on artificially
transported material which was made either by heaped activities or by primitive development on dredged materials. soil banks
with artefacts occurrence (debris. waste, scrap, refuse. ashes). Finally, we suggest new anthropogenic soil type Degradozem
for soils mainly affected by toxic and imission impact. They are soils in site polluted by high heavy metal and imission
concentrations. We distinguish toxic Degradozems which are dangerous and harmful for human-animal life and imission
Degradozems without such dangerous impact (Tab. V).

Keywords: anthropogenic soil: diagnostic horizon: anthropedogenic process

ABSTRAKT: Pri vypracovani kriteridincho systému klasifikicie antropogénnych pdd je potrebné predovietkym zaoberal sa
definiciou antropogénnej pody. charakteristikou antropogénnych diagnostickych horizontov a nadviizne na to vytipovat hlavné
antropogénne podne typy a subtypy. V prispevku uvidzame definicie a charakteristiky niektorych antropogénnych diagnos-
tickych horizontov vo svete (Revidovand legenda FAO-Unesco, Referencnd biza pod sveta. US pédna taxonomia) a porov-
navame ich s nasimi antropogénnymi horizontami, zavedenymi v Morfogenetickom klasifika¢nom systéme pod. Vysledkom
sicasného stavu poznania a hodnotenia antropogenizdcie a technogenizicie pod si mnohé pokusy o klasifikiciu antropogén-
nych pdd. Uvidzame klasifikdcie antropogénnych pod na Slovensku i vo svete a navrhujeme novy variant, prijatelny pre
slovensky klasifikacny systém pdd. Vysledkom porovnavania je kritické prehodnotenie systémov antropogénnych diagnos-
tickych horizontov a klasifikdcii s ndvrhom na niektoré nové, pozmenené rieSenia.

Klicové slovi: antropogénna poda: diagnosticky horizont: antropedogénny proces

UvVOD mym &i nepriamym posobenim ¢loveka na podny kryt.
Vplyv cloveka na podu sa v nicktorych silne priemy-

Problematika antropogenizdcic padd je pomerne novia — selnych a urbanizovanych oblastiach stava takym vy-

a velmi aktualna. Tento pojem zahrnuje velky pocet  raznym, Ze sa prejavuje v zmenenych vlastnostiach pod
samostatnych javov, procesov a zmien spdsobenych pria-  do takej miery. ze pévodné znaky prirodzenej pddy uz
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nie st zachované. Antropogénne pody, tak ako su defino-
vané v Morfogenetickom klasifikacnom systéme, v si-
casnosti predstavuji okolo 150 tis. ha na Slovensku, ¢o
je asi 3 % z celkovej vymery pddy. Z toho pody kulti-
vované (chmelnice, vinice, zihrady a ovoené sady) maji
vymeru 127 tis. ha, ¢o predstavuje 5.2 % z rozlohy or-
nej pody a 2,5 % z celkovej vymery pod. Udaje si
prevzaté zo Statistickej ro¢enky (1998), pri¢om odhad
pre pody degradované a antropogénne premiestnené bhol
urobeny podla viacerych zdrojov, okrem iné¢ho aj z vy-
sledkov Monitoringu pdd SR pri VUPU Bratislava
(1997).

Na Slovensku sa od 90. rokov venuje tejto problema-
tike viacero podoznalcov (Bedrna, 1995; Kolény. 1994:
Hrasko. 1995). Publikovali vlastné klasifikacie antro-
pogénnych pod so znaéne rozdiclnymi stanoviskami.
taxonomickymi droviiami a nomenklatirou. Jednou
z hlavnych prekazok daného stavu je nedostatocny podny
prieskum antropogénnych pod. Zatial neexistuje ucele-
ny vedecky projekt, ktory by rieSil problém tychto pod
komplexne. Vii¢Sina podoznalcov skiima prevazne pri-
rodzené, resp. antropogénne ovplyvnené pody. a pokial
sa stretnd s antropogénnymi pddami, maji problémy
s ich hodnotenim a mapovanim, nakolko nie je jasnd
definicia takychto pod. ako aj antropogénne diagnostic-
ké znaky.

V SR nie je zatial rozpracovanad definitivna verzia
klasifikdacie antropogénnych pdd. ktord by zahrnovala
vietky pody clovekom pozmenené a vytvorené. Tak isto
definicie antropogénnych pdd a antropogénnych diag-
nostickych horizontov nie st uspokojivo vyrieSené, tiez
nie je rozpracovand jednotnd taxonémia a nomenklattra
takychto pad. V ramei projektu, ktory riesi pozmeneny
(slovensky) variant Morfogenetického klasifikacného
systému pod. bude teda potrebné doriesit aj klasifikaciu
antropogénnych pod na Slovensku.

MATERIAL A METODA

Z metodologického hladiska je najprv potrebné za-
oberat sa kategorizdciou a sumarizdaciou vietkych lud-
skych aktivit prebichajicich na pode a v pade, Co rieSia
Bedrna (1996) a Hrasko (1997). VSeobecne vplyv clo-
veka na pddu ma za ndasledok bud skultdrnenie. alebo
degraddciu, ¢i deStrukciu podneho pokryvu. V dalSom
kroku je vhodné vypracovat kriteridlny systém hodno-
tenia antropogénnych pdd a na jeho zaklade sa pokasit
vytvoril klasifikacny systém, ktory ma byl postaveny
na zdklade definicie antropogénnej pddy a antropogén-
nych diagnostickych horizontov, t. j. md mat jednoznacéné
antropogénne klasifikacné znaky, ktoré su relevantné
pre zaradenie danej pddnej jednotky do skupiny antro-
pogénnych pdd (Sobockd, 1997). Klasifika¢ny systém
antropogénnych pod ma byt vysledkom tohto teoretic-
ko-metodologického postupu.

Porovndvacia Stidia poskytne lepsi prehlad v tejto
zatial malo rozpracovanej problematike, kde sa prislus-
né pojmy a kategorizacie dostant do jednej hodnotiacej
roviny. Pre porovnanie s nasim systémom sme vyuzili
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najznamejsie systémy antropogénnych pod, ako je Re-
vidovand legenda Pddnej mapy sveta FAO-Unesco,
World Reference Base for Soil Resources, US Soil Ta-
xonomy a nemecka $kola prof. Burghardta.

VYSLEDKY A DISKUSIA

Definicie antropogénnej pody

Podla FAO-Unesco (1994) medzi antrosoly patria
vietky pody. v ktorych sa prejavuji ludské aktivity,
a to do urcitého stupia pretvorenia povodnych padnych
vlastnosti. ¢o sa deje premiestnenim alebo premicsanim
povrchovych horizontov. odstranenim alebo vyplnenim
podnym materidlom. dlhoro¢nymi dodavkami organic-
kych latok, dlhotrvajicimi zavlahami a pod.

Uvedend definicia antropogénnych pod by mala byt
nahradena deliniciou WRB (World Reference Base)
(ISSS-ISRIC-FAO. 1994). Podla nej st antrosoly defi-
nované ako pddy, ktoré boli dlhodobo transformované
antropedogénnmi procesmi do tej miery, Ze povodna
podna jednotka nie je zachovana (viditelna). Antropo-
génne pddy maji mat viacero zretelnych znakov antrope-
dogénneho procesu, ktoré si: nepretrzité hlboké obra-
banie pdd, nepretrzitd intenzivna fertilizacia (aplikacia
organickych 1 anorganickych hnojiv). nepretrzité doda-
vanie minerdalneho materialu do pody. nepretrzita iriga-
cia. pripadne ind kultivacia.

Z definicii vyplyva jednoznacnd orientdcia antropo-
génnych pod na pady kultivované. Vymedzenie pojmu
antropogénnej pody nasich a nemeckych autorov zoh-
ladiuje aj iné (degradacné a deStrukcné) posobenie clo-
veka na podu. Podla definicie (Burhardt, 1994) urbické
antrosoly predstavuji pody silne modifikované (napr.
kultivaciou) alebo kontaminované (napr. tekutymi
a plynnymi exhalatmi) a technologické substraty (napr.
navozenie umelych podnych materidlov).

Podla Morfogenctického klasifikacného systému pod
CSFR (Hragko et al., 1991) sa medzi antropogénne
pody zahrnuji pody s antropickym pretvorenym A-ho-
rizontom bez dalSich diagnostickych horizontov. alebo
s ich plnym pretvorenim minimélne do hibky 60 cm.
Antropicky Ak-povrchovy horizont vznikol obribanim,
intenzivnym hnojenim alebo inym zisahom Cloveka a je
vyrazne pretvoreny alebo umelo vytvoreny s roznym za-
farbenim a vlastnostami.

Pédy. u ktorych antropicky zasah nepostihol solum
v stanovenej hrubke alebo intenzite, takze povodné znaky
niektorého diagnostického horizontu zostali zachované,
sa povazujui za antropicky ovplyvnené pody a v systé-
me podnej klasifikdcie sa hodnotia ako antropogénna
forma. Horny index x mozno priradit ku vietkym sub-
typom Klasifikicie.

Definicie antropogénnych diagnostickych horizontov

Fimicky horizont v zmysle FAO-Unesco Revidovancj
legendy Pddnej mapy sveta je definovany ako clovekom
vytvorena povrchovi vrstva. hrubda 50 ¢cm a viac, ktord
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vznikla dlhodobym hnojenim a premieSavanim zeminy.

Ak sa Ziada rozdelit molicky a umbricky horizont, roz-

liuje sa obsahom kyslého vyluhu P,Os, ktory je vyssi

ako 250 mg.kg_] pody pri 1% kyseline citrénovej. Pri-
kladmi su plaggenovy epipedon a antropicky epipedon

US Soil Taxonomy.

Najnovsie navrhnuté antropogénne diagnostické ho-
rizonty pre WRB odmietaji pouZivanie fimického ho-
rizontu v Revidovanej legende FAO-Unesco. Struéne
uvadzame navrhované diagnostické horizonty Antroso-
lov pre WRB v zmysle najnoviej price (Kosse. 1997):
— horticky horizont: povrchovy horizont podobny mo-

lickému horizontu, hibka nad 30 c¢m, P rozpustny

v kyseline citronovej > 250 ppm P,0s, mnozstvo

dazdoviek > 25 %:;

— antrohydricky horizont: povrchovy horizont vytvo-
reny vplyvom vlhkej kultivacie, prevlhceny a redu-
kovany s chroma < 2 v matrix;

— hydragricky horizont: podpovrchovy horizont vyvinu-
ty pod vihkou kultivaciou, colour value > 4, chroma
< 2, pritomnost Zelezito-manganovych konkrécii;

— irigaény horizont: svetly povrchovy horizont vyvi-
nuty v podmienkach dlhodobhého zavlazovania. po-
dobny hortickému horizontu bez molickej farby,
mnozstvo ddzdoviek > 25 %;

— plaggenovy horizont: povrchovy horizont umelo vy-
tvoreny postupnym dodavanim maciny, mineralnych
a zemitych hnojiv. farby Cierne alebo hnedé, nasytenie
bazami < 50 %, pomocné mikromorfologické analyzy;

— tericky horizont: povrchovy horizont podobny plag-
genovému horizontu, vytvoreny pravidelnym doda-
vanim minerdlnych hnojiv, zemin a kompostov, na-
sytenie bazami > 50 %, pomocné mikromorfologické
analyzy.

Podla US Soil Taxonomy (Engel, Ahrens, 1997) sa
definuju dva antropogénne povrchové horizonty (epi-
pedony) a dva podpovrchové horizonty s morfologicky
viditeInymi znakmi:

- antropicky epipedon: podobny molickému horizontu
(bohaty na bazy a organicky uhlik), so znakmi pre-
mieSania, ur¢itymi obmedzeniami v rozpustnosti
P,O5 a s trvanim zamokrenia;

— plaggenovy epipedon: ¢lovekom vytvorena povrcho-
va vrstva s hribkou > 50 ¢cm vplyvom dlhodobého
hnojenia a doddavania minerdalneho materidlu;

— agrikovy horizont: podpovrchovy iluvidlny horizont
formovany kultivaciou s vysokym obsahom iluvial-
neho prachu, ilu a humusu; o dlhodobej kultivicii
svedcia lamelové vyplne chodbiciek a iluvidlne povia-
ky. hodnoty colour value a chroma nizsie ako v mat-
rix. nizky pomer C : N:

— sulfuricky horizont: prirodnej i antropickej povahy.
> 15 cm, zlozeny z organo-mineralneho podneho
materidlu s pH < 3,5 zapri¢inenym sulfurickymi ky-
selinami a jarositovymi koncentraciami. vysoko to-
xicky pre rastliny.

Podla Morfogenetického klasifikaéného systému pod
antropicky Ak-povrchovy horizont vznikol obrabanim.
intenzivnym hnojenim alebo inym zdsahom &loveka a je
vyrazne pretvoreny. alebo umelo vytvoreny s roznym za-
farbenim a vlastnostami, ktory ma: a) hrabku > 30 cm:
b) vznikol antropickym melioraénym pretvorenim celé-
ho sola alebo najmenej do hibky 60 cm bez toho, aby
sa zachovala aspon Cast povodnych morfogenetickych
znakov, alebo antropickym degrada¢nym pretvorenim
povrchového horizontu prirodzenej pddy (toxikicia,
kontaminacia) tak, Ze ziskal odlisné chemické alebo
fyzikdlne morfologické vlastnosti; ¢) bol umelo nave-
zeny alebo vznika prirodzenym procesom na ¢lovekom
premiestnenych a premiefanych prirodzenych, umelych
1 zmieSanych materialoch. Uvazuju sa variety diagnos-
tickych horizontov Akp — antropicky pretvoreny a Aku —
antropicky umely.

Z porovnania systémov antropogénnych diagnostic-
kych horizontov (tab. I) jednoznacne vyplyva, Zc zatial
¢o vo svete sa za antropické pody povazuji len pody
kultivované s vynimkou sulfurického horizontu US Soil
Taxonomy, v MKSP sa uvazuji aj pody degradované
a umelo vytvorené (antrozeme). ¢o nepochybne prispieva
k detailizacii systému. AvSak z hladiska podnej morfo-
logie, fyzikdlno-chemickych i biologickych viastnosti
st antropogénne diagnostické horizonty v uvazovanych
svetovych systémoch prepracovanejsic, a tym i vypo-
vednejSic. V uvedenom zozname si spracované velmi

I. Porovnanie antropogénnych diagnostickych horizontov podla MKSP. WRB, USDA a FAO-Unesco — Comparison of anthropogenic

diagnostic horizons by MSCS, WRB. USDA and FAO-Unesco

WRB USDA

FAO-Unesco MKSP

horticky (S) antropicky epipedon (S)
tericky (S) -
- sulfuricky (P)
irigacny (S) -
- agrikovy (P)
iant

antrohydricky (S) antrakvicky va

hydragricky (P) antrakvicky variant

plaggenovy (S) plaggenovy (S)

fimicky (S) antropicky pretvoreny (S)
- antropicky pretvoreny (S)
sulfuricky (P) -

fimicky (S) antropicky umely (S)

(S) — povrchovy diagnosticky horizont — surface diagnostic horizon

(P) = podpovrchovy diagnosticky horizont — subsurface diagnostic horizon
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I1. Klasifikdcia Antrosolov podla FAO-Unesco (1994) — Anthrosol classification by FAO-Unesco (1994)

in¢ho hromaden

Urbické Antrosoly (ATu) pody majice hit
Tudskej Cinnosti

Arické Antrosoly (ATa) hiboko kultivované pody s nepatrnymi pozostatkami povodnych horizontov
Fimické Antrosoly (ATH) pody s plaggenovym alebo inym antropickym povrchovym horizontom

Antrosol —— - o — < A y "

(AT) Y| Kumulické Antrosoly (ATc) pody majice akumuliciu jemnozeme > 50 em v dosledku dihodobych zavlah alebo

1 Jemnozeme

bku > 50 em s akumuliaciou odpadu z banskej. stavebnej a incj

111, Klasifikacia Antrosolov podla niavrhu pre WRB (Kosse. 1997) — Antrosol classification by WRB proposal (Kosse. 1997)

Hydargické Antrosoly
Kumulické Antrosoly

Hortické Antrosoly

Irigacn¢ Antrosoly
Plaggicko-kumulické Antrosoly
Horticko-kumulické Antrosoly
Iriga¢no-kumulické Antrosoly

Rigolicko-kumulické Antrosoly

vyvinuté pri vihkej kultivicii pod s hydragrickym horizontom
s plaggenovym. terickym alebo iriga¢nym horizontom

s hortickym horizontom > 50 ¢cm

s irigaénym horizontom > 50 c¢m

Kumulické Antrosoly s plaggenovym horizontom > 50 m
Kumulické Antrosoly s hortickym horizontom > 50 ¢m
Kumulické Antrosoly s irigacnym horizontom > 50 ¢m

Hortické Antrosoly s hortickym horizontom > 75 cm

struéne. V MKSP takéto charakteristiky chybaji. Okrem
toho sa uvazuju aj podpovrchové antropické horizonty,
ktoré v nasom systéme takisto absentuji. Jednoduché
delenie antropickych diagnostickych horizontov na an-
tropické pretvorené a antropické umelé nepostacuje.
Nakolko dominujicim prvkom tychto pod je ludsky
zasah (antropedogénny proces), mal by sa zohladiovat
aj v systéme antropogénnych diagnostickych horizontov.
To znamena vypracoval charakteristiku réznym spdso-
bom kultivovanych horizontov (rigolicia, terasovanie,
zahradnictvo), ako aj charakteristiku degradovanych ho-
rizontov, L. j. imisnych. toxickych a umelych horizontov
(inicidlnych alebo navezenych). Porovnavanie pouka-
zuje na slabi kompatibilnost antropogénnych diagnos-
tickych horizontov MKSP so svetovymi systémami.

Klasifikicie antropogénnych pod

Pre porovnanie najprv uvadzame klasifikacné systé-
my antropogénnych pdd podla FAO-Unecso (tab. II)
a podla WRB (tab. III). ktoré zohladnuja jedine kulti-
vované antropogénne pddy.

Oficidlne platny Morfogeneticky klasifikacny systém
pod vyclenuje 10 hlavnych podnych skupin, z ktorych
poslednd patri antropickym podam. Hrasko et al. (1991)
v MKSP rozli§uja podny typ kultizeme so subtypmi
typicka a degradacna a podny typ antrozeme so subtyp-
mi typickd a degradacna (tab. IV).

K uvedenej klasifikdcii antropickych pad je niekol-
ko zdvaznych pripomienok. V pripade antropogénnych
pdd sa nembzeme pridizal pddnogenetického diagnos-
tikovania pod. (. j. vytipoval. ktory podotvorny proces
je dominantny pre td-ktord pddu. Pri hodnoteni a kla-
sifikdcii antropogénnych pad je potrebné zaviest krite-
ridlny systém dominantného antropického posobenia na
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IV. Klasifikicia antropickych pod Morfogenetického klasifikaéného
systému pod CSFR — An anthropic soil classification in the Morpho-
genetic Soil Classification System of CSFR

i typickd (KTm)
subrypy
degradacni (KTd)

(nasylen:i)
kyski (a)

1. Kultizem variety karbonitovi (¢)
(KM) alkalicka (z)
toxtkovani ())

imisna (1)

zihradnd (g)
formy rigolovani (s)

terasovana (1)

- typicki (ANm)
subtypy
degradacni (ANd)

(nasyteni)
s o kysld (a)

2. Antrozem karbonatova (¢)
(AN)

toxikovana (j)

zavizkovi (7)
5 deponiovi (0)
formy

haldovi (b)

urbicka (u)

podu, na zdklade ktorého mozno podu hodnotit ako
antropogénnu. Za dominantné antropické pdsobenic na
podu povazujeme: kultiviciu. degradiciu a deStrukeiu
pod. L. j. antropogénne vplyvy pri skupine tychto pod
musia prevlddal nad prirodnymi. Potom je potrebné po-
znat a charakterizovat druh a intenzitu zdsahu cloveka
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do pody. ktory sa prejavuje v morfologicky. chemicky.
fyzikalne i biologicky odlisnych padnych vilastnostiach,
antropicky podmienenych. Z tohto hladiska by sa sub-
typ typicky pri kultizemiach a antrozemiach nemal
vobec brat do uvahy. nakolko sa domnicvame, Ze cesty
Tudskej ¢innosti k zlepSovaniu i degradicii a deStrukcii
pod st mnohoraké a v ziadnom pripade nic typické.
Formy kultizemi (zahradna. rigolovand, terasovand)
st natolko odli$né, Ze mozu byt uvazované na dGrovni
subtypu. Podobne formy antrozemi (zavizkova, depo-
niovd, haldova a pripadne iné) by sa mali hodnoti( na
drovni subtypu, st vizudlne dobre odliSitelné a rozdielne.
aviak je potrebné doriesil ich zakladné charakteristiky.
Navrhujeme zvizit aj podny subtyp kultizem degra-
da¢nd a nahradi( jej novym podnym typom (napr. de-
gradozem, degradovana poda a pod.). Z principialneho
hladiska sice ide o pddy nepremiestnené. ale kvalitativ-
ne st velmi odli§né, t. j. pady kultivované a pody de-
gradované. Degradozeme su pody vzniknuté in situ
(pol'nohospodarske alebo lesné), ktoré su predovsetkym
postihnuté nadmernym toxickym ¢i imisnym spadom
alebo inym antropickym zasahom (irigdcia, nadmerné
prehnojenie a pod.), pripadne ndhlou ekologickou ha-
variou. Degradozeme toxické sa mézu na povrchu vy-
znacoval bud absenciou rastlinného krytu, alebo jeho
deformdciou, najcastejSic sa vSak na povrchu ani
v morfolagii profilu neprejavuji vobec, ale analyticky
zistené nadmerné mnozstva Skodlivych prvkov potvr-
dia rizikové posobenie tychto prvkov na Zivot ¢loveka,
zvierat i rastlin. Prikladom takychto ekologicky pogko-
denych pdd sa Cernobylské cernozeme postihnuté radio-

aktivnym spadom, alebo toxické pody v Ziarskej kotline.
Degradozeme imisné vznikaji pri dlhodobom posobeni
hlavne imisnych spadov ako cementovy popoléek alebo
magnezil, kde dochadza k tvorbe povrchového panu,
cementdcii povrchového horizontu, rozpadu Struktiry.
pricom ticto pody nemusia by( toxické. Prikladom ta-
kychto pod sa napr. pody v okoli magnezitovych zivo-
dov JelSava-Lubenik s vytvorenou krustou na povrchu
a s Ciastoénym rozpadom povodnej Struktiry.-Pri de-
gradozemi nemusi by( solum postihnuté do hibky 60 ¢m.
nakolko toxicky a imisny G¢inok je postacujuici aj pri
mensich hibkach. V pripade degradozemi imisnych a to-
xickych navrhujeme v klasilikdacn prepracoval a sprisnil
normy kritickych zatazi pre vycélenenie tychto ekolo-
gicky postihnutych pad. nakolko uvedené hodnoty si
nepostacujice a nevystihuji rizikovy stupen zilaze.

Podny typ antrozem urbicka. definovana ako plochy
pod bez vegetacného krytu, zastavané budovami. ces-
tami a priemyselnymi podnikmi, navrhujeme uplne vy-
lacit z klasifikdcie pod, nakolko sa domievame, ze na
plochich zastavanych budovami. cestami a pod. sa
pody vo viicsine pripadov vobec nenachiadzaji (domi-
nantnd je litosféra), v okoli stavieb byvaji zvycajne
antrozeme zavazkové. Sa pripady. kedy sa pody pod
stavbami. cestami a pod. nachadzaja. aviak mali by sa
hodnotil ako pody pochované.

Podobne je otizne, ¢i antrozem degradacnt mozno
eSte nazval podou. nakolko podla definicie zahrnuje
inicidlny vyvoj na umelych substratoch. kde nie je mozny
rast rastlin, alebo zastavané plochy pod. V zmysle viace-
rych definicii pod tento pddny subtyp nema svoje opod-

V. Predbezny nivrh klasifikdcie antropogénnych pdd (Sobockd. 1997¢) — A current proposal of anthropogenice soil classification (Sobocki.

1997¢)

1. Podny typ: Kultizem (KM)

Si to pady s antropicky pretvorenym A-horizontom

9

Podny typ: Degradozem (DM)

toxickych cudzorodych litok nad hygienicki normu)
Podne subtypy degradozemi: j — toxikovana, i — imisni

Degradozem toxikovania (DMj):

Degradozem imisnd (DMi): kontami
ne vplyvajicu na chemizmus a fyzikilne vlastnosti pod

3. Padny typ: Antrozem (AN)

Padne subtypy kultizemi: g = zdhradnd. s - rigolovand. t - terasovani

Podne variety kultizemi: a — kysli. ¢ - karbondtovi, z — alkalicki

St to pody s antropicky vyvolanou alebo podmienenou degradiciou prirodzenych podnych jednotiek (imisiami alebo vadsanim

1. Obsah cudzorodych litok v pode (rizikové tazké kovy. rezidud pesticidov, oleje) prekrodil stanoveni normu
2. Pady prehnojené priemyselnymi hnojivami (obsahuja viac ako 300 mg P.kg ', resp. 750 mg K.kg ')

dcia pody prevazne pevnymi imisiami s ich akumuliciou viditeInou na povrchu pod alebo vyraz-

Pady s antropicky umelym A-horizontom na umelo vytvorenom podloZi umoZaujacim rast rastlin po vykonanej rekultiviieii
Padne subtypy antrozemi: z — zavizkovi, o — deponiovi, h — haldovi
Antrozem zaviizkovi (ANZ) predstavuje navezenie organicko-minerdlneho materidlu na spustnuté plochy alebo navezeny umely inert-
ny materidl
Antrozem deponiovi (ANd) predstavuje navezenie organicko-minerilneho materiilu na skladky odpadov prevazne chemicky aktivie-
ho materidlu (s moznostou metagenézy)
Antrozem haldovi (ANh) = forma ma inicidlny vyvoj pod na premiestnenych., spravidla psetitickych materidloch pri tazbe. ak celkovi
hribka vlozeného materiilu je viac ako 60 cm

Podne variety antrozemi: a — kysld, ¢ - karbonitovi. j - toxickd
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VI Nivrh klasifikicie antropogénnych pod (Bedrna. 1996) = A proposal of anthropogenic soil classification (Bedrna. 1996)

subtypy luvizemnd. hnedozemnd. regozemnd. pelickd. arenickd. pararendzinova, kambizemna. rendzinovi.
pseudoglejovi. podzolovi. fluvizemna
1. Kultizem ; - P ) .
varety kysla. karbonatova. alkalicka. intoxikovana
formy zihradnd. rigolovand. terasovand, degradaéni
subtypy organozemnd. pararendzinova, pseudoglejovi, cernozemni. rendzinova, regozemni. kultizemni.
psefitickd. glejova
2. Antrozem . . S ™ 4 i
variety kysla, karbondtovi, intoxikovani
formy deponiova, haldovi. zivazkovi, terasovani

VII. Nivrh klasifikacie antropickych pad a zemin (Kolény. 1994) = A proposal of anthropic soil and carth classification (Kolény. 1994)

Inicidlne pody
pevne) hornine

Padne typy
imisnd a pod.

pody na substrite ¢lovekom reaktivovanom, napr. regosol na Cerstvej banskej halde. litosol na ¢lovekom odkrytej

¢lovekom slabo pozmenené pody. napr. cernozem typicka erodovand. akumulovand, prekryti. rekultivovani. slabo

Metamorfosoly | pddy so silnym vplyvom ¢loveka na podny profil: hortisolovi. rigosolovi. terasovand. irigacnd. meliorovani.
skryvkovi. navizkovd. zavizkovi. deponiovi. rinovi

Pseudosoly pody s aplne zmenenym podnym profilom so subtypmi: technickd (urbickd. rurdlnd. imisnd, toxickd). Kompostovi,
sklenikovii. pareniskovi. nekrosolovi

Technosoly premeneni funkeia pody (podklad budov, cestnych komunikicii. 16zka zelezni¢nych podvalov a pod.)

VI Navrh Klasifikicie antropickych pod (Hrasko, 1995) — A proposal of anthropic soil classification (Hragko. 1995)

1. Podskupina: prirodné pody s antropickym vplyvom na povodni podnu jednotku (Kultisoly)

Vplyv

pozitivny

1.1 Hortisoly
1.2 Rigosoly
1.3 Terranosoly

1.4 Plagosoly

negativny

1.5 Toxisoly

1.5.1 Olecosoly (kontamindcia tekutymi zlozkami)
1.5.2 Imitoxisoly (kontamindcia pevaymi zlozkami)

1.6 Barosoly (pevné pody bez vegeticie)

vlastnosti (Antrosoly)

" 2. Podskupina: ¢lovekom premenené pady s antropickou litogenézou alebo neproduktivna krajina s drastickym naruSenim podnych

(8]
~

. Deposoly (pody z hrubozrnného a kamenitého materidlu)

1~
w

Technosoly (pody z anorganického urbického alebo inych
materidlov priemyselnej Cinnosti)

Vplyv
pozitivny negativny
2 . i ’ iz 2.4 Reductosoly (pody z materiilu organickych smetisk
2.1 Homosoly (pody z prirodného jemnozrnného materiilu) ¥ {pou; y & ¥

s mozZnostou tvorby metinu)

2.5 Urhisoly (pody bez vegeticie pod budovami. cestami a pod.)

statnenie, nakolko sa netyka pedosféry. Ide tu zrejme
o zdsah do technosféry (umelo vytvorené substrity, po-
poléeky, prefabrikity a pod.). Je mozné, Ze v budic-
nosti sa v pedologii budeme stretavat s prelinanim sfér
prirodnej a umelej povahy. Svedc¢ia o tom aj najnovsie
prace (napr. Bughardt, 1994), ktoré potvrdzuji rovnaké
analytické metody pri hodnoteni horizontov a substra-
tov prirodnej i umelej povahy.

V zmysle uvedenej diskusie navrhujeme klasifikaciu
antropogénnych pod, ktorda by sa po dalSom detailnej-
Som dopracovani a na ziaklade vzajomnych konzultacii
mohla stat sicastou MKSP (Sobocka. 1997) (tab. V).
Samozrejme je otvorend, nakolko komplexny prieskum
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ako aj databazy takychto pod nie sa doteraz urobené,
nic st vytvorené definitivne diagnostické horizonty '
a reprezentativne profily antropogénnych pad. Pri jej
dalSom prepracovani odporacame popasoval sa s prob-
Iémom erdznych pod. s problémom pod postihnutych
nadmernym antropickym prevlhéenim alebo vysycha-
nim. Do akej miery mozno povazoval ticto pody za
antropogénne v nasich podmienkach? Tieto otazky nie
st doteraz uspokojivo vyrieSené nikde na svete.

Pre ilustraciu uvadzame a komentujeme nickolko
klasifikacii antropogénnych pod publikovanych v SR.
Klasilikacia antropogénnych pod podla Bedrnu (1996)
(tab. VI) sa najviac priblizuje MKSP. Jeho hodnotenie
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1X. Navrh klasifikdcie Urbickych Antrosolov (Arbeitkreis. Stadtbiden, 1989 nepubl.) — A proposal of Urbic Anthrosols classification

(Arbeitkreis Stadtbisden. 1989 non-publ.)

(prirodné substrity)

Urbické Antrosoly
|
[ I I I 1
Meiktosoly Deposoly Reduktosoly Denusoly Intrusoly
(zmieSané (ulozeny (redukované (odkryté do (presiaknuté spodnou vodou,
substraty) materidl > 80 cm) metinom) hibky > 40 cm) plynmi, tekutinami)
Meiktosoly
|
I 1
bez vstupu materidlu s dodanim humusu (Ah > 40 cm)
L |
[ | | 1
Treposoly Rigosoly Hortisoly Nekrosoly
(hlbokd orba) (zmiedanie > 3(0) cm) (zahradné pody) (cintorinové pody)
Deposoly
|
I I |
Allosoly Pyrosoly Technosoly

(zmie$ané prirodné a technogénne substrity)

Vyvoj Ai-C-profilu (Regosol)

Allosyrozem Pyrosyrozem Technosyrozem
| | |
Vyvoj Ah-C-profilu bez obsahu karbonitov (Regosoly)
Alloregosol Pyroregosol Technoregosol
I | |
Vyvoj Ah-C profilu s obsahom karbonatov (karbonitové Regosoly)
|
Allorendzina Pyrorendzina Technorendzina

Kambizeme a pod. klasifikicia ako pody s prirodnou genézou

(technogénne substrity)

I

subtypov antropogénnych pdd podla diagnostiky podo-
tvornych procesov nepovazujeme za spravne. Vplyv lud-
skej Cinnosti, ktory by mal byt dominantny pri hodnoteni
antropogénnych pdd v zmysle definicie antropogénnej
pody, sa v tejto klasifikdcii premieta jedine v pddnych
formach.

Za extrémne navrhy povazujeme klasifikacie antro-
pogénnych pod podla autorov Kolény (1994, 1995)
(tab. VII) a Hrasko (1995) (tab. VIII), ktori uvadzaja
iplne novd, pre naSe pomery nezvykld terminolégiu
a taxonémiu. Antropogénne pddy su v ich chapani nie-
kedy tazko diagnostikovatelné, ich popisy nie si jed-
nozna¢né. Napr. ako v teréne odliSit metamorfosol na-
vizkovy a zavazkovy? Alebo st urbisoly podami, ak
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ide o pody pochované pod budovami, cestami a inymi
priemyselno-urbanistickymi stavbami? Naprick tymto
a dal§im vyhradam tieto klasifikdcie neodmictame, na-
kolko su charakterizované podla dominantnych preja-
vov Cloveka na podu a si prinosom.

Ojedinelym a dokonale prepracovanym navrhom
klasifikdcie (niclen antropogénnych pdd, ale aj substra-
tov) je klasifikicia predloZend Pracovnou skupinou pre
urbické pody v SRN (Arbeitskreis fiir Stadtbéden,
1988, 1997) (tab. IX). Projekt [inancovany [ederdlnou
vladou vytipoval a popisal velké mnoZstvo antropogén-
nych pod urbickych a priemyselnych oblasti. V zmysle
definicie urbickych antrosolov ide o pddy a nepddy
¢lovekom modifikované a umelo vytvorené na prirod-
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nych a umelych substratoch, vzniknuté dlhodobym an-
tropedogénnym a antrogeogénnym posobenim. Tdto
nemecka $kola je typickym predstavitelom tzv. techno-
génnej pedologie ako smeru, ktory sa v poslednom ob-
dobi objavuje Coraz CastejSie a stvisi s melioraénymi,
rekultivaénymi. asanaénymi a inymi antropogénnymi
aktivitami na prirodnych (pedogénnych a litogénnych)
a umelych substratoch.
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